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I hadn’t played the game since college (yes, the game has 
been around since 1991) when productivity, sunlight and bath-
ing didn’t seem as important. The graphics have improved, but 
the goals of Civilization VI are largely the same as the previous 
versions: establish a prehistorical settlement and nurture it into 
a thriving civilization. As the game’s turns take you into the 
present and beyond, you research and build new technologies, 
develop your culture and grow your borders to secure resources 
while fending off or working with other civilizations trying to 
do the same. Our goal was to take our Vikings to Mars. We 
didn’t make it.

One Step at a Time
You can’t go to Mars in the game before you go to the moon, 
and you can’t go to the moon before you develop and launch 
a satellite. Suffice it to say there are a lot of steps between 
researching pottery and developing nanotechnology. It seems 
like it takes forever to get there, much like the real-world 
technologies that seem to be forever just out of reach.

Consumer robotics, artificial intelligence, fully autonomous 
vehicles ... there are many technologies that fit the bill of almost 
reaching the promise of their expectations. One that is poised 
to come off of that list is 5G. The fifth-generation wireless stan-
dard promises to boost cellular data transfer speeds with more 
bandwidth and low latency. The promises are big: peak speeds 
up to 20 times faster than 4G and latency dropping from 20 mil-
liseconds today to 1 millisecond ... eventually. Just like a game 
of Civilization, research and development comes before you can 
send your builders out to make the technology a reality. Now 
that the 5G standard has been established, the major telecom 
companies are sending those builders to select cities at first, in-
stalling the antennas and towers that will make 5G a reality.   

That rollout will take years before we see 5G coverage 
maps akin to the 4G coverage we have today. Initial speeds 

will likely be faster than 4G LTE, but not by a factor of 10. 
Still, 5G is exciting for what it will unlock. 

The Eureka Moment
To stretch the game-to-reality analogy even further: From time 
to time during Civilization VI your scientists discover a technol-
ogy that enables a spate of other technologies and/or provides a 
boost to existing ones. These are called Eureka Moments.

The Eureka Moment for wireless communications was radio, 
but 5G could have a similar impact on society. The automotive 
industry could take advantage of 5G for vehicle-to-everything 
communications and autonomous vehicles that will be able to 
make use of 5G’s low latency. Industrial Internet of Things use 
cases abound, thanks to 5G’s reliability, network slicing (see page 
11) and propensity for security to be built in. New telemedicine 
business models and vital sign tracking innovations will open up 
for the healthcare industry.  Consumers could enjoy near instan-
taneous downloads, as well as realistic virtual and augmented 
reality experiences, without being tethered to a computer. Cloud 
computing, in general, could grow by leaps and bounds using 
5G speeds to do more processing off site.

Just One More Turn
Those innovations won’t happen overnight, or over the next 
year. Beyond the rollout time for networks and devices, busi-
ness models have to be established and tested, cost-to-benefit 
ratios have to pan out, and safety and regulatory concerns 
need to be addressed. It’s unlikely you’ll be simulating your 
CAD model remotely via 5G in the next year or two, but it 
is likely you’ll be researching device designs that incorporate 
5G radios, or smaller, more efficient 5G antennae. 

My daughter and I won our game of Civilization, not by 
getting to Mars but by attracting more tourists to our cul-
tural sites than our computer-controlled opponents. Our 
game was limited to 500 turns, and we realized we weren’t 
going to have enough time to develop all the technologies 
we would need for a Space Race win. Let’s hope the analogy 
ends there and we have plenty of time to develop the innova-
tions 5G promises to enable.   DE

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

Game On for 5G

I TOOK SOME TIME OFF over the holidays, and while 
not decking the halls, visiting with friends and family, 
eating too many Christmas cookies and de-decking the 
halls, I introduced my daughter to the incredibly addictive 

time sink that is the video game Civilization. If you have not 
played it, I suggest you don’t. It will keep you up into the wee 
hours of the morning saying “just one more turn.” 
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 | CONSUMER TECHNOLOGY

70% of consumers expect to 
be using fully connected smart 
home systems in 2030, while 
66% say it is likely that they’ll be 
using automatically functioning 
appliances/devices.

2030: Living in the Future

83% of respondents expect 
personalized preventive health plans 
based on behavior, nutrition, etc. to 
have an impact on their health in 
2030.

70%

71% of consumers expect to be 
using fully electric vehicles in 
2030, while 75% expect to be 
using hybrid vehicles.

71%

— “City of 2030 Survey,” Dassault Systèmes & CITE Research, November 2018.

83%

38% of respondents say it’s 
likely they’ll be using air taxis in 
2030, while 51% expect to travel 
by hyperloop.

80% of respondents 
said diagnostic 
at-home app-
lications will 
have an impact 
on their health in 
2030, while 81% 
said innovative 
devices to dispense 
treatments at home would have an 
impact.

80%
38%

49% of 
respondents 
said it’s likely 
they’ll be  
using a fully 
autonomous 
virtualized 
home 
assistant 
(AI) in 2030, while 40% expect to be 
using a physical robot in the home.

49%

Top 5 Benefits
1 Security & Monitoring

2 Energy Efficiency

3 Remote Access

4 Personalization

5 Automation

Respondents ranked the top 5 
benefits of a 2030 connected home.

Top 5 Benefits
1 Cost Savings

2 Time Savings

3 Security

4 Quality of Life

5 Automation

Respondents ranked the top 
5 benefits of transportation 
developments in 2030.

Top 5 Benefits
1 Quality of Life

2 Prevention

3 More Accessible Information

4 Safety

5 Personalization

Respondents ranked the top 5 
benefits of technology integrated 
into healthcare in 2030.
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| CONSUMER TECHNOLOGY

Shipments of smart home 
devices were expected to 
reach 252 million units 
by the end of 2018, up 
more than 55% from 2017.  
The growth is expected 
to continue with 467 
million smart home device 
shipments forecast in 2023. More than 70 million homes worldwide 
have one or more smart home devices.

— "Smart Home and Service Integration," ABI Research, October 2018

$398 Billion
The U.S. consumer technology industry is forecast to reach a record-
breaking $398 billion in retail revenues ($301 billion wholesale) in 2019 
and 3.9% year-over-year (YoY) growth.

Smart Money

Smart Homes on the Way

•  Capitalize on 
Digital Disruption

• Computing
•  Immersive Design
• Simulation
•  Ever-Growing 

Repository

A 
RESOURCE

FOR DESIGN 
ENGINEERS

To Learn More 
Go To:

www.APDRC.com

252M

$80 Billion
Smartphone revenue is expected to reach $80 billion, a 2% 
increase in 2019.

$28.4 Billion
In 2019, the U.S. laptop market will sell 51 million units, up 3% over 
last year, and earn $28.4 billion in revenue (unchanged from 2018).

$22.6 Billion
Total digital displays will register $22.6 billion in revenue (2% 
increase). More than three-quarters of TV shipments will be sets 
with 40-in. screens or larger.

$17 Billion
Factory-installed automotive technology is projected to contribute 
$17 billion in revenue (9% increase) in 2019.

$4.7 Billion
Smartwatch shipments are expected to see 20.5 million units 
shipping in 2019, a 25% increase over last year, with revenues of 
$4.7 billion, a 19% increase.

$3.2 Billion
Voice-controlled smart speakers are projected to sell 36.6 million units 
(5% YOY increase) and earn $3.2 billion in revenue (7% YOY growth).

— "U.S. Consumer Technology Sales and Forecasts," 
Consumer Technology Association (CTA), Jan. 11, 2019
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| C O N S U LTA N T ’ S  C O R N E R  |

S I M U L AT I O N  1 0 1
By Donald Maloy

Dynamic Linear Analysis
If static linear analysis results are not detailed enough, or you 
already know that the study involves energy dissipation models, 
start considering dynamics. A good example of something that 
requires dynamics would be studying a streetlight pole that was 
lightly struck, or harmonics impacting a boat hull lamination. 

Dynamics removes static constraints such as slowly applied 
constant loading, incorporates modal analysis and adds dampen-
ing effects. Dampening could be described as the energy dissipa-
tion of a structure. It’s generally broken down into three types 
of models: frictional effects, material dampening and viscous 
dampening. If this interests you, consider picking up a copy of 
the Mechanics of Vibrations for starters. 

Thermal Analysis
Due to the computational ease of generating a thermal solution, 
this analysis type is naturally a favorite among FEA experts. Ther-
mal analysis tells the story of how heat transfers in solid bodies. 
You may ask why the solution processes so quickly. Temperature 
is a scalar, non-vector quantity. Each node of an element in the 
model only has one degree of freedom. 

In static analysis our primary objective is to find displace-
ment, and what’s analogous in the thermal world is temperature. 
Likewise, heat flux could be considered analogous to stress. 
Thermal covers three modes of heat transfer: conduction, con-
vection and radiation. 

The thermal analysis types can be broken down into steady 
state or transient conditions. Steady state focuses on bringing 
the analysis to equilibrium and a stabilized temperature field, 
whereas a transient thermal analysis incorporates heat power as 
a function of time. If considering a study of forced convection 
such as fluid flow cooling an engine, it’s important to understand 
that this dabbles in the realm of computational fluid dynamics 
(CFD). Vendors offer solutions where imported CFD results 
can be used in a thermal analysis.

Fatigue Analysis
Most people think of the word fatigue and may associate it with 
the feeling they get upon leaving the gym. For the simulation 
community, we recall instances where a product fails unexpect-
edly. If your design calls for repetitive loading in a safety critical 
application, a fatigue analysis should be performed. Broken down 
into low and high cycles, it’s important to understand which ca-
pability you are studying. 

Software vendors may only offer one type, which is generally 
limited to high cycle. Stress-life based fatigue curves, commonly 
known as SN curves, describe the quantity of cycles until failure. 
As you dig into the details on how to set up and perform this 
analysis, it’s important to understand that many SN curves are 
derived empirically. Proper evaluation of the input values such 
as surface finish, corrosive environment and other factors plays a 
contributing role in the accuracy of the results.

Constraints and Topology-based Optimization
If you have been watching online videos of leading edge compa-
nies designing ultra lightweight robotic components with organic 
shapes, you’ve probably wondered how they devised those shapes. 

Topology optimization leverages analysis objectives such as 
stiffness-to-weight ratio, or minimizing displacement based on as-
signed constraints and loads. Topology results will provide options 
on transitioning your initial CAD geometry into these organic 
masterpieces. Just remember, you’ll still have to check with the 
machinists to make sure your design can be manufactured. 

There are several types of analyses that could assist you in 
validating your design. Leveraging the fundamental understand-
ing of these different types of simulation tools will put you on 
par for preparing an even better design for your next project. DE

Donald Maloy is a consultant analyst based in the greater Boston area. 
He also works as a certified simulation and mechanical design instructor 
for a software reseller. Contact him via de-editors@digitaleng.news.

Transition to Simulation: Spectrum 
of FEA Analysis, Part 2

I F LAST MONTH’S ARTICLE about various types of finite element analysis (FEA) got your attention, keep reading. This 
month, we continue exploring the spectrum of FEA to include even more available tools. If you enjoy designing mechanical 
systems, you’ll naturally want to take every opportunity to develop the most robust and well-tested products. The following 
simulation tools will help you get there.

DE_0219_Consultants_Corner_Maloy.indd   8 1/17/19   1:48 PM
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With this design flexibility and freedom comes a pronounced 
need for engineers to become more multidisciplinary and 
collaborative and less focused on a single task. It’s no longer 
tenable for a single design engineer to spend the bulk of their 
time working in isolation on CAD modeling and mechanical 
design problems; today, that engineer needs to seamlessly 
interface with electrical and software engineer peers, and 
potentially, data analytics specialists, not to mention be able 
to fluently work across tools from simulation to additive 
manufacturing to get their job done.

The rise of Industry 4.0—the confluence of technologies 
like cyber-physical systems, the Internet of Things (IoT), 
cloud computing, and cognitive computing that is reshaping 
manufacturing—is also transforming engineering and 
design. Longstanding engineering and manufacturing 
silos and throw-it-over-the-wall practices are no longer 
productive or practical. Instead, they are being supplanted 
with digital threads and workflows that connect design and 
manufacturing to support digitalization.

A Unified Approach
One way to take advantage of digital disruption is to embrace 
a unified design solution—one that integrates all the critical 
tools in an open, easy-to-use platform. Via delivery of a full 
portfolio of capabilities (CAD, simulation, rendering, CAM, 
and additive design capabilities, among others) in a centralized 
platform with a common user experience, engineering teams 
can more effectively collaborate across disciplines and with 
external partners. A unified design approach also ensures that 
dispersed design teams can communicate and collaborative 
wherever they are working 

With a unified design platform and an integrated suite 
of tools, engineering teams can also establish seamless 
workflows necessary for creating a digital thread that 
connects product development to manufacturing and other 
key domains. The result: Engineering teams are better 
equipped to conquer today’s design complexities and move 
forward with innovation. 

Introducing Fusion 360
Autodesk Fusion 360 delivers on that vision. With the cloud-
based platform, engineering organizations can create unified 
design workflows that foster collaboration across an extended 
product development ecosystem, break down barriers associated 
with previously siloed engineering disciplines, and work towards 
building a digital thread. The platform, now available as a single 
product offering for a $495 annual subscription fee, bundles 
together key capabilities such as CAD (including freeform, solid, 
and parametric modeling along with new generative design 
capabilities) and CAE (encompassing NASTRAN and the 
ability to setup multiple tests by leveraging the cloud). The CAE 
functionality also covers nonlinear stress, shape optimization, 
buckling, and event simulations.

“Fusion 360 has helped us get concepts designed quicker and 
with more iterations,” notes Jim McWherter of Brandmotion, 
a Michigan-based company that develops and distributes 
automotive accessories, including rear vision kits. “What used to 
take days now is done in hours.”

Read more in Making the Case for Unified Product 
Design and Development, a free download available here: 
digitalengineering247.com/unified.

Unify Design & Development
Conquer product design complexities with integrated collaboration.

DOING MORE with less has long been the hallmark of product development teams. However, the magnitude of 
innovation agendas in emerging areas like autonomous vehicles, electric powertrains and consumer electronics, 
among others, has raised the bar on engineering-specific challenges such as lightweighting, mechatronics and 
data-driven design. New production methods like additive manufacturing and more sophisticated multi-axis 

machining systems are also opening doors to even greater design creativity, allowing engineers to dream up organic shapes 
and lightweight lattice structures that could not have been cost-effectively made with traditional processes, if made at all.

3D modeling, simulation, CAM toolpaths and more 
can all be handled seamlessly in Autodesk Fusion 360.
Image courtesy of Autodesk.
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FOCUS ON 
DIGITAL THREAD | WIRELESS

Within the last decade, affordable high bandwidth provid-
ers emerged to cater to modern households, allowing Netflix, 
Hulu and Amazon to challenge the broadcasting networks’ 
dominance with on-demand content streaming. The antici-
pated arrival of 5G points to more disruptions. 

Hirschtick and McEleney officially released the public beta 
of their browser-based modeling application Onshape in 2015. 
It works on decent bandwidth, but it’s architected with the an-
ticipation of high bandwidth. “You’ll definitely see performance 
increases when 5G hits, but the beauty of our position is, we don’t 
need to do any extra work to take advantage of it,” says McEleney.

5G’s benefits will trickle down not only to streaming ap-
plications but also to sensor-equipped digital twins, connected 
devices and cloud-straddling simulation programs; faster file 
transfer is just the tip of the iceberg. 

Cloud-Hosted CAD
“We are taking a progressive approach to rolling out 5G, be-
ginning with super-fast broadband service in four markets in 
2018, and will follow that with mobile 5G service, with plans 
to expand deployments in 2019 and beyond,” says telecom ser-
vice provider Verizon. 

For general consumers, 5G promises faster download, bet-
ter streaming videos and smoother online game play. Though 
both Netflix and Onshape are cloud-hosted applications, there 
are some fundamental differences in how they stream—or, 
rather, in what they stream.

“We don’t stream CAD data as graphics, so, in that sense, 
it’s not like Netflix,” clarifies McEleney. “We send snippets of 
data, and we also stretch the application’s ability by tapping the 
user’s local machine’s GPU (graphics processing unit), be it a 
laptop, a phone or a tablet.”

Parametric CAD was historically written to run on power-
ful workstations, relying on the horsepower of the local CPUs 
and GPUs. Therefore, for those with flagship CAD products 
dating back to the Windows desktop era, updating the prod-
uct to run on high bandwidth in the cloud is no small task. By 
contrast, Onshape wrote its architecture from the ground up 
for the cloud. The product is not installed; instead, it runs in a 
browser on a workstation, a tablet or a smartphone. 

“The performance you get depends on your connection. 
For example, if you happen to be in a place without Wi-Fi, 
and you choose to tether to your 5G-enabled phone, you’ll 
get great performance,” explains McEleney. He predicts that 
the impact of 5G will be most notable the first time users load 
a model.

