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In this LIVE online roundtable moderated by DE’s Senior editor  
Kenneth Wong, industry experts discuss:

www.digitaleng.news/de/ar-vr

DE EDITORIAL WEBCAST DISCUSSION SERIES — 
INSIGHTS, INSPIRATION AND INFORMATION

For years designers and engineers have worked in 3D modeling and simulation applications with 
immersive, photorealistic visuals that can mimic reality. The affordable AR-VR gear and hardware that have 
recently emerged promise to bring the missing piece—a sense of touch—into product development.

Register Today!

AUGUST 23, 2018 @ 2 pm ET / 11 am PT

• bringing CAD data into the AR-VR pipelines;
• adopting entertainment and game technologies for product development;
• rethinking simulation and validation to incorporate haptic (touch-enabled) technologies.

Attendees can submit their questions during the question and answer session!

Simulating 
Reality with 
a Touch of 
AR-VR

Incorporating Haptic Devices into 
Product Design and Validation

Image Courtesy: Getty Images/
Monkey Business Images
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Inside the tent was a cage. Inside the cage was a woman. 
She looked like she had recently been living in the wild—
messy hair, tattered clothes smudged with dirt. She was pac-
ing, hunched over, agitated. People were crammed in, shoul-
der to shoulder, murmuring and laughing nervously. My gang 
of tweens and I were too short to see over them, so we sidled 
our way to the front. The carny called for quiet, explained 
the woman’s freak-of-nature, evolution-gone-wrong back-
story and warned expectant mothers or anyone with a weak 
heart to leave. Then he began to put the girl into a trance 
that would facilitate her transformation. A hush fell over the 
crowd as he chanted to the beat of bongos. 

For a few tense moments, nothing happened, and then, right 
before our eyes, the woman straightened up and screamed as her 
body seemed to shift and sprout hair. Her scream turned into a 
roar as the lights dimmed then flashed, and fog rolled in. The 
woman appeared to be replaced by an ape, and it was angry. We 
heard the sound of an electrical short and white smoke began to 
fill the tent as the gorilla banged on the bars of its cage. Some 
people in the crowd were already screaming and running, but 
the mass exodus didn’t occur until the cage’s door gave way and 
the beast sprang out, thumping on its chest.

The Importance of an Immersive Experience
The ape-girl illusion is a classic by carnival sideshow standards. 
If there aren’t virtual reality versions of it yet, there should be. 
My friends and I had a shared experience, even though the 
event we were experiencing wasn’t real. From that perspective, 
it wasn’t much different than today’s multiplayer video games 
or sharing designs in a virtual environment. 

As immersive design technologies continue to improve 
via foundational advancements in wireless bandwidth, battery 
life and haptic feedback, current (and amazing) visualization 

technologies will continue to become more affordable and ac-
cessible. It’s already possible for any design engineering team 
to use visualization technologies to catch system design errors, 
determine surface finishes, see what a model looks like in its 
intended environment, test ergonomics and gauge end users’ 
reactions to a design. You may think of the last point as being 
the domain of the marketing department, but—just as technol-
ogy advancements have brought other disciplines closer to-
gether—visualization technologies are expanding and merging 
previously siloed product design and development workflows. 

Don’t Fear the Future
In the near future, computer-generated imagery will be nearly 
indistinguishable from the real thing. Immersive technologies 
like augmented and virtual reality, photorealistic rendering and 
even the artificial intelligence assistant that Google demon-
strated live at its developer conference in May already have the 
ability to fool us. Google Assistant called and made a haircut 
appointment, mimicking a human voice and responding to 
questions so well that the person on the other end of the phone 
apparently had no idea they were not talking to an actual per-
son. It caused quite a bit of concern about AI’s ethical and social 
implications.

Like any tool, those responsible for creating immersive 
environments can and will misuse them, as even a casual 
perusal of the many debunked or verified images and videos 
on snopes.com will show. The “don’t believe everything you 
read” mantra of previous generations has already grown to 
encompass photos, audio and video. After this initial wave of 
gullibility passes, people will become more skeptical, more 
apt to look a bit harder at that gorilla to see the mask and 
seams of the suit. We shouldn’t let fear of misuse impede the 
many societal benefits of immersive technologies. 

It may seem natural for engineers to look at visualization as 
something less than CAD, as not true geometry, and therefore 
not as important. However, the power of an immersive, shared 
experience to promote collaboration and inform design should 
not be underestimated.  DE

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

Experiencing Is Believing

G IRL TO GORILLA!” the banner across the 
carnival tent proclaimed. “See a beauty 
transform into a raging beast, right before 
your eyes,” a barker shouted as he sold 

tickets. Despite already having parted with much of our 
precious allowance for admission into the county fair, my 
friends and I forked over more to see the “real, live, ape girl.”

“
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Worldwide shipments for augmented reality (AR) 
and VR headsets will grow to 68.9 million units in 
2022—25 million of which will be AR headsets—
with a five-year CAGR of 52.5%.