The Edge vs. Cloud Debate
Another company closely watching the arrival of 5G is PTC, 
which caters to connected product developers. It offers Thing-
Worx, an industrial IoT application development platform. 

Connecting the Thread:
5G

5G wireless may bring bene� ts 
to cloud-based CAD, IoT, 

simulation and digital twins.

BY KENNETH WONG

AROUND 2012, when Jon Hirschtick, John 
McEleney and a few other former SolidWorks 
executives decided to launch a cloud-hosted CAD 
startup, they were betting on a vision of ubiqui-

tous high bandwidth. “That’s the wave we were riding on; we 
knew bandwidth would improve over time,” recalls McEleney. 

Credit: Getty Images/gogoloji
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“For companies in the industrial IoT space, 5G means 
being able to deliver more data and faster speed, and being 
able to do more things on the edge,” says Rob Patterson, 
PTC’s VP of strategic marketing. 

The edge device—a sensor-equipped device in the field—
is usually designed with limited computing power and stor-
age capacity. Therefore, in the era of limited bandwidth, it’s 
often a challenge to transfer the accumulated data back to the 
cloud or a network for centralized processing. The arrival of 
5G promises to improve the edge-to-network data flow.

“5G gives engineers another option for communication,” 
says Ken Karnofsky, senior strategist for signal processing 
applications, MathWorks. “It gives you opportunities to cre-
ate remote data-collecting devices in the field where there’s 
no local network to connect to but the mobile network, so 
5G is an option for devices like that. For engineers, it’s im-
portant to figure out the data transmission goal, its implica-
tions on power consumption and cost.”

The ability to embed unprecedented processing power 
in small devices encourages edge processing (processing the 
collected data on or near the device). On the other hand, the 
ability to transmit vast amounts of data swiftly favors cloud 
processing (uploading the data from the device to a server 
environment for centralized processing). Karnofsky believes 
5G might reinvigorate the edge vs. cloud debate among en-
gineers and system designers.

Better for the Digital Twins and AR-VR
In July 2018, ABI Research published a report titled “Smart 
Manufacturing Platforms.” The firm gave PTC’s ThingWorx 

a top score in the report, citing “innovative initiatives across 
transformative technologies.”

ThingWorx is the centerpiece of PTC’s vision for digital 
twin implementation, so that manufacturers may maintain 
digital counterparts of real-world machines, equipment and 
products for diagnostics, analytics and predictive maintenance.

Digital twins are usually powered by condition-monitor-
ing sensors attached to the physical products, be it a piece 
of farm equipment or a wind turbine. Therefore, 5G’s high 
bandwidth promises better linkage between physical products 
and digital twins.

“Applications built on our core IoT platforms like Thing-
Worx will be the first to benefit from 5G, because of the con-
nectivity that lets the applications communicate with devices 
out in the field,” Patterson says.

PTC also owns Vuforia, which it acquired in 2015. The Vu-
foria division offers Vuforia Studio, Vuforia Engine and Vu-
foria Chalk solutions for developing augmented reality (AR) 
apps to use in manufacturing, sales and marketing, and service 
and maintenance.

“Our augmented reality products with Vuforia will benefit 
significantly from 5G,” Patterson predicts. “Apps on tablets 
and mobile devices that people use to consume AR content for 
workforce training or manufacturing, for example, will be able 
to deliver more compelling AR experiences.”

A Toolbox for 5G
Last year, MathWorks launched a new 5G Toolbox, aimed at 
those who need to model, simulate and test 5G communica-
tion systems. The 5G Toolbox is part of MATLAB R2018b, 
launched in September 2018. A programming environment, 
MATLAB includes a series of toolboxes to enable data analysis, 
deep learning and computer vision.

“5G Toolbox helps wireless design engineers manage in-
creasing design complexity while reducing development time. 
They can now use the toolbox for link-level simulation, golden 

Network Slicing

In a report titled “5G Network Slicing and 
Industry Verticals,” ABI Research predicts, “net-
work slicing stands to create approximately U.S. 

$66 billion in value for enterprise verticals including 
manufacturing, logistics and transportation by 2026 
... The adoption of 5G network slicing for manufac-
turing alone is expected to create a U.S. $32 billion 
of value, at a CAGR (compound annual growth rate) 
of 96% through 2026.”

Network slicing is an architecture that “allows 
multiple virtual networks to be created on top of a 
common shared physical infrastructure,” according 
to the 5G resource site 5G.co.uk.

“Manufacturing is predicated on inflexible propri-
etary and wired technologies where security of data 
and assets are of paramount importance,” explains 
Don Alusha, senior analyst at ABI Research and 
author of the 5G network slicing report. “Network 
slicing marks a departure from this rather rigid 
arrangement by affording flexibility and dedicated 
capabilities tailored to distinct manufacturing and 
IoT use cases, all of which can be coupled by bun-
dled security provisions centered on mobility.”

Designed from the ground up to run on mobile 
devices, cloud CAD provider Onshape counted on 
widespread availability of high bandwidth. Image 
courtesy of Onshape.
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reference verification, conformance testing and test waveform 
generation—without starting from scratch,” the company says 
in a press release.

The toolbox includes reference models that engineers can 
use to build devices with 5G capacity. It also includes the abil-

ity to generate waveforms and test signals, which helps identify 
optimal placements of antennas and transmitters in mechanical 
assemblies and enclosures.

“When adopting 5G, wireless engineers need to verify that 
their product designs can conform or co-exist with a new, com-
plex standard that will continue to evolve. Very few companies 
have adequate resources or in-house expertise to understand 
and implement a 5G-compliant design,” says Karnofsky.

When LTE networks became the latest standard, Math-
Works also responded by releasing a LTE Toolbox in its 
software. “Having seen how LTE Toolbox has helped teams 
quickly deploy pre-5G designs in radio test beds, we antici-
pate 5G Toolbox will have a similar impact for the mainstream 
wireless market,” Karnofsky says.

Simulating 5G Communication
As product designers draw benefits from 5G, they’re also 
bound to be designing 5G-powered devices—IoT-enabled 
wearables, smart factory monitoring systems and field devices 
that receive and transmit data using 5G, for example. This 
trend represents both opportunities and challenges for simu-
lation software developer ANSYS.

“For 5G, product designers will have to design and simu-
late more complex RF (radio frequency) systems,” says Shawn 
Carpenter, senior product manager, high frequency, ANSYS. 
“They’ll have to look at a broader spectrum of frequencies 
the product needs to accommodate. So they’ll have to design 

Simulation software maker ANSYS anticipates 5G will prompt designers to solve frequency issues—such as the 
car-to-car communication shown here—using simulation. Image courtesy of ANSYS.

5G in 3GPP Release 15

The 5G nomenclature and release numbers 
can get a bit confusing. The leading organiza-
tion behind the 5G (the 5th generation cellular 

mobile architecture) implementation is 3GPP (Third-
Generation Partnership Project). This organiza-
tion sets about uniting the works of seven leading 
mobile broadband standard development entities.

The first set of 5G standards is in Release 15 of 
3GPP’s specifications, announced after the group’s 
June 2018 plenary meetings. It allowed device 
manufacturers to really begin building interoperable, 
standards-compliant devices.

One interesting note: On Oct. 4, 2018, 3GPP 
announced “5G includes Virtual Reality (VR) from 
Day 1 ... The 3GPP Codec and Media Working 
Group (SA4) has completed work on the support of 
360° VR streaming services, within Release-15 of 
the specifications.”
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antenna systems and electronics that are more complex.”
In 2015, ANSYS acquired Delcross Technologies, a com-

puter-aided engineering (CAE) software developer that spe-
cializes in high-frequency electromagnetic (EM) and radio fre-
quency (RF) coexistence EMI (electromagnetic interference) 
analysis. Formerly employed at Delcross, Carpenter became 
part of ANSYS after the transaction. 

“We’ve now implemented tools to model the interaction 
between millimeter-wave antennas and the physical environ-
ment,” Carpenter says. “This also applies to 5G, as this could 
let you evaluate beam formation.” Such tools will play an im-
portant role in autonomous vehicle development, where car-
to-car and car-to-network communication outreaches must be 
part of the design considerations, he says.

The Demand for HPC
Sometimes smaller problems demand a great deal more com-
puting power to solve. Designers working at nanoscale elec-
tronics have discovered this. “At the millimeter wave frequency 
[a feature of 5G], simulation problems get significantly larger,” 
Carpenter notes. “So what you were able to solve once on a 
desktop workstation may now need high-performance com-
puting. We’re working on more efficient ways to solve simula-
tion problems.”

Simulation ray bouncing behavior—a method for simu-
lating frequencies—“maps quite well to the GPU, one of 
the areas we’re looking at for solving simulation more ef-

ficiently,” Carpenter says.
The use of the GPU’s parallel processing capacity lets 

simulation software speed up on certain types of simula-
tion problems. ANSYS is among many developers who have 
struck up partnerships with leading GPU makers to facilitate 
GPU acceleration.

One of the simulation solvers in ANSYS’ portfolio is HFSS 
SBR+ (formerly Delcross Savant). The product is an advanced 
antenna performance simulation software, designed to address 
many 5G-related electronics design issues. This could, for ex-
ample, help someone simulate the way energy propagates from 
a transmission device through a tower. 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.
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FOCUS ON 
DIGITAL THREAD | DIGITAL TWINS

Much like a digital twin of a physical product, the factory floor 
digital twin creates a virtual representation of the plant floor—
both physical assets and their behaviors—using data collected 
through sensors, cameras, systems models, simulations and ad-
ditional data sources, including enterprise systems. 

Factory floor digital twins are steadily gaining ground among 
manufacturers: A Gartner survey (https://goo.gl/L7J8sW) found 
that by 2020, at least half of manufacturers with annual revenues 
of $5 billion or greater will launch at least one digital twin initia-
tive for either products or assets.

Manufacturers are leveraging digital twins in multiple ways. 
One prominent use case is to tap a digital twin as a more cost-ef-
fective and agile way to plan and commission industrial assets on 
the plant floor. This allows manufacturers to optimize sequences 
and processes, and pinpoint potential problems well in advance 
of laying out and fitting up physical machinery—and with far less 
need for post-installation fine-tuning.

Manufacturers also see value in the pairing of digital twins and 
advanced analytics for monitoring plant floor performance, allow-
ing for optimization and continuous process improvement and 
laying the groundwork for predictive and preventive maintenance 
that will reduce the risk of costly downtime. 

These two examples, and other use cases, will fuel adoption of 
digital twins; Gartner expects the number of participating orga-
nizations to triple use of the technology by 2022.

Beyond benefits for production planning and performance, 
proponents of the factory floor digital twin see a real upside out-
side of manufacturing, specifically for design engineers. The fac-
tory floor digital twin, they contend, can serve as a bridge between 
manufacturing and engineering, providing a conduit for better 
early intelligence that can lead to the design of higher quality 
products that are more easily manufactured along with the de-
velopment of industrial machinery that is less prone to breakage 
and downtime.

The Legacy Hangover
Despite the potentially huge upside, the reality is it’s still in the 
early days in terms of the factory floor digital twin playing any 
significant role connecting historically siloed engineering and 
manufacturing domains. 

Although industry pundits, 3D software vendors and internet 
of things (IoT) providers play up the importance of flowing this 
data back to the engineering organization, there are few, if any, 
out-of-the-box offerings that result in a full-scale, closed-loop 
workflow. Instead, manufacturers are looking at a significant ef-
fort to integrate a factory floor digital twin into its own highly 
customized, engineering-focused solution.

“There are many organizations that want to do this stuff, but 
they can’t today because too many are still stuck in the Stone Ages 
[when it comes to plant floor technology],” says Dave Duncan, vice 
president of product management at PTC. “We need to start with 

BY BETH STACKPOLE

THE DIGITALIZATION OF MANUFACTURING, 
now commonly referred to as Industry 4.0, is giving 
birth to a new industrial asset that promises to enrich 
future products—the digital twin of the factory floor, 

which can provide engineers with valuable insights and context 
not widely available via traditional design practices.

Connecting the Thread:
Digital Twins

A factory � oor digital twin can deliver insights to design 
engineers, but it takes some legwork to create a closed loop 

work� ow between manufacturing and engineering.

Credit: Getty Images/gogoloji
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simpler business cases that are addressable. 
We don’t want to burden engineers with 
making human decisions off of imperfect 
data, but we want to provide them with 
more than they have today.”

The Stone Age scenario Duncan de-
scribes is the current state of many plant 
floor environments, which remain domi-
nated by legacy machinery that collects 
and stores data in proprietary formats, making it difficult to in-
tegrate and share, and runs off of proprietary industrial networks 
without a robust connection to the standard internet protocol (IP) 
networks that are the backbone of the IT enterprise. 

Even the growing numbers of manufacturers that have mod-
ernized operations with the addition of sensored equipment, edge 
computing and IP networks face challenges stretching the utility 
of the factory digital twin back to engineering. The time-series 
data collected by industrial internet of things-enabled (IIoT) plant 
floor machinery isn’t in a form that is useful to the average design 
engineer, thus requiring an intermediary layer that can parse and 
interpret the voluminous data streams for relevant insights and 
feed them back to engineering platforms with the proper context. 

In addition to the real-time data generated by sensored ma-
chinery, there are other unstructured sources of information that 
need to be part of the mix, including work instruction PDFs and 
other data from enterprise systems like manufacturing execution 
systems (MES) or enterprise resource planning (ERP). 

“We need to grab hold of the data and put it into a context that 
makes sense,” explains Bruno Demange, marketing and industry 
director for DELMIA Global Industrial Operations at Dassault 
Systèmes. “Having access to 1 million data points for any given 
machine is not going to help. The main objective is to allow for 
the analysis of large volumes of data coming from different sets of 
machines and putting it into context.”

The Building Blocks
Dassault Systèmes has started the process of integrating the plant 
floor digital twin with engineering. Its acquisition of Apriso sev-
eral years back gives it an entry to MES and operations data. Fur-
ther, a partnership with OSIsoft delivers a system for collecting 
and processing that high-fidelity, time-series data from those and 
other sources directly within the 3DEXPERIENCE platform, 
where it can be accessed by various stakeholders, including engi-
neers, in the context of their preferred applications. 

Critical to making this scenario effective is EXALEAD, Das-
sault Systèmes’ search and classification engine, which ensures the 
right data is retrieved and served up in a context where it can add 
value for a specific stakeholder along with machine learning capa-
bilities as the catalyst for data-driven and predictive analytics, De-
mange says. “With these data gathering solutions, we can achieve 
the first important step in doing machine learning and predictive 
analytics—that is, putting all required data on the 3DEXPERI-
ENCE platform,” he explains. 

Although the data is technically available to any stakeholder 
(including design engineers) on the 3DEXPERIENCE plat-

form, it’s not seamlessly integrated into 
traditional engineering tools like CAD 
or simulation to fuel a broad range of 
use cases. 

Currently, engineers can view non-
performance and quality data in a 3D 
model in a way that visually indicates, for 
example, that a particular gearbox part is 
prone to failure based on data analyzed 

from the factory digital twin as well as from the field. Engineers 
would then be able to use that intelligence to redesign the part to 
address the problem in subsequent releases. 

“We plan to go further to leverage the power of EXALEAD 
and Apriso in context of the 3D model,” Demange says. “We’re 
starting with quality-related data, but we plan to extend what’s 
available in the context of 3D models in the coming months.”

PTC is also leveraging its ThingWorx IoT platform, Kep-
ware industrial connectivity solutions, Windchill product lifecycle 
management (PLM) software and a partnership with automation 
giant Rockwell Automation to create a digital thread between the 
factory floor and engineering. One of the first fruits of the Rock-
well partnership is the FactoryTalk Innovation Suite, powered by 
PTC, which integrates Rockwell’s analytics and manufacturing 
operations management (MOM) platforms with ThingWorx, 
Kepware and PTC’s Vuforia augmented reality solution. The 

ANSYS Twin Builder facilitates design of digital twins that 
can create a thread between manufacturing, engineering 
and �eld maintenance. Image courtesy of ANSYS.

“It’s what your overall 
digital twin vision is for 
the enterprise, how you 
implement it with people 
and processes—that’s the 
missing piece ...” 
— Manzoor Tiwana, ANSYS
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solution, which provides a view of manufacturing operations 
tailored to specific roles, isn’t necessarily aimed at engineering, 
though this group could benefit from intelligence particularly as 
it relates to failure modes and effects analysis (FMEA). 

“The next step is to create a connection right into Windchill,” 
says Duncan, adding that PTC is working on a closed-loop con-
nection for FMEA and non-conformance data into Windchill by 
the end of this year. Moving forward, the plan is to layer artificial 
intelligence data over these closed-loop workflows to deliver in-
sights that weren’t possible before. 

For its part, Siemens PLM Software is working with a similar 
set of building blocks to make factory floor digital twins relevant 
for the engineering community, including its full portfolio of 3D 
modeling, systems modeling and simulation tools in addition to 
its MindSphere cloud-based open IIoT operating system that 
connects plant floor machinery and enterprise systems while de-
livering access to advanced analytics services.

Siemens also sees potential for engineers to make use of fac-
tory floor digital twin intelligence as part of the design workflow, 
especially as a way to fortify design decisions based on conjecture 
with some real-world intelligence gleaned during the production 
process and as a way to validate and build more accurate simulation 
models, according to Grama Chethan, consultant in Siemens’ office 
of architecture and technology, which is part of the CTO group. 

Consider a crane in operation on the plant floor: Today, testing 
on that crane is typically done in isolation, the results are manu-
ally interpreted and important intelligence is handed over to the 
design team, typically at the discretion of the players involved. 

With an IIoT platform like MindSphere, the proper mapping 
of sensors, and most importantly, the right contextualization, en-
gineers can turn what has been a mostly manual and subjective 
process into an automated workflow. This can empower users 
with key insights—for example, operation under a specific set of 
humidity conditions led to a particular part failure on the crane—
which would enable them to make better design choices to ad-
dress the issue on subsequent product iterations. 

Although the framework and technology foundation is avail-
able to get this done, Chethan admits the process is not yet turn-

key and is difficult to scale. “It’s really complex today and most of 
the projects are done as one-off services like putting plumbing 
together,” he explains. 

IIoT platforms like those from PTC, SAP, GE and others are 
critical building blocks to enabling the digital twin and for closing 
the loop between manufacturing and engineering, notes Manzoor 
Tiwana, ANSYS product manager for Twin Builder. 

The other key enabler is a physics-based digital twin, or what 
ANSYS describes as an integrated, multi-domain system simula-
tion that mirrors the life and experience of an asset. ANSYS Twin 
Builder facilitates the design of these models and reduces the need 
to interpret data collected by factory floor sensors, he explains.

“By utilizing this data, the design engineer can greatly im-
prove the product design as they better understand operations 
and the environment in the field,” Tiwana explains. “The data 
can also expose failure modes not thought of before and give 
insight into how manufacturing variances of a component used 
can affect the end product.”

Nevertheless, Tiwana admits there are still challenges in get-
ting the data, and more importantly, the insights, back into the 
hands of engineers where they can make a difference in future 
product design. “From a technology point of view, it’s there,” he 
says. “It’s what your overall digital twin vision is for the enterprise, 
how you implement it with people and processes—that’s the miss-
ing piece at this point.” DE

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

INFO ➜ ANSYS: ANSYS.com
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➜ OSIsoft: OSIsoft.com

➜ PTC: PTC.com

➜ Rockwell Automation: RockwellAutomation.com

➜ Siemens PLM Software: Siemens.com/PLM
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A digital twin can be used to determine how a machine will be installed and used on the plant � oor to virtually 
test its ef� ciency before it is manufactured. Image courtesy of Siemens PLM Software.
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Although developers of this technology use design tech-
niques, architectures and subsystems found in the consumer and 
industrial domains, the commercial IoT poses design challenges 
that differ significantly from its counterparts, placing unique 
demands on design teams. To ensure that their development 
projects succeed, engineers need to adapt to these differences.

What Is the Commercial IoT?
As the name implies, this IoT domain focuses on augmenting 
commerce, improving profits either by reducing operational 
costs or by adding new revenue streams. The technology is 
still in the early stages of its emergence, but developers have 
increasingly begun to see the commercial IoT take root in set-
tings like office buildings, retail stores, hotels, healthcare facili-
ties and entertainment venues. 

In these environments, the technology has found traction 
in such applications as smart buildings, smart workplaces, con-
nected lighting and HVAC (heating, ventilation and air condi-
tioning) systems, asset tracking and location services.

Two trends are driving the rise of the commercial IoT. The 
first is rapid increase of short-range wireless devices, and the 
second is due to growing demands on edge computing to run 

local applications, collect data and perform command and con-
trol functions of devices within relatively short ranges.

What Makes Commercial IoT Different?
Though commercial IoT systems share common elements 
with their consumer and industrial counterparts, commercial 
use cases often require engineers to contend with a unique 
blend of design and business requirements. 

For example, commercial projects must not only keep 
costs down—showing proven ROI, with a high internal 
rate of return—but they must also initially provide a com-
plete solution.

“Most IoT applications are greenfield markets—mean-
ing they target new use cases and immature markets that 
aren’t well understood,” says Mark Chung, CEO and co-
founder of Verdigris Technologies. “When entering new 
markets, it’s insufficient to target just one part of the sup-
ply chain and optimize and turn it into a platform. More 
often, you need to ‘verticalize’ to provide a solution to the 
customer’s problem. Only once markets become mature can 
companies start to target and commoditize pieces of the 
product stack. Horizontal concepts—such as optimizing se-
cure connections, offering better data fidelity or providing 
an easier operating system—can’t succeed until the market 
understands what IoT can do.”

Commercial IoT offerings must promise a longer opera-
tional life than consumer products. This business requirement 
translates into great pressure on development teams.

“One challenging design consideration for commercial 

BY TOM KEVAN

THE INTERNET OF THINGS (IoT) has several 
faces. Some have become familiar to almost all 
segments of society, like wearables, while others claim 
notoriety only in specific markets, such as industrial 

IoT systems. But there is more to the IoT than these two sectors.  
Another face that is gaining attention is the commercial IoT.

Connecting the Thread:
IoT

Most designers delve into unknown 
territory when it comes to implementation 

in the commercial sector of IoT.

Credit: Getty Images/gogoloji
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IoT projects is lifespan,” says Ethan Pierce, senior solutions 
architect for Particle. “For consumer applications you might 
target a lifespan of 24 months. For commercial, this lifes-
pan target is 3 to 5 or up to 10 years tops. As the engineer, 
you have to select technologies that align with the lifespan 
of your deployment. For example, with connectivity choices, 
where 2G networks are being shut down across the U.S., 
product creators have to make targeted decisions about the 
state of LTE and beyond.”

Along with the lifespan requirements, commercial sys-
tem designs must provide for ongoing maintenance and 
upgrades. This, in turn, affects the scale of security incor-
porated in the product.

These broad issues are just the starting point for design-
ers. As developers turn to the nuts-and-bolts issues, the design 
process gets even more complex.

Dealing with the Population Explosion
The greatest of these nuts-and-bolts challenges arises from the 
sheer number of sensors and devices that populate commercial 
IoT systems. The development team must define the business 
problem before deciding which sensors and devices the IoT 
application requires.

“This can be challenging because with new applications 
of IoT you might not know which data inputs you need at 
first—such as, you know your goal is to solve for preventa-

tive maintenance, but you’re not sure what data points reveal a 
failure before it happens,” says Pierce. “Often designers can fall 
into the trap of including more sensors than necessary, which 
provides excess data to manage and can drastically increase the 
cost of your solution. Select the sensors that help support your 
business case directly, and avoid those that might abstract the 
information away from what you already have.”

Once the selection process is complete, the designer must 
provide management software that allows the user to easily 
manage all the devices in the system. “You want to offer ob-
servability into what version of software is deployed to devices, 
if they are online and what their operational status is,” says 
Justin Rigling, co-founder and CTO of Rigado.

After addressing these two issues, the engineer confronts a 
larger related issue: scalability.

The Importance of Scaling
Scalability has long been a challenge for designers, but the 
issue’s importance is more pronounced with the continuous 
growth of IoT systems that not only connect to other systems 
but also transfer and modify the data exchanged among associ-
ated systems. An effective approach to this challenge is to build 
maximum adaptability and flexibility into the design.

“Commercial IoT designs will have to efficiently adapt 
to changes in location, environment, equipment, range and 
bandwidth requirements while still meeting system perfor-

The proliferation of short-range wireless devices and the expansion of edge computing capabilities have come 
together to create commercial IoT architectures capable of supporting applications that cover broad geographic 
areas and evolve in size and function over time. Image courtesy of Rigado.
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mance expectations without the need 
to re-engineer the whole system,” says 
Laila Salman, lead technical services 
specialist for ANSYS.

The inclusion of flexibility should 
occur as early in the development 
process as possible, but don’t look for 
a one-size-fits-all solution. “When it 
comes to the variety of locations and 
environments, there isn’t a silver bul-
let framework,” Pierce says. “Many 
of these applications are doing some-
thing that’s literally never been done 
before—exciting though daunting. To deploy with success, 
every commercial IoT product should include a discovery 
process in development. Incorporate design of experiments 
early in your process to identify variables and constraints, and 
iterate accordingly.”

That said, trying to build universal functional hardware 
can be difficult and expensive. By overtaxing the design 
process with complexity and over-engineering to a 100% 
solution, designers risk missing a market window and busi-
ness case. A way around this hurdle is to adopt a progressive 
approach. “One strategy to employ is the incremental ap-
proach,” says Chung. “First, design for the 90% use case, and 
prove the value of the design.”

Myriad Connectivity Challenges
In addition to scaling, commercial IoT development projects must 
contend with a number of connectivity challenges. These chal-
lenges often stem from features of the operating environment.

For example, in smart buildings, connected retail and smart 
warehouses, designers must deal with the presence of walls, 
floors, inventory and human occupants, which can degrade 
wireless signal propagation.

Other challenges arise as a result of harsh radio frequency 
(RF) environments in which the commercial IoT system must 
compete with extraneous RF signals and noise over a broad fre-
quency range. This heightens the importance of RF coexistence.

Consideration of these connectivity challenges and many 
other issues should begin early in the development process, 
especially if the application involves hard-to-reach areas and 
large-scale implementations. 

“You would approach this the same as I mentioned before, 
where a discovery process at the very beginning of the product 
development cycle is critical,” says Pierce. “Look specifically 
at antenna specs and radio spec frequencies versus bandwidth 
on range vs. performance. Look in-depth at the materials that 
devices are attached to, [and] transmitting through, and test 
extensively. Also explore retrofits if any prior design decisions 
are providing challenging results.”

Designers must also confirm that the components of the 
system operate as intended, evaluating system and device 

performance in its operational in-
stalled configuration.

“This is where engineers urgently 
need tools that will help them antici-
pate RF coexistence to model device 
performance in the presence of multiple 
sources of interference,” says Salman. 
“Designers should evaluate the perfor-
mance of the devices and quantify what, 
if any, degradation will occur due to the 
RF environment. 

Once engineers understand the 
operating environment, they can de-

velop compensation methods. For example, should we in-
crease the power levels? Should we use a beam-forming 
methodology? Or, should we use a mesh network for a more 
seamless experience?”

Designers will get the best results from the evaluation pro-
cess if they do not focus on individual components and subsys-
tems. Instead, development teams should concentrate on the 
system as a whole.

“With connectivity, designers should approach solving 
these challenges holistically and research what solutions are 

“Often designers can fall 
into the trap of including 
more sensors than 
necessary, which provides 
excess data to manage 
and can drastically 
increase the cost of your 
solution.” 

— Ethan Pierce, Particle
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already available for the solution rather than specific elements 
of the solution,” Particle’s Pierce says. “For example, if you 
choose a connectivity technology for your edge device that 
ends up being restrictive, you then have to solve for that spe-
cific challenge before moving on to the next. This might be 
adding additional technologies that ultimately create a more 
costly gateway that is more challenging to scale.”

Wireless Technologies and Tools
Development teams must also follow commercial IT’s strict 
rules for adding new devices to networks. To this end, designs 
must support PoE (power over Ethernet), Wi-Fi and cellular 
gateways. Cellular connectivity has become increasingly im-
portant, with designers using it in new construction, where 
no internet protocol infrastructure exists. Development teams 
can also use cellular in locations where the IT department is 
applying requirements too strict to work with.

Low-power wireless also comes into play. Designers use 
Bluetooth to connect devices and systems to sensors and 
local controls. “In commercial, there are a lot of choices: 
Bluetooth, Thread, Zigbee, Z-Wave and more,” says 
Rigling. “This complicates the commercial space a bit be-
cause you need edge infrastructure that can connect to, and 
integrate with, multiple protocols. If not, you end up with 

overlapping infrastructures.”
The options, however, do not stop there. Requirements 

for dense sensor/device populations, internal and external 
environment support, and cost effectiveness make mesh net-
work connections an increasingly popular choice. Mesh net-
working enables sensors and beacons to cover larger areas 
with fewer gateways because the end devices can network 
with each other to extend their range beyond standard gate-
way-to-end device connections.

Borrowing from Other IoT Domains
At some point, developers ask if they can borrow design ideas, 
development tools and business models from their IoT coun-
terparts. The answer is yes—and no. 

“Many lessons from consumer and industrial markets trans-
late directly to commercial projects,” Verdigris Technologies’ 
Chung says. “It’s important, however, to keep in mind the key 
distinctions so that those ideas can be adapted.”

Remember the three domains of commercial, consumer 
and industrial IoT work with different advantages and dis-
advantages. For example, consumer market cost sensitivity 
translates directly to the commercial side; both markets re-
quire high ROI.

At the same time, consumer products enjoy volume and 
cost advantages that the commercial domain does not.

Industrial projects also have important similarities to 
commercial markets. For example, both require secure and 
reliable connectivity.

As for developer tools, commercial does require differ-
ent tools and programs. “With commercial applications, 
devices will more likely need to managed at scale,” Pierce 
says. “Think thousands of tracked assets traveling across the 
country. It’s critical to have tools like over-the-air updates to 
get data to all devices instantaneously and fleet management 
tools for remote diagnostics.”

Finally, business models are tricky to directly copy. “With 
business models for commercial projects—and even commer-
cial projects in a more industrial setting—you will have to 
start from scratch, based around your use case,” Pierce says. 
“How will you leverage your data? What’s the top recurring 
revenue generator?” DE

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

INFO ➜ ANSYS: ANSYS.com

➜ Particle: Particle.io

➜ Rigado: Rigado.com

➜ Verdigris Technologies: Verdigris.co

For more information on this topic, visit DigitalEngineering247.com.
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In logistics asset-tracking environments, like 
this warehouse, the success of IoT commercial 
systems depends on effective signal propagation 
in the presence of walls, � oors, inventory and RF 
interference. This diagram shows the scale of the 
challenge, identifying the wireless systems co-existing 
in the operating environment. Shown here, teal dots 
represent customers with Bluetooth-enabled mobile 
devices entering the facility. Dark blue dots indicate 
IoT-enabled point-of-sale systems. Orange dots 
denote IoT systems that track stock on shelves. And 
yellow dots represent IoT-connected of� ce systems. 
Image courtesy of Rigado.
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The solution has long been to machine, fabricate or 3D 
print a physical replica of the product, and then use it to vali-
date design suppositions, perform physical testing or simply 

watch how everyone on the team reacts to your latest brain-
child. If it doesn’t look right or elicit the expected response, 
it’s back to the proverbial drawing board, followed by mul-
tiple prototypes until the optimal design is achieved. 

Striving for Zero

Reducing, or even eliminating, the use of physical prototypes can yield 
tremendous bene� ts. The question is: How do you proceed?

Aerodynamic performance testing is but one of the 
many functions available to designers using SIMULIA 
or comparable 3D simulation software. Image 
courtesy of Dassault Systèmes.

BY KIP HANSON

P roduct design and engineering is an inexact 
science. From estimates about material strength 
to assumptions about how the finished good will 
feel in the consumer’s hands, this all-important 

part of the manufacturing process is often an educated 
guessing game, one that can be quite costly to its players.
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Playing with Clay
The problem with this method 
is clear: prototyping is expen-
sive, and it takes time. Lots 
of time. Automakers, for in-
stance, spend millions each 
year sculpting clay models for 
aerodynamic testing, and many 
months analyzing how they fare 
under various conditions. 

“The models themselves are expensive, but the equip-
ment needed to test product designs is even more so,” says 
Ales Alajbegovic, vice president of the worldwide Centers 
of Excellence and Services at Dassault Systèmes. “An OEM 
(original equipment manufacturer) can easily spend up-

wards of $200 million to construct a wind tunnel, a huge 
investment that could easily be avoided through the use of 
digital modeling and simulation software.”

Over the past decade or so, digital simulation tools have 
become increasingly able to mimic reality. What’s more, 
they can show us things that aren’t discovered via tradi-
tional prototype and testing methods. Internal material 
stresses, unpredictable electrical flow, poor aerodynamics—
these are just a few of the secrets that often remain untold 
until it’s too late to cost-effectively do anything about them. 
So why aren’t more people using these software tools? 

According to Alajbegovic, the manufacturing industry is 
addicted to physical prototypes. “Much of the reluctance is 
simply habit,” he says. “For automobiles, at least, physical 
prototypes have been used for the last hundred years, and 
it’s difficult to change that mindset. And then there are 
regulatory requirements, safety considerations and so on. 

I’m not saying it’s impossible 
to move to a digital prototyp-
ing platform—a number of 
companies have proven that it’s 
not—but it’s definitely an uphill 
battle in some cases.”

Fighting the Good Fight
For those willing to climb the 

hill, however, drastic efficiency improvements are there 
for the taking, namely the production of better products in 
less time and for a lower cost. One example is Jaguar Land 
Rover—after nearly closing its doors forever, the British 
automaker restructured its product development process 
with a new emphasis on digital prototyping. 

The result? Over the past 10 years, the company has 
“significantly increased its revenue as well as its produc-
tion output,” Alajbegovic says. “They’re also much more 
flexible, because once you have a digital process estab-
lished, you’re able to test so many more ideas than when 
you’re doing that physically.”

Even if you want to use digital prototyping, the ques-
tion becomes: how does your department implement it? 
Buying or subscribing to a moderately expensive suite 
of modeling and simulation software is one thing; actu-
ally fitting it into your engineering processes is another. 
It does require some effort to change existing processes, 
but there’s no need to start from scratch, says Dale Berry, 
senior director for SIMULIA technical product experience 
at Dassault Systèmes.

“The beauty of a modern digital engineering platform is 
the availability of tools that allow users to focus on the de-
sired end result, be it reducing drag on commercial aircraft 
or improving crash performance in electric vehicles,” he says. 
“In these and other applications, we have leveraged our ex-
tensive industrial experience to develop, document and vali-
date various manufacturing processes, greatly reducing the 
amount of time needed to weave digital tools into traditional 
engineering activities. But whether they use our platform or 
not, I strongly believe that the companies that follow down 
the digital path will be the leaders of tomorrow.”

Feeding the Loop
But wait; not so fast. Jessica Menold, assistant professor of 
engineering design and mechanical engineering at Penn 
State University, says physical prototypes aren’t necessarily 
bad, just misused. 

“It’s not that you’re wasting time or money on physical 
prototypes, because you can be just as wasteful building 
digital ones,” Menold says. “The problem comes when 
you’re building a prototype—physical or digital—that 
doesn’t match up with the question you need to answer. 
Ultimately, that’s what a prototype should do: validate a 

“It’s not that you’re wasting time 
or money on physical prototypes, 
because you can be just as 
wasteful building digital ones.”

— Jessica Menold, 
Penn State University

Communication and collaboration throughout the 
design process is an important �rst step toward ef�cient 
prototyping. Image courtesy of Dassault Systèmes.
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specific assumption, so you can learn from it. You need to 
close the feedback loop.”

In addition to her teaching responsibilities, Menold co-
manages the THRED (Technology Human Research and 
Engineering Design) Group, a research lab that focuses on 
several key aspects of the design process, including when 
and how to prototype. She says her work will hopefully 
help the industry understand how engineers and designers 
approach this important step—the types of prototypes and 
design artifacts they’re creating, and whether there’s a way 
to better predict the trajectory or outcomes of those efforts. 

The Freedom to Fail
To Menold, the ideal prototyping scenario is one that gen-
erates smaller scale physical prototypes more frequently, 
together with some level of digital modeling and simulation. 
“The physical world doesn’t always behave the same as the 
digital one, so I think you do need to switch between the 
two in order to gain a more complete picture,” she says. 

Digital tools typically fit best when time and resources 
are limited, Menold adds, since they make it fairly easy to 
perform multiple iterations quickly, but that doesn’t mean 
designers shouldn’t keep their eyes on the basic require-
ment for any prototyping effort: What question will it an-
swer? “Prototyping is about testing to failure,” she says. “If 
you haven’t done that, then you haven’t really learned the 
constraints of your design.”

Successful prototyping—however it’s done—comes 
down to making better decisions up front: decisions based 
on the available resources, the time needed to build a 
prototype, the relative cost of each method and what the 
designer is actually trying to test, Menold explains.

“At our lab, physical, full-scale prototypes are often not 
feasible,” says Menold. “In these instances, we typically sim-
ulate a physical part with a digital twin, and actually have a 
project going right now where we analyze the evolution of 

the digital twin as it progresses from initial concept to 
3D-printed prototype to finished product.”

Through it all, it’s important to evaluate what kind 
of prototyping tools and strategies designers should 
use, which is why Menold and her research team have 
developed methodologies, or frameworks, that act as 
starting points. 

“[These methods] allow the designers to say, ‘What 
are we trying to accomplish here? Are we building a 
prototype to test for technical feasibility, or user desir-
ability, or is this even a viable product design?’” she 
says. “If you can’t work through these questions, build-
ing a prototype is quite possibly a waste of time, no 
matter which methodology you use.” DE

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

INFO ➜ Dassault Systèmes: 3DS.com

➜ Penn State University: sedtapp.psu.edu

For more information on this topic, visit DigitalEngineering247.com
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Students at Penn State University’s THRED lab 
evaluate a product design. Image courtesy of Penn 
State University.
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A paper penned by Henry Liu Ph.D., professor of Civil and 
Environmental Engineering at University of Michigan’s (UM) 
College of Engineering, and Yiheng Feng, Ph.D., assistant re-
search scientist, UM Transportation Research Institute, makes 
the case for a hybrid test process that combines simulated vehicles 
and traffic scenarios with real-world vehicles to create a faster, 
more efficient, and cost-effective approach to testing the new cars.

Augmenting Testing of Autonomous Vehicles
The researchers created a scenario where they can instantly 
generate traffic safety situations that might only happen once 
in millions of miles of real-world driving. By projecting AR 
scenarios to on-board wireless communications devices ac-
cessible by real-world test drivers on the Mcity track, test 
teams can log many more miles than traditional road testing, 
for less cost and with far better safety, the researchers wrote.

One of the biggest challenges to the widespread adoption 
of driverless vehicles is establishing the technology as safe and 
trustworthy—a feat that requires a rigorous and extensive system 
of testing. Unlike traditional vehicles, which are tested for proper 
operation and for how to protect occupants from harm in the 
event of a crash, self-driving vehicles must be able to avoid crashes 
all together. According to the National Highway Traffic Safety 
Administration (NHTSA), serious accidents occur every 530,000 
miles of driving while a crash involving a fatality happens once in 
every 100 million miles of driving.

That’s where the addition of AR test capabilities come into 
play. In addition to its 32-acre testing site, Mcity is broadcasting 
computer-generated virtual traffic to vehicles operating on its 
roadways using a secure wireless technology, the research paper 
stated. The test platform generates a virtual vehicle that creates 
some sort of dangerous situation and broadcasts it to the physi-
cal test vehicle in real-time using Dedicated Short-Range Com-
munications. The test platform also uses data from the vehicles’ 
sensors and controllers to make adjustments to the simulated 

traffic scenarios, and researchers can measure how the physical 
test car responds to these scenarios, the paper explained.

Autonomous vehicle testing has primarily been done 
through computer-generated simulation, on-track testing in a 
closed course like Mcity, or on public roads.

AR Merges Physical and Virtual Testing
Professor Liu and Researcher Feng claim their AR approach of-
fers the safety of a closed testing facility with real infrastructure 
and complexity of computer-generated simulations. The combi-
nation creates an adaptable environment that allows test vehicles 
to interact with virtual traffic in an array of situations with little to 
no risk and at reduced costs compared to other test approaches.

“To get to a complete test environment, self-driving vehicles 
need to interact with background traffic and other elements en-
countered every day by drivers on public roadways,” the report 
authors said. “Unless the driverless test vehicle encounters and 
responds to real traffic, the test scenarios that can be created in 
simulation labs and on closed tracks are constrained in proving 
the reliability of driverless cars.”

You can read the full report here: bit.ly/2FuH89r. DE 

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

AR Added to Driverless Car Testing
Researchers make the case for a hybrid autonomous vehicle test process that 
combines simulated vehicles and traf�c scenarios with real-world test drives.

BY BETH STACKPOLE

W ANT TO GET MORE MILEAGE out 
of autonomous vehicle testing? Mcity, 
which bills itself as one largest test sites 
for driverless cars, is advocating for a new 

approach that combines augmented reality (AR) and real-
world driving scenarios as a highly effective roadmap for the 
rigorous testing of autonomous vehicles.

INFO ➜ Mcity: Mcity.umich.edu
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A highway overpass is simulated at Mcity by a tunnel 
that blocks vehicles from wireless and satellite signals. 
Image courtesy of University of Michigan.
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There is nothing new about using computers and other 
technical equipment in remote or harsh environments. Oil 
and gas, military, and construction are three of many markets 
where commercial off-the-shelf (COTS) products cannot 
offer the reliability, durability or technical specs required. 
Additionally, a new product paradigm based on distributed 
autonomy (https://goo.gl/pJmihC) is emerging that will offer 
new challenges to remotely deployed IT hardware. Co-driv-
ing and self-driving automobiles, drones, semi-autonomous 
robots and many more new products will subject their elec-
tronics to the rigors of life outside the office 24/7. 

Currently, the engineering thought leadership in rug-
gedized computer equipment is coming not from the tradi-
tional computer hardware vendors or engineering software 
vendors. Instead, it is coming from component manufactur-
ers who specialize in the cases, housings, racks, external ca-
bling and other parts that protect and support the computer 
in harsh environments. 

One organization in this growing field is CP Technolo-
gies, known until recently as Chassis Plans. CP has been a 
provider of ruggedized computer equipment for industrial 
and military applications for 20 years. “Over the years, some 
aspects of designing ruggedized computers using COTS 
components have remained the same, while other areas have 
greatly changed,” says Steve Travis, a co-founder who is now 
chief operation officer of CP Technologies. 

Travis credits the accumulation of a “vast design library” 
along with working closely with customers on initial design 
of new products to its success as a manufacturer of rug-
gedized computer equipment. “We hear ‘we need a rugged 
computer’ and to us that is like ‘we need a tire,’” says CP 
Technology CEO Mike McCormack. Because there are so 
many environmental variables and performance specifica-
tions, the first step is to carefully define the project. 

“We do the usual simulation and analysis routines, includ-
ing flow simulation,” adds Drew Castle, a mechanical and 
thermal design engineer at CP. “CAE gives us the 10,000-ft. 
view, but we see more value in physical testing. We use CAE 
on the front end.” 

Travis describes one recent project as typical workflow 
for a CP project. The U.S. Navy wanted new 4U computer 
workstations that could withstand a shock from a nearby 
blast. The MIL-S-901D Grade A specification covers the 

Ruggedized Electronics Require 
SPECIAL ATTENTION
Meet the challenge of designing sensitive electronics for harsh environments.

A ruggedized rack-mount computer system inside the 
hut is being subjected to 40Gs of shock in a military 
�eld simulation for the U.S. Navy. Four separate blasts 
24 ft. deep simulate an attack by a ship or submarine. 
Image courtesy of CP Technologies. 

BY RANDALL S. NEWTON 

CONSIDER THE FOLLOWING SITUATION. 
Designers of a new mass transit rail system 
want to use the latest internet of things (IoT) 
technology to gather, process and interpret 

all kinds of real-time data beyond railcar logistics, such as 
vibration and shock, environmental conditions and audio/
video monitoring. An IT-based analysis recommends all 
sensors and other on-site monitoring equipment need the 
support of PC-class devices in the field, not only back in 
the office. Where do you buy computer equipment that can 
monitor so many inputs and withstand field deployment? 
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physical circumstances of the event. To meet the Navy’s 
needs, CP had to build an enclosure for a COTS computer 
workstation that would continue to operate during and after 
the blast and maintain structural integrity without having any 
pieces or parts come loose from the system that could injure 
personnel within the area.

“Utilizing designs that had been previously tested as well 
as field deployed gave us a great starting point,” says Travis. 
Next, CP engineers determined which, if any, components 
require additional reinforcements and components that 
need further stabilization. They also did a review of cable 
routing to ensure there were clean cabling paths to prevent 
cable tension and chafing, and to ensure proper air flow. 
Internal shock isolators were added at strategic locations to 
protect sensitive equipment.

CP has published a video of the “High Impact Shock Barge 
Test” required by the U.S. Navy as part of the certification of the 
new rack-mounted workstations (youtu.be/swAWpmboN64). 
Four separate blasts were fired, 24 ft. deep, spaced 20 to 40 ft. 
from a barge, to generate 40Gs of shock.   

Rugged Design Standardization
Recent research sponsored by the U.S. Department of En-
ergy (goo.gl/GEqSWb) shows significant costs are incurred 
by the practice of always doing one-off ruggedized equip-
ment design. The case study involved measurement equip-
ment for third-party verification missions, but the results 
are applicable to all ruggedized product design. “The cost 
of implementing new equipment technology is often the 
prohibiting factor in actively pursuing new technology,” the 
report states. 

Historically, verification technology was developed in the 
early stages of design by safeguards researchers for a specific 
governing authority or field operator. As a result, the design 
of the equipment was usually narrow in scope, and did not 
consider forward compatibility or other potential uses. 

The study offered a set of key design considerations, including: 
• select operational software for longevity, not by legacy 

considerations; 
• use modern connectors but provide for adapters to 

legacy systems; 
• avoid touchscreens if components will be used in 

protective-equipment environments, unless a stylus is a 
reasonable option (taking IT, ergonomics and safety into 
consideration);

• be sure delivery or deployment will not be problematic 
if specifying lithium-ion batteries; and

• reduce the number of access points that require seals. 

Total Cost of Ownership and Rugged Design
Rugged design is an engineering issue for companies that 
supply electronics to harsh environments, but it is an opera-
tional issue for most manufacturers. Tablet computers have 

been slow to appear on the factory floor because most are not 
designed for use in a factory setting. 

MobileDemand is a specialty manufacturer of ruggedized 
tablet and notebook computers. They build ruggedized 
white label Windows tablets, rugged cases for iPads and rug-
ged computer/enclosure bundles for Microsoft Surface Pro 
2-in-1 computers. They added tablets after the introduction 
of the iPad in 2009, when customers came to them with sto-
ries of trying—and failing—to use tablets in factory settings. 

Once MobileDemand got a few years of experience 
under their belt selling tablets for manufacturing environ-
ments, they commissioned a study (goo.gl/RXgsPi) com-
paring the use of consumer-grade and ruggedized mobile 
devices. Findings include: 

• The average organization budgets for a mobile comput-
ing device to be useful for 3.5 years, yet less than one in five 
non-rugged devices last that long.

• Rugged mobile computing devices have an average fail 
rate of 11%, while comparable non-rugged devices have an 
average fail rate of 38%. 

• The most rugged devices have the lowest total cost of 
ownership, while COTS devices used in factory settings have 
the highest total cost of ownership; the difference can exceed 
$1,600 per device annually.  

• Roughly 50% of the total cost of use of a mobile com-
puting device in the workforce results from lost employee 
productivity when the device fails. 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 ➜ CP Technologies: CP-TechUSA.com

➜ Mobile Demand: RuggedTabletPC.com

For more information on this topic, visit DigitalEngineering247.com.
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A ruggedized chassis for a new workstation 
computer to be deployed by the U.S. Navy. Image 
courtesy of CP Technologies.
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I have been using the shallow roof 
model shown in Fig. 1 in my non-linear 
training classes for a while.

It represents a structure that is ini-
tially stable under loading, but then with 
further loading, transitions or “snaps” to 
a new stable configuration. This behav-
ior is shown in Fig. 2.

The full snap-through follows the 
blue line and shows unloading, reverse 
loading and reverse deflection. The red 
line shows the overall “jump” from one 
configuration to another. The debate is 
in how the transition occurs. 

There are many real-world examples 
of snap-through, such as the lid of an 
oil drum with an internal vapor pres-
sure, mechanical switch systems or metal 
“clickers” for dog training. It has been 
used as a benchmark for many years.  

As I mentioned in a previous DE 
article (January 2018, “Demos and 
Benchmarks”: digitalengineering247.
com/r/17320), it is a typical example of 
a benchmark that is numerically chal-
lenging but is flawed, practically speak-
ing. The reason it is flawed is that static 
stability is required at each load step in 
the benchmark. This is impractical once 
snap-through has started. This implies 
counterbalancing forces and reversal of 
motion at the center point during the 
snap-through. The three classic types of 

loading are:
1. force-controlled loading that applies 
a monotonically increasing force at the 
center point;
2. displacement-controlled loading that 
is enforced at the center point; and
3. arc length displacement-controlled 
loading that permits reverse displace-
ment (“snap-back”).

The discussion was based on the fact 
that none of these loadings is realistic. 
The plate will tend to move away from 
whatever is loading the central point 
during snap-through and the snap-
through will be dynamic in nature.

I used ANSYS to explore the physics of 

ANSYS Workbench 19.2
Take a hands-on look at how the ANSYS Workbench environment 
is used to explore the physics of a benchmark model.

BY TONY ABBEY

ANSYS WORKBENCH pulls together the company’s traditional solver and its pre- and post-processing functions 
into a single integrated platform. Geometry creation and manipulation is also fully linked into Workbench. Project 
control is centralized in a visual drag-and-drop Project Schematic graphics area. Project control can include 
analysis chaining or linking within a discipline. It allows re-use of workflow elements, such as materials, geometry 

or analysis setup. In addition, multi-disciplines can be linked via the Schematic window.

Editor’s Note: Tony Abbey provides live e-Learning courses, FEA consulting and mentoring. 
Contact tony@fetraining.com for details, or visit his website at fetraining.net. 

FIG. 1: Shallow roof geometry, loads and boundary conditions. All images 
courtesy of Tony Abbey.

FIG. 2: Shallow roof snap-through 
showing load versus central 
de�ection.
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this benchmark more deeply, in particular, 
looking at contact and dynamic loading.

User Interface
On launching ANSYS Workbench, the 
main user interface appears as shown 
in Fig. 3. In the main Toolbox menu, 
we can see a wide range of Analysis 
Systems available, based on the phys-
ics applications purchased. In addition 
to the mechanical-based solutions, 
this can embrace computational fluid 
dynamics (CFD), thermal, electromag-
netic and others. 

I have selected the Static Struc-
tural Analysis System. The corre-
sponding workflow is shown in the 

Project Schematic graphics window. 
I will be using both Static Structural 
(which includes non-linear analysis) 
and Transient Structural.

Each step of the workflow is com-
pleted in turn, and a checkmark appears 
when the data is acceptable to ANSYS 
Workbench. Fig. 3 shows I have a check-
mark against the Engineering Data cell, 
but this is based on automatic loading 
of a default material. To change this, 
double-click on the Engineering Data 
cell and the Material Input forms appear 
as shown in Fig. 4. 

The shallow roof benchmark mate-
rial is assumed to be a type of polyimide, 
based on the defined material properties. 

I have created a material called “bench-
mark” by clicking on the Isotropic Elas-
ticity and Density options. The yellow 
highlighted regions show where to input 
the data. I have selected project units to 
be Kg, m, S. Young’s Modulus is 3.1E9 
N/m^2 (Pa), Poisson’s ratio is 0.3, and 
I have used a typical polyimide value of 
1,430 kg/m^3 for density (this is not de-
fined in the benchmark).

Many other material models and 
physical properties can be defined in 
Workbench, including Plasticity, Hyper-
elastic, Viscoelastic, Creep and Fracture 
Criteria options. You can also define 
custom material models.

Model Setup
The next stage in the workflow is to define 
the geometry that underpins the finite 
element analysis (FEA) model. In my case 
I elected to import the roof geometry as 
a SolidWorks part. Importing within the 
Geometry cell opens the SpaceClaim 
CAD tool in a separate window. 

SpaceClaim is a sophisticated Di-
rect CAD modeling tool that permits 
setup and fast redesign of components. 
I have not explored this tool in any 
depth, as I am focusing on the FEA 
capabilities of Workbench. Design-
Modeler, an alternative parametric 
geometry modeler,  is also available. 
ANSYS documentation suggests using 
the latter tool for manipulating exist-
ing geometry and SpaceClaim for cre-

FIG. 3: Workbench Interface showing Static 
Structural work�ow selected and highlighted (inset).

FIG. 4: Material construction forms.

FIG. 5: ANSYS Mechanical, showing shell mesh.
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ating geometry from scratch. 
I prepared the geometry in Solid-

Works by creating a mid-surface object 
of the roof segment and an additional 
sketch that contains construction curves. 
The latter are imported by SpaceClaim 
as curves and can then be imprinted 
onto the surface to provide subdivisions 
for meshing and loading point location.  

Alternatively, if you are familiar with 
SpaceClaim, the geometry can be cre-
ated and prepared very quickly within 
that environment.

The Geometry workflow item is now 
automatically checked in the Workbench 
schematic and the Model cell is double-
clicked to launch ANSYS Mechanical, as 
shown in Fig. 5.

Fig. 5 shows the central region, con-
trolled by a Face Sizing mesh control, 
set to 5 mm. The default mesh is 22.45 
mm. There are extensive mesh controls 
and mesh quality checking within the 
software. The thickness of the surface 
geometry is defined as 6.35 mm, and this 
is inherited by the shell elements. The 
material property is also allocated to the 
geometry and inherited by the mesh.

The load is set up as a point force 
applied to the central geometric vertex. 
The edge constraints are set up as sim-
ply supported on the two straight edges. 

Arbitrary constraint degrees of freedom 
(DOF) are selected by using the Dis-
placement option and setting appropri-
ate DOF to zero.

The Mechanical Interface allows 
both linear and non-linear, depending 
on the physics defined. The non-linear 
settings I used are shown in Fig. 6.

I have turned on the Large Deflec-
tion option. This allows the geometric 
non-linearity inherent in this problem 
to be modeled. I have also used Time to 
control the nonlinear steps used in the 
analysis. The default is to use Substeps. 

In a static solution, time has no mean-
ing, so an arbitrary duration of 1 second 
represents 100% loading. The initial time 
step is 0.01 seconds (implying 100 steps). 
The minimum is set as a further factor of 
1/10 of this (0.001 seconds) and the maxi-
mum is set as 0.05 seconds. 

ANSYS highlights any inconsis-
tent values in yellow, which is useful 
for checking. The nonlinear iteration 
strategy is set using the defaults for the 
Newton-Raphson method. ANSYS will 
control the time steps, adapting from the 
initial value I have set. The actual values 
and strategy you will use can vary con-
siderably in any analysis and it is recom-
mended that numerical testing is carried 

out to get a feel for the applicability of 
these settings.

The required output results are de-
fined prior to the analysis. I chose Total 
Displacement and von Mises Stress. I 
also used a Data Probe to find the vertical 
displacement at the center vertex and to 
sum the reaction forces at the simply sup-
ported edges. Grouping reaction forces 
by constraint label or entity is useful.

Analysis Results
The results are investigated once I 
launch the analysis. The roof structure 
exhibits a snap-through at around 12 

FIG. 6: Nonlinear settings.
FIG. 7: Force controlled snap-through response, Reaction versus 
Displacement.

FIG. 8(A) TOP: Deformation prior 
to snap-through. FIG. 8(B) LOWER: 
Deformation after snap-through.
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mm of deflection. The reaction force 
versus center deflection plot shown 
in Fig. 7 shows the classic jump of the 
force-controlled solution, across the 
snap-through. 

With a force-controlled loading, as 
carried out here, the loading can only 
ever increase, so the only valid solu-
tions are found on the other side of the 
“jump” as the structure reaches the next 
stable configuration. At some point, the 
stiffness of the structure drops to zero 
just prior to the snap-through (the load 
deflection curve is horizontal). If the so-
lution gets too close to that point, then it 
cannot converge to an equilibrium state 
and the analysis stops. 

My initial settings are too “clever” 
in a sense, as they will allow the time 
step to adapt and get very close to the 
zero-stiffness point. I have repeated the 
analysis a few times with a manual time-
step to get a solution just prior to snap-
through, which can then jump to the 
next stable solution and bypass the snap-
through. A step size of 0.02 seconds (50 
steps) achieves this, as shown in Fig. 7. 

ANSYS Workbench allows fast re-
definition of the non-linear controls. In 
addition, a straightforward restart capa-
bility is available. In a complex model 
this would allow a converged point at, 
say, 10 mm to be established and reused. 
Non-linear settings could be explored 
beyond this, without wasting resources 
up to the 10 mm point.

The summary text output from the 
ANSYS solver can be monitored within 
the Workbench environment during 

the analysis. This can be very useful to 
understand the implications of non-lin-
ear settings on non-linear convergence 
and iteration strategy.

The probe results (displacement 
and reaction force) are automatically 
available as xy plots and can be easily 
stepped through. Full contour plots can 
be retrieved at critical times identified 
from the xy plots.

I have plotted the compound results 
shown in Fig. 7 by using Excel; however, 
a Workbench Chart facility allows ta-
bling and plotting of responses against 
each other, within the Workbench envi-
ronment. The resulting Chart object can 
be labeled and used as a container for 
plots and tabular results in subsequent 
analysis, with easy export to Excel.

The Total Displacement option con-
tains results for the complete analysis 
and snapshots are shown in Fig. 8. The 
displacement history can be animated 
directly from the graphics window. Step-
ping to critical points is carried out with 
incremental controls.

The initial configuration is shown in 
Fig. 8(a) with a central deflection of 9.4 
mm. The final stable configuration, after 
snap-through, is shown in Fig. 8(b). The 
central deformation is 31.5 mm. The de-
formation mode is totally different from 
the initial configuration, with overall 
bending behavior in addition to the cen-
ter “dimple”-shaped deflection.

A Second Analysis Type
The next task was to replace the central 
force with a displacement control. I re-

named this as “Displacement control,” 
and the Project Schematic window 
shows the automatic association made 
between Engineering Data, Geometry 
and Model. The next change I need to 
make is in Setup. Double-clicking on 
this cell reopened ANSYS Mechanical 
and I replaced the center point load with 
an enforced displacement of 30 mm. 
The reaction force versus central deflec-
tion response now appears in Fig. 9.

Various settings are shown in the fig-
ure, with the 100 steps manual solution 
coming closest to the theoretical vertical 
drop as the snap-through response tries 
to reverse the deflection. The deflection-
controlled loading cannot “snap back” 
beyond the vertical. Note that the 
automatic method can’t adapt quickly 
enough to the rapidly changing stiffness. 
This is typical of all solvers I have used, 
and emphasizes the need for user explo-
ration. ANSYS Workbench makes nu-
merical experimentation straightforward 
to carry out by using readily accessible 
parameter controls.

The solutions all overlay the force-
controlled solution up to the limit load 
(zero stiffness) and transition to the 
same secondary stable solution after 
snap-through.

To achieve the classic snap-back so-
lution, which allows the displacement 
to reverse, an Arc-Length method is 
required. This is not supported directly 
in ANSYS Workbench but is available in 
ANSYS and can be accessed from Work-
bench by using the APDL (ANSYS 
Parametric Design Language). Inserting 

FIG. 11: Reaction versus de�ection 
for a dynamic controlled enforced 
displacement.

FIG. 10: Reaction versus central 
displacement for contact control.

FIG. 9: Displacement controlled 
snap-through response, Reaction 
versus Displacement.
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a Command opens the interface for di-
rect entry of APDL commands.

Setting up Contact
As described earlier, it was thought that 
a contact-controlled loading would be 
realistic, so I took the opportunity to 
set this up in ANSYS Workbench.

I opened a new Structural Analysis 
workflow in the Project Schematic 
window and named this as Contact 
Control. Only the material was reused, 
and I dragged a link from the corre-
sponding Material cell in the previous 
analysis to inherit this data.

A bullet-shaped impactor was set up 
in SolidWorks geometry and imported 
into SpaceClaim. The face of the bullet 
and the plate were imprinted in Space-
Claim to improve the mesh and provide 
probe points for displacement results.

I used a manual selection technique, 
but automatic detection is available. 
The two regions are described as Body 
and Target in Workbench and window 
panes are spawned automatically, mak-
ing region picking straightforward.

The bullet is displacement con-
trolled and made of steel. In the sub-
sequent analysis I only used the tip re-
gion, as the body was redundant. For a 
more complex model I could have used 
a rigid material, with a master displace-
ment control over contact segments, to 
avoid wasting resources on a deform-
able bullet.

Controls are set to use the top sur-
face of the shell as the contact surface—
this is important in thin shell contact 
modeling to avoid the mid-surface be-
ginning used, with subsequent errors in 
contact geometry.

Local mesh controls on the plate and 
bullet surface were useful in improving 
contact accuracy and convergence. A 
spherical mesh refinement zone can be 
visualized and defined around a vertex. 
This was used at the contact center 
points. After some experimentation, 
non-symmetric contact using the Aug-
mented Lagrangian Contact method 
gave the best results.

Contact Results
In this setup, the plate snaps away from 
bullet as a result of the snap-through 
behavior. This separation is more re-

alistic than an entrained displacement. 
ANSYS reports loss of contact in a mes-
sage window, as the analysis progresses. 
The bullet then catches up with the 
plate and re-establishes contact. Again, 
the ANSYS live message is useful to 
warn users that the contact stiffness has 
changed abruptly. Fig. 10 shows a series 
of reaction force versus central displace-
ment plots for this setup. 

The initial result was with a 50 mm 
radius bullet and showed a lower snap-
through load than the displacement 
control. Changing to a 25 mm radius 
bullet showed a match with the previ-
ous displacement control, which is also 
shown in Fig. 10. 

The reaction force now drops to zero 
during the snap-through. Without con-
tact, there can be no load transfer. Rela-
tive movement of the bullet and plate 
without contact is a challenging period 
for stability in a static solution. I found 
using the option to use system-defined 
“soft springs” to be helpful in stabilizing 
the solution here.

I used SpaceClaim to sharpen the 
bullet from 50 mm to 25 mm radius.  
This is a basic example of the geome-
try control that can be carried out in 
Workbench using the direct “push/
pull” and other morphing methods. 
The radius of the arc becomes the 
design driver in this parametric 
analysis study.

Dynamic Results
Using contact control, the “gap” between 
snap-though pulling the plate away from 
the bullet and the bullet catching up with 
the plate is tough for static equilibrium to 
represent. In practice, inertia effects will 
play an important role. 

Hence the next stage is to set up a 
transient nonlinear dynamic analysis in 
Workbench. A Transient Analysis system 
is chosen from the main Workbench 
Toolbox and placed on the Project Sche-
matic. The Engineering Data, Geometry 
and Model cells can be linked to the 
previous analysis so that this data is in-
herited. All that is required now is to set 
up the time dependency of the displace-
ment control and the transient analysis 
time step controls. 

I used 35 mm deflection applied 
over 0.1 second. That represents about 

1.26 km/hr or 0.8 mph. Workbench 
allows either Rayleigh Damping or 
Structural damping with a defined 
cross-over frequency. I used the latter 
with 30% structural damping targeted 
at 80 Hz. The hertz variant represents 
the estimated free natural frequency 
of the plate and was monitored from 
the diagnostic output estimates during 
the run. 

Any frequency higher than 80 Hz 
will attract higher damping than this, so 
will tend to be suppressed. A run without 
damping showed higher frequency con-
tent overlaid over the dominant snap-
though response. Hence, it is assumed 
the snap-through was not affected by the 
damping level used.

The overall reaction versus central 
deflection plot is shown in Fig. 11.

The plot tracks the entry to the snap-
through and the recovery to the stable 
configuration. It’s interesting that the 
snap-through is now responding dy-
namically with an overswing of the plate 
producing an oscillation before contact 
is re-established. The strange shape of 
the curve within this period is due to 
the changing phase between the center 
deflection and the net reaction force. 
Plotting displacement and reaction force 
independently against time show normal 
oscillatory behavior.

ANSYS Workbench allowed me to 
explore the snap-through benchmark 
in greater depth. I have not used classic 
ANSYS for many years, but found the 
Workbench environment allowed me 
to quickly get up to speed again. The 
workflow made repetitive tasks, such as 
investigating the influence of non-linear 
settings, straightforward. The ability to 
quickly plot, review and paste to Excel 
allowed a large amount of data to be in-
vestigated efficiently.

The Project Schematic window 
helped me organize the different analy-
ses used in the investigation: displace-
ment control, load control, contact 
control and dynamic control, from one 
central point, rather than a series of 
separate databases. DE

Tony Abbey has created a non-linear 
e-learning class that is presented in 
partnership with NAFEMS. Check out the 
content at goo.gl/otYmDY.
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After its start in 1993 as an Autodesk reseller and devel-
oper, ZWSoft released its own AutoCAD-compatible software 
ZWCAD in 2002. In 2010, ZWSoft purchased the technology 
and R&D team behind VXCAD/CAM from VX Corporation.

VXCAD/CAM was somewhat unique because it used its 
own modeling kernel rather than relying on ACIS or Parasolid. 
This remains true today, with kernel development for ZW3D 
still done by a core development team based in Melbourne, FL, 
while work on features and functions is carried out in the com-
pany’s headquarters in Guangzhou, China. 

Well-Organized Interface
When you first start the program, you choose a user role (Pri-
mary, Intermediate, Advanced or Expert), which sets interface, 
hotkey and mouse actions. You can switch user roles later and 
create custom roles. User roles can also be saved to a .ZIP file to 
exchange between different PCs. The user interface has a Quick 
Access Toolbar and ribbon across the top of the screen and a sta-
tus bar along the bottom. There is also a selection toolbar with 
controls and filters that help when selecting objects. 

A Manager panel sits to the left of the main graphics area and 
a File Browser panel appears along the right side. These panels 
can be docked/undocked and toggled on and off. The Manager 
panel tabs let you switch between the part history, assembly tree, 
view manager, visual controls and role manager. 

When you select a command from the menu, the Manager 
panel is temporarily replaced by a dialog box with controls and 
input fields for the specific feature you are creating. These dia-
logs clearly indicate required and optional settings.

Multiple open files each have their own tab within the 

ZW3D Review:
Model and Manufacture

ZW3D provides a well-organized user interface that 
makes it relatively easy to model parts and assemblies. 
Images courtesy of David Cohn via ZWSoft.

ZW3D includes both CAD and CAM capabilities, 
making it easy to generate and then simulate 
and verify the toolpaths and NC code needed to 
manufacture your parts.

BY DAVID COHN

THE CHINESE COMPANY ZWSoft’s ZW3D 
is billed as an all-in-one affordable CAD/CAM 
program. Although the company and its software 
may not be as well known in North America, that 

is certainly not the case elsewhere, particularly in China, 
where programs like SolidWorks, Solid Edge, Inventor and 
Creo compete with local brands like ZW3D. 

In addition to generating machine code, you can save an 
HTML operations list that includes machine parameters.

ZWSoft updates its all-in-one 
CAD/CAM program.
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ZW3D Review:
Model and Manufacture

graphics area. A toolbar across the top of the graphics area 
provides quick access to common tools for erasing objects, ma-
nipulating the appearance and orientation of models, setting the 
current layer and so on.

Like most 3D modeling programs, you begin modeling 
parts or assemblies by first creating a 2D sketch to create a base 
feature. The program provides a range of tools for parametric 
modeling based on dimension-driven features, allowing for 
quick design modifications. When working this way, the pro-
gram maintains a history tree and you can roll the model back 
to any point in its development. VX CAD/CAM was one of the 
first programs to also support direct modeling, allowing users 
to quickly modify any 3D model geometry without history 
regeneration. ZW3D continues that tradition and also enables 
solid-surface hybrid modeling, so users can perform Boolean 
operations for surface parts directly with solid geometries.

ZW3D makes it easy to import models created in other pro-
grams. You can open or import a wide range of formats, including 
CATIA, Creo and Pro/E, Inventor, NX, Solid Edge and Solid-
Works. You can also open AutoCAD DWG files, neutral formats 
such as ACIS, DXF, IGES, Parasolid, STEP and VDA, and light-
weight formats including 3DXML, CGM, JT, OBJ and STL.

A Full Range of Tools
ZW3D includes sheet metal capabilities, including advance un-
fold and weldment design. Its assembly modeling tools allow for 

ZW3D 2018 includes new tools for individually 
controlling section planes when using the Section with 
3 Planes tool.

Associative import lets you update imported parts to 
re�ect changes without losing changes made to the 
part in ZW3D.

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

INFO ➜ ZWSoft: ZWSoft.com
PRICING

ZW3D Lite:
• 6 Months: $350
• Year: $500
• Perpetual License: $2,000
• Perpetual License (w/1-year upgrade): $400

ZW3D Standard:
• 6 Months: $500
• Year: $900
• Perpetual License: $3,000
• Perpetual License (w/1-year upgrade): $600

SW3D Professional:
• 6 Months: $800
• Year: $1,500
• Perpetual License: $5,000
• Perpetual License (w/1-year upgrade): $1,000

ZW3D Premium:
• 6 Months: $1,300
• Year: $2,550
• Perpetual License: $8,500
• Perpetual License (w/1-year upgrade): $1,700

ZW3D 2X Machining:
• 6 Months: $450
• Year: $7,500
• Perpetual License: $2,500
• Perpetual License (w/1-year upgrade): $500

ZW3D 3X Machining:
• 6 Months: $800
• Year: $1,500
• Perpetual License: $5,000
• Perpetual License (w/1-year upgrade): $1,000

ZW3D 5X Machining (add on):
• 3X Post Processors for Premium or 3D Machining: $1,000
• 4X Post Processors for 5X Machining add-on: $2,000
• 5X Post Processors for 5X Machining add-on: $3,000

SYSTEM REQUIREMENTS
•  OS: Windows XP SP3 (32-bit), Windows Server 2003  

(32-bit), Windows Server 2008 (32-bit), Windows Vista (32-
bit), Windows 7 (32-bit/64-bit), Windows 8.1 (32-bit/64-bit), 
Windows 10 (32-bit/64-bit)

•  Processor: Intel Core 2 Duo 2GHz or above (or equivalent  
AMD processor)

• Memory: 4GB minimum
• Disk Space: 6.5GB required for installation
•  Display: OpenGL 3.1 or above, NVIDIA Quadro FX 580  

or above (or equivalent AMD graphic card); 1024x768  
with TrueColor minimum, 1280x1024 with TrueColor or  
above recommended.
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top-down and bottom-up designs. You can edit assemblies and 
components and manage associated models. The program’s verifi-
cation tools help ensure the manufacturability of your designs.

As you might expect, the program can easily create associated 
2D drawings based on 3D models, with tools for adding dimen-
sions, tolerances and annotations that can be updated automati-
cally to reflect changes to the model. There are also product and 
manufacturing information tools to add dimensions and annota-
tions directly on 3D objects.

In addition, ZW3D includes specialized tools for dealing 
with detailed mold designs, such as tools for quickly adding 
core-cavity parting lines and multi-cavity designs. It also comes 
with a library of mold base components and standard parts.

All This, Plus CAM
What sets ZW3D apart from most of its competitors is the 
fact that it integrates CAD and CAM tools in a single package. 
What’s more, those CAM tools are relatively intuitive and quick 
to master. The program supports everything from two-axis mill-
ing to four- and five-axis simultaneous machining. 

Once you have created the desired part in the CAD environ-
ment, you can immediately begin programming the toolpath 
and generate the numerical control (NC) code. Having both the 
CAD and CAM tools integrated within the same program en-
sures that everything remains associative—you can easily update 
toolpaths to reflect changes made to the model.

After shifting to a CAM plan view, the ribbon changes to dis-
play CAM-specific tools and the manager panel changes to the 
CAM Manager tree. You can click the Exit tool to switch back to 
the CAD environment at any time. More than 40 types of ma-
chining operations are included in ZW3D to facilitate efficient 

roughing, smoothing, finishing and high-speed machining.
For example, you can add the stock from which the part will 

be milled and then add milling and drilling operations. A series of 
dialog boxes lead you through each step in the process, with com-
plete control over the tool type, size and other parameters. 

You can use ZW3D’s Solid Verify command at any time to 
simulate any step in the machining process. There is also a flex-
ible toolpath editor that lets you improve machining efficiency 
without having to make tedious adjustments or modify param-
eter settings. After making a change, you can recalculate the 
toolpath with a single click. You can edit all or just a portion of 
the toolpath.

You can also select a feature within the model and then let 
ZW3D automatically create the appropriate milling operation 
necessary to produce the desired results. There are also analysis 
functions to help detect collisions. Once the toolpaths are com-
plete, ZW3D can generate the NC code. You can also output an 
operations list as a single HTML file that contains all the process 
information, including machine parameters and operation times. 

The program’s post processor includes more than 70 of the 
most popular computer numerical control machines, including 
Fanuc, Haas, Heidenhain, Mazak, Okuma and Siemens. There 
is the option to add post processors from other companies or 
purchase customized post processors from ZWSoft.

What’s New 
ZW3D 2018 provides a host of new features. User interface im-
provements include changes to dialog boxes so that you can now 

The new Dim Move Face tool lets you use dimensions 
to drive face movements.

New drafting tools include the ability to incorporate 
images in text and BOMs.

ZW3D 2019 Just Released

Last month as this issue was going to press, 
ZWSoft released ZW3D 2019. According to the 
company, the new features include:

• A new algorithm that empowers a higher pro-
cessing speed of display, calculation and response, 
delivering faster zooming, panning and rotating of 
3D models and facilitating better experience when 
handling big models with over 1GB files;

• a new flexible sub-assembly that makes it 
easier for engineers to verify the motion of the whole 
assembly;

• a clearer parting wizard, enhanced patch tool, 
multi-region definition and parting to make mold 
parting easier and more stable;

• integration of VoluMill on the CAM side to help 
reduce cycle time and increase productivity; and

• additional native integrations, including Alma 
CAM for nesting and PARTsolutions for libraries.
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see the default unit type. You can now apply changes without 
ending the current command, so that you can repeat the com-
mand without having to reopen the dialog box. The Layer Man-
ager has been enhanced, enabling you to copy and move objects 
to a new layer and manage and assign layers to categories.

The 2018 release includes a new option to control sectioned 
components when using the Section with 3 Planes tool. You 
can now control the three section planes individually and even 
rotate and hide the planes. A new exclude components option 
allows you to exclude or include components and section an 
STL model.

Product manufacturing information capabilities have been 
improved with the addition of more dimension and annotation 
types (such as chamfer, arc length, centerline and center mark, 
and radius/diameter). 

There is also a new associative import function that lets 
you update imported models without breaking the history. For 
example, suppose you imported a model from SolidWorks and 
then added features, such as patterned holes. If the imported 
part is subsequently updated in SolidWorks, you can reimport 
the updated model to reflect those changes without losing 
any of the features you had added in ZW3D. This works with 
models imported from CATIA v5, Creo, NX, Solid Edge and 
SolidWorks.

A new unified part and assembly configuration table lets you 
manage more part configuration parameters, including part at-
tributes, expressions, features and dimensions. You can save con-
figurations to an Excel file, create additional configurations and 
then import the Excel file.

Direct editing functions include a new face overflow control 
option to match the expected direct editing results. For example, 
Extend Change Face extends the moving face to close the shape; 
Extend Stationary Face extends the boundary face to close the 
shape; and Extend Cap Face automatically adds a cap face to 
close the shape. The new Dim Move Face tool lets you use di-
mensions to drive face movements.

Other enhancements include 2D drafting improvements, 
such as the ability to include thumbnail images in a bill of mate-

rial (BOM), support for more date formats, and the ability to 
include user-defined attributes in BOMs and title blocks.

In the CAM environment, ZW3D 2018 includes improved 
three-axis operations, such as functionality to add a protect sur-
face for QuickMill finish operations and new options for setting 
multiple cutting layers for five-axis side cuts.

Multiple Versions
Getting started with ZW3D is easy. The program is available in 
several versions. ZW3D Lite provides basic 3D modeling capa-
bilities. ZW3D Standard adds freeform class-A surfacing, sheet 
metal and weldment design. ZW3D Professional adds electrode 
and mold design. ZW3D Premium includes all these features 
plus two-axis milling, two-axis turning, three-axis QuickMill, 
Solid Verification, the tool path editor and the ZW3D post pro-
cessor. 

ZWSoft also offers ZW3D 2X Machining and ZW3D 3X 
Machining, which include the basic CAD tools of the Lite ver-
sion plus the two- and three-axis CAM capabilities, respectively. 
The four- and five-axis machining capabilities are sold as an 
extra-cost add-on.

ZW3D is available in 14 languages in 32- and 64-bit ver-
sions for operating systems, including Windows XP and Vista. 
You can download a 30-day free trial of the Premium version 
from the ZWSoft website. The software works beyond the trial 
period, but the save, print, import, export and post-processor 
functions become disabled.

ZW3D has a lot to offer, providing features typically found 
only in much more expensive programs. It offers a reliable, af-
fordable alternative that should be particularly appealing to 
those who also need to handle the modeling and manufacture of 
parts and assemblies. 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 DE 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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The ThinkStation P520 tower workstation and its sibling 
P520c compact tower make up Lenovo’s newest family of 
mainstream single CPU workstations. Both offer dual M.2 
support directly on the motherboard. They also support Intel 
Virtual RAID on CPU (VROC), which according to Lenovo 
allows users to manage their non-volatile memory express 

solid-state drives (NVMe SSDs) directly on the CPU, unleash-
ing the full performance potential of NVMe SSD without the 
complexity of a traditional redundant array of independent 
disks (RAID) hot bus adapter.

For our review, Lenovo sent us a ThinkStation P520, 
which came housed in a tower case measuring 6.5x18.0x17.5 
in. (WxHxD) and weighing 27.25 lbs. Handles at the top 
front and rear, identified with red touch points, make it easy 

We review the latest mainstream Lenovo tower workstation.

BY DAVID COHN

L AST YEAR, Lenovo announced three new 
workstations across its tower and mobile portfolio. 
Because we had already looked at the new mobile 
system, the ThinkPad P52s (see DE September 

2018), when we subsequently received one of those new 
tower systems, we were ready to run it through its paces. 

Lenovo ThinkStation 
P520: Affordable Power

TOP LEFT: The new Lenovo ThinkStation P520 packs 
plenty of power into a mainstream workstation. Image 
courtesy of Lenovo.

TOP RIGHT: The rear panel of the ThinkStation P520 
provides plenty of connections Image by David Cohn.
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to move the system.
The base price of $1,214 gets 

you a P520 equipped with an Intel 
Xeon W-2102 CPU, Windows 
10 Pro for Workstations, 8GB of 
DDR4 2666MHz error-correcting 
code (ECC) memory, an NVIDIA 
Quadro P400 graphics processing 
unit (GPU), a 1TB 7200rpm SATA 
hard drive, a 5.25-in. Flex module 
that includes a nine-in-one multi-
media card reader, plus a USB key-
board and mouse, all covered by a 
three-year warranty.

The Flex module gives users 
the option of just adding the com-
ponents they need. It can accom-
modate optical drives, card readers 
and various ports. For the P520, the 
Flex module is mounted with its 
three vertically oriented bays, and 
in our evaluation unit, the module 
contained the power button and card reader as well as a head-
phone/microphone combo jack, and four USB 3.1 ports, includ-
ing one that is always on and capable of charging USB devices. 

One of the other Flex module bays in our system also con-
tained a standard 5.25-in DVD+/-RW optical drive, a $30 option. 
The rest of the front panel surrounding the Flex module consists 
of a perforated metal screen with the ThinkStation logo.

The rear panel provides PS/2 keyboard and mouse ports, 
four more USB 3.1 ports, two USB 2.0 ports, an RJ45 network 
jack and audio jacks for line-in, line-out and microphone. 
There is also space on the rear panel for an optional nine-pin 
serial port. The NVIDIA GPU in our evaluation unit added 
four DisplayPorts.

Room for Expansion
To access the P520’s interior, you simply lift a lever that re-
leases the entire left side panel. Inside, additional red touch 
points provide clear indications of where to grasp components 
that require no tools to remove. For example, the 690-watt 
power supply can be swapped out in seconds by pulling on its 
red touch point.

The interior of the ThinkStation P520 is quite spacious. 
The motherboard occupies approximately two-thirds of the 
case, with ample access to its slots, sockets and connections. 
A single CPU with a large radiator and cooling fan is flanked 
by eight memory sockets. Lenovo offers a choice of three 
Xeon processors. 

Our evaluation unit came with an Intel Xeon W-2125 pro-
cessor, a 4GHz quad-core CPU. This Skylake processor, which 
has a maximum turbo speed of 4.5GHz and a thermal design 
power rating of 120 watts, added $400 to the system price.

Although 8GB is standard, our evaluation unit was equipped 
with 16GB of 2666Mhz ECC memory, installed using a single 
registered dual-inline memory module, which added $250 to 
the price. The ThinkStation P520 supports up to eight 32GB 
memory modules, for a total of 256GB of RAM.

The motherboard also provides a total of six expansion 
slots, including two PCIe x16 slots, a PCIe x8 slot, two PCIe 
x4 slots and a PCI slot. Lenovo offers a choice of eight differ-
ent NVIDIA Quadro graphics boards, ranging from the P400 
in the base configuration to the ultra-high-end P6000, and 
you can equip your P520 with one or two GPUs. Our evalu-
ation unit came with a VR-ready Quadro P4000 GPU, which 
added $1,100. The Quadro P4000 includes 8GB of dedicated 
GDDR5 memory. 

With 1,792 compute unified device architecture (CUDA) 
cores and a 256-bit interface, the board delivers a bandwidth of 
up to 243GB/second. It requires a single slot and its 105-watt 
power consumption requires an auxiliary six-pin power con-
nection.

The ThinkStation P520 can be equipped with up to eight 
total drives and supports dual M.2 NVMe drives directly on 
the motherboard. A pair of 5.25-in. drive bays is nestled at the 
bottom of the case, just in front of the power supply, and the 
case can accommodate an optional second pair of drive bays. 
Lenovo offers M.2 drives of 256GB, 512GB and 1TB capaci-
ties and SATA drives of 1 or 2TB. 

Both drive types can be set up in RAID arrays. Our evalu-

Price/Performance chart based on SPECwpc Product 
Development benchmark dataset.

PERFORMANCE

P
R
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E

Price vs. Performance of Recent Workstations
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Tower
Workstations
Compared

Lenovo Think-
Station P520

one 4.0GHz Intel 
Xeon W-2125 

quad-core CPU, 
NVIDIA Quadro 
P4000, 16GB 

RAM, 512GB SSD

Dell Precision 
7820

one 3.0GHz Intel 
Xeopn Gold 6148 

20-core CPU, 
NVIDIA Quadro 
P4000, 96GB 
RAM, 500GB 

SSD, 2TB  
SATA HD

@Xi 
Mtower PCIe 

one 3.7GHz Intel 
Core i7-8700K 

6-core CPU 
over-clocked to 
5.0GHz, NVIDIA 
Quadro P4000, 

32GB RAM, 
500GB SSD

HP Z2 Small 
Form Factor G4
one 3.8GHz Intel 
Xeon E-2174G 
quad-core CPU, 
NVIDIA Quadro 
P1000, 32GB 
RAM, 256GB Z 
Turbo SSD, 1TB 

SATA HD

Origin 
PC M-Class

one 3.7GHz Intel 
Core i7-8700K 

6-core CPU 
over-clocked to 
4.9GHz, NVIDIA 
Quadro P5000, 

64GB RAM, 
512GB SSD, 3TB 

SATA HD

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

Price as tested $2,825 $12,582 $4,056 $1,949 $5,365 $6,603

Date tested 7/18/18 7/15/18 6/4/18 8/26/18 5/18/18 4/26/18

Operating System Windows 10
Home

Windows 10
Home

Windows 10
Home

Windows 10
Pro

Windows 10
Home

Windows 10
Home

SPECviewperf 12 (higher is better)

3dsmax-05 130.05 126.73 140.25 60.53 150.40 143.38

catia-04 157.41 131.31 164.72 62.60 206.44 159.73

creo-01 120.87 88.98 147.00 66.38 169.24 96.93

energy-01 12.76 12.01 12.70 4.46 18.64 18.58

maya-04 122.76 76.95 135.10 53.41 134.99 114.39

medical-01 55.59 52.59 56.16 18.03 79.37 76.94

showcase-01 74.75 80.13 82.86 24.96 103.99 102.04

snx-02 260.35 150.05 161.81 59.36 218.72 201.65

sw-03 180.65 117.99 197.24 103.80 212.00 167.42

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 4.55 4.38 6.04 4.17 5.86 3.38

Shaded Graphics Sub-Composite 3.07 2.90 4.13 3.13 3.91 2.22

Shaded w/Edges Graphics Sub-Composite 3.79 3.73 5.23 4.05 4.95 2.70

Shaded using RealView Sub-Composite 3.43 3.27 4.59 3.46 4.38 2.43

Shaded w/Edges using RealView Sub-Composite 3.83 3.85 5.17 3.92 4.92 2.73

Shaded using RealView and Shadows  
Sub-Composite

3.95 3.71 5.26 3.87 5.02 2.80

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

4.05 4.02 5.45 4.08 5.21 2.90

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

11.50 10.57 13.75 6.03 14.60 9.22

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

10.93 10.56 13.63 6.75 13.94 8.46

Wireframe Graphics Sub-Composite 3.45 3.25 4.77 3.89 4.58 2.99

CPU Composite 2.95 3.75 4.10 2.53 3.87 4.25

SPECwpc v2.0 (higher is better)

Media and Entertainment 3.65 5.21 4.70 2.42 4.93 5.03

Product Development 3.09 6.74 4.32 2.24 4.88 5.26

Life Sciences 3.61 10.09 4.88 2.25 5.65 7.32

Financial Services 3.67 24.35 6.31 3.56 6.14 10.37

Energy 1.65 9.31 4.95 2.40 7.48 5.76

General Operations 1.51 1.47 1.73 1.11 1.91 1.55

Time

Autodesk Render Test  (in seconds, lower is better) 61.60 28.30 24.00 45.10 28.80 34.30
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ation unit came with a single 512TB Samsung 
M.2 PCIe Opal SSD, which added $269. Other 
options include Wi-Fi, a serial port and a USB 
3.1 Type-C adapter.

Midrange Price and Performance
We have always been impressed by Lenovo’s 
ability to combine components for optimum 
performance. Happily, this remains true for 
the new ThinkStation P520, which turned 
in excellent results on most of our tests. For 
example, with its high-end NVIDIA Quadro 
P4000 GPU, the P520 performed quite well 
on the SPECviewperf benchmark, delivering 
the best results we’ve ever recorded on several 
of the individual datasets. Its test results were 
also quite good on the SPECapc SolidWorks 
benchmark.

On the very demanding SPECwpc worksta-
tion performance benchmark, however, the 
scores for the ThinkStation P520 placed it 
in the middle of the pack when compared to 
other workstations we have reviewed recently. 
But its results on this test were still quite good, 
particularly when you consider the cost of the 
systems that surpassed its performance. 

The only disappointment was the 61.6-second average time 
to complete our AutoCAD test rendering, one of the slowest 
times we’ve recorded recently, owing to the fact that this test is 
multithreaded and the 4GHz CPU in the ThinkStation P520 
had only four cores.

Lenovo preloaded Windows 10 Professional 64-bit. 
Ubuntu is also available and Red Hat Enterprise Linux 7.3 is 
supported. The standard warranty covers parts, labor and 24/7 
phone support for three years. 

Additional support options include onsite service for up to 
five years and premier support. A 104-key USB keyboard and 
USB optical wheel mouse come standard. The system is inde-
pendent software vendor (ISV) certified for applications from 
companies including Adobe, Autodesk, Dassault Systèmes and 
PTC, and users can download the Lenovo Performance Tuner 
software to help tune their workstation for specific software.

As configured, the ThinkStation P520 we received priced 
out at $2,825 after an automatic 10% online discount, making 
the Lenovo ThinkStation P520 a price/performance leader, 
likely to find its way onto the desks of many engineers. DE

David Cohn is the senior content manager at 4D Technologies. 
He also does consulting and technical writing from his home in 
Bellingham, WA, and has been benchmarking PCs since 1984. He’s 
a contributing editor to Digital Engineering and the author of 
more than a dozen books. You can contact him via email at david@
dscohn.com or visit his website at dscohn.com.
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INFO ➜ Lenovo: Lenovo.com/thinkstation

Lenovo ThinkStation P520
• Price:  $2,825 as tested ($1,214 base price)
• Size: 6.5x18.0x17.5 in. (WxHxD) mini-workstation
• Weight: 27.25 lbs.
• CPU: 4.0GHz Intel Xeon W-2125 quad-core w/ 8.25MB cache 
• Memory: 16GB ECC DDR4 at 2666MHz
• Graphics: NVIDIA Quadro P4000 
• Hard Disk: 512GB Samsung PCIe Gen 3 NVMe M.2 SSD
• Floppy: None
• Optical: DVD+/-RW drive
•  Audio: Integrated audio (front panel: combo headphone/

microphone jack; rear panel: line-in, line-out and microphone) 
•  Network: Integrated gigabit Ethernet with one RJ45 jack 

(wireless available as an option) 
•  Modem: None
•  Other: Eight USB 3.1 (4 front/4 rear), two USB 2.0,  

four mini-DisplayPorts on NVIDIA board, nine-in-one 
multimedia card reader

•  Keyboard: 104-key Lenovo USB keyboard
•  Pointing device: Lenovo USB optical wheel mouse
•  Power supply: 690 wa§s 
• Warranty:  Three years parts and labor

The rear panel of the ThinkStation P520 provides 
plenty of connections. Image by David Cohn.
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In a paper published and presented at COMSOL Confer-
ence 2017, hosted by multiphysics simulation software maker 
COMSOL, the researchers wrote: “Today in vivo imaging tech-
nologies do not allow to measure the eye components material 
properties such as the refractive index or the stiffness: These 

properties are essential to understand and diagnose the effect 
of aging on the eye’s accommodative performance and develop 
new surgeries. To address this problem, Kejako has set up a 
parametric 3D mechanical model of the human eye, in addition 
with an optical evaluation.”

 One of the effects of aging is presbyopia, or the loss of near-
focusing ability. It tends to occur in people over age 40, accord-
ing to the eye resource site All About Vision. The parametric 
eye, the Kejako researchers suggest, can help develop and refine 
treatments of presbyopia or other eye disorders.

 “We believe simulation can be a great and efficient tool to 
develop [an] innovative diagnosis method, based on indirect mea-
surement of a physical value and reverse engineering. In fact that’s 
what we already did for the GRIN (Gradient of Refractive INdex) 
value. We’re eager to do the same for other values,” says Aurélien 
Maurer, Kejako’s R&D engineer and one of the paper’s authors.

Recreating the Eye in Pixels
The basic mechanics of the human eye are as follows: Light 
coming from an object enters the eye through the cornea, which 
functions like a window. Light propagates inside the aqueous 
humour, a liquid chamber behind the cornea. The clear disc-like 
lens helps focus the light on the retina. When the image is in 
focus, the image is sent to the brain for processing.

According to Kejako’s research, presbyopia is the result of 
aging-related crystalline lens stiffness, which affects the lens’ abil-
ity to adjust its radius of curvature to help keep things in focus.

 Kejako has already built and validated a complete 3D 
non-axisymmetric model of the human eye. To account for 
the biomechanics of the different subcomponents of the eye, 
the team used COMSOL’s Multiphysics Nonlinear Structural 
Materials Module, Structural Mechanics Module and Ray 
Optics Module. “The model was proven ... to be able to sim-
ulate entirely the presbyopia progression—i.e., the progres-
sive loss of vision with aging—when applying the age-related 

Licensed to See
Ophthalmology startup uses a parametric digital eye model to 
develop presbyopia treatments.

Kejako uses COMSOL Multiphysics modules to 
develop a parametric eye model to visualize the total 
displacement and ray trajectories, a way to simulate 
and understand presbyopia. Images courtesy of 
Kejako and COMSOL.

BY KENNETH WONG

C AN THE SAME FINITE ELEMENT CODES and solvers used to simulate car crashes and engine heat 
dissipation be used to model how we see things? This question was settled when a team of researchers from the 
Geneva, Switzerland-based startup Kejako, an ophthalmology solutions developer, decided to build a parametric 
model of the human eye and tackle something we all face as we grow old: loss of focus.
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geometric and material changes,” write Kejako researchers.
 The parametric optomechanical eye model, as Kejako calls 

it, is the next step. This involves the use of COMSOL Multi-
physics’ CAD Import Module, Structural Module and Nonlin-
ear Structural Materials Model. To model how the retina works, 
users deploy the Ray Optics Module.

 Ray tracing—a method commonly used in rendering software 
to calculate and simulate light ray bouncing—is the key to simu-
lating how light interacts with the retina. “The central part of the 
retina was modeled with concentric subdivision corresponding to 
the optical resolution of the human eye,” according to the paper. 
“These subdivisions were all associated with optical walls having 
accumulative light deposit properties. The more the rays stop 
at the center of the retina, the more the value of the integrative 
score-function characterizing the acuity increases.”

 COMSOL Multiphysics released its first software in 1998. 
It offers a multiphysics simulation suite, with modular add-ons 
that can be assembled to fit the user’s needs (for example: add-
ons for Structural Mechanics, High and Low Frequency Elec-
tromagnetics, and Fluid Flow). The software has LiveLinks to 
communicate with industry standard CAD modeling packages.

Parametrically Adjustable
The advantage of the parametric setup is the ability to account 
for an individual patient’s unique eye features. To account for the 
geometry of the eye’s components, the standard imaging data 
will be used to update the CAD model, according to David Enf-
run, co-founder and CEO of Kejako.

 “Everything related to the material model is fully parametric 
in our COMSOL model and will be updated in COMSOL with 
biomechanics data. Today it’s derived from statistical data; it will 
soon come from in vivo measurement data,” Enfrun says. 

“Today in vivo imaging technologies for ophthalmology are 
diverse, but none of them ensure complete practical clinical mea-
surements,” researchers remark in the paper. “Due to the limita-
tions in MRI (magnetic resonance imaging) and OCT (optical 
coherence tomography)—two common methods for eye imag-
ing—most of the in vivo imaging of the eye must be corrected 
and extrapolated. Moreover, the in vivo measurements of some 
material properties such as the stiffness (for UBM [ultrasound 
biomicroscopy] correction) or the refractive index (for OCT cor-
rection) remains difficult,” the paper notes.

 On the other hand, a parametrically adjustable eye model 
offers the ability to use patient-specific input values to simulate 
the behavior of the defect. The model can also be used to try out 
various surgical and treatment options to assess the effectiveness.

 The key to simulating and treating presbyopia using the 
model rests with the GRIN value. “The GRIN is necessary to 
have the exact optical behavior of the patient eye. Then, with the 
appropriate GRIN value, we will be able to simulate the expected 
outcomes of any surgery/modification. Finally, the GRIN value 
could be one target of modification during some procedure so it is 
necessary to have an accurate simulation of it,” Enfrun says.

Challenges Met
Published medical literature offers a wealth of resources to 
map out the dimensions of the human eye, but identifying 

the specific values needed for the parametric model was time-
consuming, Enfrun recalls. 

“Calibrating the model was the first challenge because the 
model needed to be validated with real-life data coming from 
actual measurement,” he says. “The most challenging part 
was finding the best mechanical representation of the eye bi-
ology and the best material models.”

Licensed to See
Kejako has been using the digital eye model internally for re-
search to better understand the occurrence of presbyopia and 
to test any potential solutions. 

“This computational modeling is the basis for our medical 
device development and validation before going to any clini-
cal trial,” Enfrun says. “Thanks to our model, we reached the 
in-silico proof of concept of the treatment and consequently 
we decided to develop the concept of Phakorestoration [a 
method for restoration of accommodation amplitude].”

 Now, the company is looking to expand the model’s use 
through licensing. “We will start by making the calculation 
for surgeons and eye clinics and will invoice them a license 
fee per case. In a second step, we will evaluate on a case by 
case basis to see if we can license specific applications to 
medical equipment manufacturers,” Enfrun says. 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.

Mesh of the 3D eye model created using COMSOL 
software.

INFO ➜ COMSOL: COMSOL.com

➜ Kejako: Kejako.com

For more information on this topic, visit DigitalEngineering247.com
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That surgery requires doctors to successfully locate the epilep-
togenic zone and remove part of the brain. However, the success 
rates for these surgeries have been stalled at roughly 50% to 60% 
for decades. Dr. Viktor Jirsa of The Virtual Brain project, and 
director of Research at the Centre National de la Recherche Sci-
entifique, as well as director of the Inserm UMR1106 Institut de 

Neurosciences des Systèmes (INS), has found a way to improve 
the identification of that epileptogenic zone using personalized 
brain models of patients, leveraging high-performance computing 
(HPC) resources to conduct large-scale brain simulations.

In two pilot studies involving 35 patients who had already 
undergone surgery, the simulation approach correlated the com-
puter-predicted zone with positive surgery outcomes. The clinical 
trial will help guide physicians as they plan to perform surgery on 
several hundred patients across a number of French hospitals.

“If the pilot data holds its promise, this will mean the first 
improvement in decades in terms of surgery outcomes for these 
patients,” Jirsa says. “That is the positive predictive power of 
The Virtual Brain approach.”

Jirsa’s project is just one example of how simulation and 
modeling are gaining ground in the healthcare industry. 

At the U.S. Food & Drug Administration (FDA) a number of 
efforts are underway to augment or potentially even replace ani-
mal testing or clinical trials with simulated trials. Eventually, that 
could mean medical device manufacturers could conduct much 
larger trials using thousands of virtual patients; in time, digital 
twins of specific patients could be used to simulate potential treat-
ments both in clinical trials and in the hospital environment.

These efforts rely heavily on the use of HPC resources at 
private and public institutions.

Simulation and Certification
Tina Morrison, deputy director, Division of Applied Mechanics, 
Office of Science and Engineering Laboratories, Center for 
Devices and Radiological Health, at the FDA says computational 
modeling has emerged as an important source of evidence when it 
comes to proving out new devices and treatments.

In addition to simulating the performance of a medical de-
vice, simulation and modeling could be used for assessing the 
safety of devices prior to clinical studies, to refine and augment 
clinical studies, and be used in clinical settings to help guide 
treatment decisions. “In theory, you could simulate a patient-
specific anatomy using several different heart stents, and identify 
the one that would work best for the patient,” Morrison says. 

Scientists can simulate actual medical devices, as well as anat-
omy, physiology, chemical toxicology and the manufacturing of 

Simulating Humans
HPC-backed in silico simulation could fuel the next revolution 
in clinical studies and treatment development.

BY BRIAN ALBRIGHT

IN JANUARY, a team of researchers in France launched 
a clinical trial that could potentially revolutionize 
the treatment of epilepsy. While many epileptics can 
be treated with medication, roughly one-third of 

patients suffer from pharmacoresistant epilepsy that requires 
neurosurgery to control.

Dassault Systèmes’ Living Heart Project brings the power 
of simulation to cardiac professionals. Images courtesy of 
Dassault Systèmes.
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3D-printed devices. This could potentially increase innovation 
in the medical device and treatment space.

“With bench testing or animal testing, you have to minimize 
the number of design options to choose from because the test-
ing is so costly,” says Steve Levine, chief strategy officer for soft-
ware vendor Dassault Systèmes’ SIMULIA simulation software 
division. “Virtual testing opens up a whole world of innovation 
in the medical device field, because now you can generate an un-
derstanding of how the product will work in the context of the 
clinical condition it is targeted for.” 

That extends into diagnostics. “You can really connect the 
dots between the people who are creating the solutions and 
those administering them,” Levine says. 

The FDA has already used virtual human body models for 
electromagnetic, thermal and fluid dynamic simulations in eval-
uating more than 200 device submissions. Simulation has also 
been used to predict wear or corrosion in total hip replacement 
implants. According to Morrison, simulation has also been used 
to augment clinical trials for drug companies that want to more 
quickly test out new regimens for existing products. 

By transitioning to in silico trials, companies could poten-
tially not only save millions of dollars (a typical clinical trail costs 
$50,000 per patient), but also create experiments that are far 
more expansive. A virtual clinical trial could include thousands 
of patients and be conducted in just a few months.

Virtual Body, Organ Models 
To help move healthcare simulation forward, a number of 
organizations have been developing virtual models of the human 
body and specific organs. Dassault’s Levine has played a key role 
in the company’s Living Heart Project, for example.

Levine’s own daughter was born with a rare heart defect, and 
has been living with a pacemaker since she was a toddler. It was 
this experience, and his frustration at the lack of data available 
to help improve his daughter’s treatment, that partly led to his 
entry into this particular field of biomedical simulation.

“We have sophisticated models that can represent an entire 
10,000-part airliner on a computer, but for something like the 
human heart we have these very simplistic models,” Levine says. 
“After researching the problem, we realized that a lot of it came 
down to the fact that the science of modeling the human body, 
everything was in very small pieces. Researchers in individual 
specialties had a lot of knowledge, but there was no vehicle to 
put them all together.”

Dassault Systèmes gathered this data, and used it to create a 
realistic model of the heart that includes the ability to simulate 
electrical activity, mechanics and blood flow. First unveiled in 
2015, the Living Heart is now available through the company’s 
3DEXPERIENCE cloud platform.

With the model, users can convert a 2D scan of an individual 
heart into a personalized, fully-functional model that can be 
used to simulate the effects of pacemakers and surgeries.

The FDA is partnering with Dassault to help make sure the 
Living Heart can be safely integrated into treatment programs. 
The Living Heart was also used to simulate detailed drug in-
teractions that affect organ function — researchers at Stanford 
used the solution for a model that can help pharmaceutical com-

panies test drugs for the risk of inducing cardiac arrhythmias.
These complicated, multiphysics simulations still take time. It 

can take eight to 10 hours to simulation three cardiac cycles. A full 
CFD simulation can take 24 hours to create a few heartbeats.

The EU’s Human Brain Project is another platform that has 
emerged to help researchers gain new understanding of how 
the body functions and develops. Jirsa’s Virtual Brain has also 
partnered with this project. Remember those snap-together Vis-
ible Man/Visible Woman models they used to sell at toy stores? 
There are now a number of virtual “Visible Human” projects 
aimed at simulating the entire body. Among them are the Visible 
Human Korean project, the U.S. National Library of Medicine’s 
(NLM) Visible Human Project, the Virtual Human Embryo at 
Louisiana State University and several others.

The NLM Visible Human Project has created a complete, 
anatomically detailed 3D representation of male and female bod-
ies obtained from scans of cadavers. Those models have been used 
for equipment design and surgical and diagnostic simulations.

Using these models, researchers can overcome some of the 
limitations of real-world clinical trials, because they can test on a 
virtually unlimited population of patients. However, that means 
that there needs to be a way to realistically represent disease states 
in that population. One way to do that is to use retrospective stud-
ies. If the simulations can reproduce those results, then machine 
learning can be leveraged to create what Levine says would be “a 
vast array of digital human disease states,” for use in trials.

“All of these problems are approachable,” Levine says. “We 
have the technology to figure it out and represent it.” 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.

INFO ➜ Dassault Systèmes: 3DS.com

➜ FDA: FDA.gov

➜ Human Brain Project: humanbrainproject.eu

➜ The Virtual Brain Project: thevirtualbrain.org

This article was excerpted from the November 2018 issue of HPC 
Leading Edge: HPCLeadingEdge.com. 
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Dassault Systèmes’ Living Heart Project allows anyone to 
be�er visualize and understand how the heart functions. 
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Finalists Compete to 
Enable Mobility
Toyota Mobility Foundation, in partnership with Nesta’s Challenge Prize Centre, 
has announced �nalists in the $4 million global Mobility Unlimited Challenge.

Moby: Italdesign (Italy) is an 
integrated network of wheel-
on powered devices, allowing 
users of manual wheelchairs the 
convenience and bene�ts of a 
powered chair, accessible via an 
app-based share scheme.

Phoenix Ai Ultralight Wheelchair: 
Phoenix Instinct (United Kingdom) 
is an ultra-lightweight, self-
balancing, intelligent wheelchair 
which eliminates painful vibrations.

INFO ➜ Toyota Mobility Foundation : 
toyotamobilityfoundation.org

➜ Nesta’s Challenge Prize Centre: 
challengeprizecentre.org

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

Quix: IHMC & MYOLYN (United 
States), is a highly mobile, powered 
exoskeleton offering fast, stable 
and agile upright mobility.

The Evowalk: Evolution Devices 
(United States), is a smart wearable 
leg sleeve that helps people with 
partial lower limb paralysis regain 
mobility. The EvoWalk AI system 
uses sensors to predict the user’s 
walking motion and stimulates the 
right muscles at the right time. 

Qolo (Quality of Life with 
Locomotion): Team Qolo, University 
of Tsukuba (Japan) designed a mobile 
exoskeleton on wheels, allowing 
users to sit or stand with ease.

F IVE FINALISTS in a three-
year Mobility Unlimited 
Challenge were unveiled at 
CES in Las Vegas last month. 

The Toyota Mobility Foundation 
launched the $4 million global challenge 
in 2017 in partnership with Nesta’s 
Challenge Prize Centre, with the aim of 
improving the lives of millions of people 
with lower-limb paralysis. Each of the 
finalists will receive a grant of $500,000 
to develop their concept further, with 
the final winner receiving $1 million in 
Tokyo in 2020. 

Images to illustrate the concepts 
were designed by Simon Mckeown with 
Craig McMullen.
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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.

BOXX Technologies’ new generation 
of workstations are primed for design 
jobs. BOXX’s S-class APEXX worksta-
tion line offers customizable models, 
the APEXX S3, APEXX Enigma S3 
and APEXX S1. They’re built for the 

tools you use. Trick them out with 
NVIDIA or AMD Radeon Pro profes-
sional-level graphics processing units 
and huge amounts of storage.
MORE ➜ DigitalEngineering247.
com/r/22065

Overclocked Workstations for CAD, 3D Modeling, More
BOXX debuts its next-generation S-class APEXX workstations with overclocked 
9th-Gen Intel CPU.

Get Metal 3D Parts Right the First Time
New suite could help engineering departments and 3D printing bureaus 
shorten time frames.

The goal of the ESI Additive Manu-
facturing simulation suite for metal 
AM development is to help you get the 
right 3D prints on your first try. That 
includes precise material performance 
levels required for certification or qual-
ification in regulated industries. The 

suite should help accelerate AM part 
development and lower development 
costs by virtually eliminating hardware 
prototype expenses. Broadly, this all 
means an unbroken data flow.
MORE ➜ DigitalEngineering247.
com/r/22024

3D Printers Offer 24/7 Metal Production
New additive manufacturing systems for volume production with repeatable results.

3D Systems broadened its DMP (Di-
rect Metal Printing) platform series 
with its new DMP Flex 350 and DMP 
Factory 350 metal additive manufactur-
ing systems. The DMP platform is en-
gineered to provide volume production 
of critical components whether you’re 

talking aerospace, transportation, 
healthcare or R&D. Volume production 
also means 24/7 operations, repeatable 
results, quick turnarounds between 
builds and fast art to part.
MORE ➜ DigitalEngineering247.
com/r/21994

Laptop to Power Through Intense Jobs Anywhere
NVIDIA graphics combined with Intel’s new processor generation make mobile 
workstation brawny.
Eurocom’s Tornado F7W Mobile 
Workstation is configurable to run 
multi-core/multi-threaded Intel Xeon, 
Core i7 or Core i9 CPUs. The mo-
bile workstation accommodates up to 
128GB of RAM and as much as 22TB 
of storage. There’s a choice of 17.3-in. 

FHD or UHD (4k) displays; it supports 
four external screens. The Tornado 
F7W also features built-in security 
enhancements, as well as multiple and 
various expansion ports.
MORE ➜ DigitalEngineering247.
com/r/21947
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NEW PRODUCTS 
FOR ENGINEERSTOOLS OF THE MONTH

1

2 4

1CoreTechnologie’s 4D_Additive 
Manufacturing Software Suite can 

be used to prepare CAD models for 
various 3D printing methods. CAD data 
from CATIA, NX, SolidWorks, Creo, 
STEP or JT is read by native interfaces 
and processed as B-Rep geometry, 
including all contained product manu-
facturing information. This provides the 
ability to analyze, repair and prepare the 
3D models according to CAD engineer-
ing standards.
CoreTechnologie.com

2MakerBot’s  Method 3D printer 
is designed to meld industrial 3D 

printing capabilities like dimensional 
accuracy and high-speed output with 
the user experience and price points 
that defined early MakerBot models. 
Priced at $6,499, it is aimed at profes-
sional design engineers along with the 
education market. It features a circulat-
ing heated chamber, dual performance 
extruders, PVA dissolvable supports, 

a dry-sealed material bay and a rigid 
metal frame.
MakerBot.com

3Siemens PLM Software’s latest release 
of Active Workspace 4.1 targets 

the areas of Bill of Material (BOM) 
management, systems engineering and 
virtual reality. It makes it easier to tailor 
the Active Workspace user interface to 
specific business needs or processes. 
From any web browser on a smart 
device, or using MCAD or Microsoft 
Office as the user interface, people can 
access the product information and pro-
cesses they need. By leveraging Active 
Workspace, it’s easier to use BOM 
management in Teamcenter 12.1 and 
11.6, according to the company. The 
new Teamcenter Classification AI (arti-
ficial intelligence) module improves the 
overall classification experience to help 
you more effectively work through large 
amounts of unclassified data with AI 
supervised learning. With Teamcenter 

Visualization, Siemens PLM has made 
virtual reality (VR) accessible to design 
engineers using “Go VR.” 
Siemens.com/PLM

4EOS has introduced the Integra P 
400 polymer additive manufactur-

ing system. The system aims to improve 
part quality, production speed, service-
ability and material flexibility. The 
Integra P 400 addresses the challenges 
of new polymers—such as highly-loaded 
composites, elastomerics and high-temp 
polymers—with features like a dual-roll-
er recoating system for material delivery 
and an 8-zone quartz heating system for 
a wide, but precise, temperature range 
of up to 572°F (300 C°). 
EOS.info

5Granta Design’s GRANTA MI Version 
12 includes capabilities to manage 

materials data, ensure traceability and apply 
it in design and simulation, all of which 
may be helpful for additive manufacturing 

3
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(AM). The latest release also helps users to 
assess and ensure regulatory compliance, 
while enhanced integration with PLM and 
CAD enables the deployment of accurate 
materials definitions throughout the prod-
uct lifecycle. The library of materials refer-
ence data available with GRANTA MI has 
also been updated. 
GrantaDesign.com

6SimScale has released a new GPU-
based solver using the Lattice-

Boltzmann method (LBM), which pairs 
accuracy with speed and is accessible 
via cloud, according to the company. 
Partnering with Numeric Systems GmbH 
to develop this feature through the tool 
Pacefish, the cloud-based simulation com-
pany says it has reduced running times 
for transient simulations from weeks and 
days to hours and minutes. Developed by 
Numeric Systems GmbH, Pacefish is a 
new implementation of LBM tailored to 
the parallel architecture of GPUs. 
SimScale.com

7Canon has developed a new propri-
etary ceramic material and 3D print-

ing technology to create ceramic parts 
with complex geometries. The company 
says the new material will perform better 
than existing ceramic materials for 3D 
printing, which often contain resin and 
experience significant shrinkage during 
the post-annealing process. The alumina-
based material can be used with selec-
tive laser melting (SLM) machines and 
Canon’s new parts production solution. 
Global.Canon

8FELIXprinters recently expanded its 
3D printer portfolio with the new 

Pro 3 system. It incorporates automated 
motorized calibration; a quick-swap 
print-head solution; fast rotation of 
print heads in the dual head configura-
tion (less than 10 seconds); and a dedi-
cated flexplate, supplied as standard to 
easily and quickly remove printed parts. 
The Pro 3 also features a new touch-
screen module, with integrated print 

server. It is a small octacore computer, 
which provides a user interface, real-
time remote webcam monitoring, multi-
user control via a web interface, print 
file management, Wi-Fi and Ethernet 
connectivity, the ability to render 
g-code, plus the ability to create a time 
lapse of the print. 
FELIXprinters.com

5

6

7

8
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Predictive Maintenance Improves E�  ciency

Considering the aggressive time to market required for in-
dustrial products and services, it is crucial to identify the cause of 
potential failures before they occur. Emerging technologies like 
the internet of things, big data analytics and cloud data storage are 
enabling more vehicles, industrial equipment and assembly robots 
to send condition-based data to a centralized server, making fault 
detection easier, more practical and more direct.

By proactively identifying potential issues, companies can 
deploy their maintenance services more effectively and improve 
equipment uptime. The critical features that help to predict faults 
or failures are often buried in structured data, such as year of pro-
duction, make, model, warranty details as well as other unstruc-
tured data. The other data comprises information from millions 
of log entries, sensors, error notifications, pressure, currents, volt-
age, odometer readings and engine power torque specifications.

By generating advanced data analytics, these numbers can 
be turned into meaningful and actionable insights for proactive 
maintenance of assets, thereby preventing incidents that result in 
asset downtime or accidents. Called predictive maintenance, this 
scientific procedure enables organizations to forecast when or if 
functional equipment will fail so that its maintenance and repair 
can be scheduled before the failure occurs.

Due to higher IT spending by companies looking to optimize 
operating costs and increase profitability, North America will con-
tinue to be the biggest market for predictive maintenance soft-
ware. With an estimated market share of 31.67%, North America 
is expected to grow at a compound annual growth rate of 24.5%, 
maintaining its lead from 2017 through 2022. Key players include 
Bosch, GE, Hitachi, Honeywell and Rockwell Automation.  

Increasing Product Availability  
The underlying architecture of a preventive maintenance model 
is fairly uniform. The analytics usually reside on a host of IT plat-
forms, but these layers are systematically described as:

• data acquisition;
• data transformation—conversion of raw data for machine 

learning models;

• condition monitoring—alerts based on asset operating limits; 
• asset health evaluation—generating diagnostic records based 

on trend analysis if asset health has already started declining;
• prognostics—generating predictions of failure through ma-

chine learning models, and estimating remaining life;
• decision support—recommendations of best actions; and
• human interface layer—making all information accessible in 

an easy-to-understand format.
Failure prediction, fault diagnosis, failure-type classification 

and recommendation of relevant maintenance actions are all part 
of a predictive maintenance methodology.

Predictive maintenance solutions will gain more traction as in-
dustrial customers become aware of the growing maintenance costs 
and downtime caused by unexpected machinery failures. 

The bigger players have been using predictive maintenance for 
more than a decade. Small- and medium-sized companies in the 
manufacturing sector also can reap its advantages by keeping repair 
costs low and meeting initial operational costs for new operations.

Although it evidently offers more business benefits than cor-
rective maintenance, predictive maintenance is also a step ahead 
of preventive maintenance, as maintenance work is scheduled at 
preset intervals to reduce the probability of failure or the degrada-
tion of an asset’s functions.

Gain the Benefits of Predictive Maintenance
In addition to the advantages of controlling repair costs, avoiding 
warranty costs for failure recovery, reducing unplanned downtime 
and eliminating the causes of failure, predictive maintenance em-
ploys nonintrusive testing techniques to evaluate and compute asset 
performance trends. 

The continuous developments in big data, machine-to-ma-
chine communication and cloud technology have created new 
possibilities for deriving information from industrial assets. 
Condition monitoring in real time is viable thanks to inputs 
from sensors, actuators and other control parameters. What 
stakeholders need is a bankable analytics and engineering ser-
vice partner who can help them leverage data science not only 
to predict embryonic asset failures, but also to eliminate them 
and take action in a timely manner. DE

 Dr. Sean Otto currently leads business development for Cyient’s 
Advanced Analytics team (cyient.com), focused on designing artificial 
intelligence and machine learning models to improve the functionality 
and reliability of equipment and systems in healthcare. 

EQUIPMENT MANUFACTURERS; engineering, 
procurement and construction (EPC) companies; as 
well as power and process plant owners and operators 
have the common challenge of keeping their fleet, 

machinery and other assets working efficiently, while also 
reducing the cost of maintenance and time-sensitive repairs. 
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Developing the 5G mobile network may not be the only 
step to a fully functioning Internet of Things, but it is an 
important one — and it comes with substantial performance 
requirements. Simulation ensures optimized designs of 
5G-compatible technology, like this phased array antenna.

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

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

IoT calls for fast communication between sensors.
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