— “Worldwide Quarterly Augmented and Virtual Reality 
Headset Tracker,” IDC, March 2018

Almost 10% of industrial smart glasses and 
standalone VR devices will have a next-generation 
wireless 5G connection by 2026.  

—  “Augmented and Virtual Reality Device Connectivity,”  
ABI Research, July 9, 2018

Virtual & Augmented Reality Growth

The global virtual reality (VR) market was valued 
at approximately USD 2.02 billion in 2016 and is 
expected to reach approximately USD 26.89 billion 
by 2022, growing at a compound annual growth rate 
(CAGR) of around 54.01% between 2017 and 2022.
— “Virtual Reality (VR) Market by Hardware and Software,” Zion 

Market Research, October 2017

$2.02B

2016        2022

$26.9B

54
% CAG

R

8M
2017        2022

68.9M

52
.5%

 CAG
R

Technology Form Factor
2018  

Forecast
2022  

Forecast
Augmented Reality Screenless Viewer 6.7% 1.1%

 Standalone HMD 2.4% 19.1%

 Tethered HMD 1.0% 17.9%

Virtual Reality Screenless Viewer 34.9% 8.8%

 Standalone HMD 11.7% 29.8%

 Tethered HMD 43.3% 23.3%

Standalone and tethered AR head-mounted displays 
(HMDs) will account for more than 97% of the AR market 
by 2022. Consumers will account for most VR headset 
shipments throughout the forecast, but commercial users 
will grow to nearly equal status in 2022.

— “Worldwide Quarterly Augmented and Virtual Reality Headset 
Tracker,” IDC, March 2018

Headset Market Share by Form Factor 

10%

5G and VR, FYI
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Over $5 billion of add-in boards shipped in the first quarter of 2018. 
— Quarterly Add-in Board Report, Jon Peddie Research, May 2018

Graphics Processing 

3D Rendering

•  Capitalize on  
Digital Disruption

• Computing
•  Immersive Design
• Simulation
•  Ever-Growing  

Repository

The Design 
Engineer’s

Guide 
through the

 Digital 
Disruption

To Learn More 
Go To:

www.APDRC.com

The global visualization and 3D rendering market size is projected to 
reach $5.63 billion by 2025, progressing at a CAGR of 22.5% between 
2018 and 2025.

— “Visualization and 3D Rendering Software Market Size, Share & Trends Analysis 
Report By Application,” Grand View Research, March 2018

$5.63B by 2025

$5,000,000,000

Quarter-to-quarter graphics board shipments increased 6.4% with an 
increase of 66.4% year-to-year.

— Quarterly Add-in Board Report, Jon Peddie Research, May 2018

Market Share

      2017  Q1 2018       2017   Q1 2018

27.5%
34.9%

72.5%
65.1%
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Engineering Conference News 

ROAD TRIP

“When something big is happening, 
you need to put a name on it, and I think 
something big is happening,” said Charles 
as he introduced the “Industry Renais-
sance” theme of the Dassault Systèmes 
3DEXPERIENCE Forum June 19-21 in 
Boston. “The leaders of tomorrow will be 
those who are creating new categories of 
solutions, or new categories of services or 
new categories of companies. The losers 
will be the companies trying to digitize 
the past. That’s why I believe we’re far 
beyond digitalization. It’s about a renais-
sance: society, industry and experience. 
The product is not enough anymore. The 
value is in the usage of the product—
that’s the experience.”

We all know large enterprises that 
are being disrupted by the possibilities 
of technological innovation. The trans-
portation industry is looking for ways 
to capitalize on electric powertrains and 
autonomous technologies. The energy 
sector is finding new service models 
based on data. The consumer products 
sector is trying to take advantage of 
new supply chain efficiencies and sales 
channels. Manufacturers across the 
spectrum are trying to make use of ar-
tificial intelligence and new processes, 
including additive manufacturing, to 
improve how products are made. The 
list goes on and on.

But none of those are the biggest 
challenge Dassault Systèmes is help-
ing its customers meet, according to 
Charles. “In many companies the top 
executives don’t get it,” he said. “They 
don’t understand what’s happened. 
That’s our biggest challenge today.” DE

Dassault Systèmes Looks  
Beyond Digitalization
BY JAMIE GOOCH

I F YOU’RE TIRED OF HEARING 
about digitalization, Bernard Charles, 
president and CEO of Dassault 
Systèmes, has some good news for you: 

Digitalization is so yesterday.

The discussions at the Dassault Systèmes Additive Manufacturing Symposium, part 
of its Science in the Age of Experience conference that took place in Boston in June, 

followed the same trend line as those at the Additive Manufacturing Users Group and 
RAPID events held in April: AM is real and ready. Or, when it comes to design for additive 
manufacturing and certification, almost ready.

“A lot of discussions today have felt like popping bubble moments,” said Sean McCluskey, 
responsible for design optimization and special projects at Joby Aviation. “Here’s topology 
optimization, but let’s look at it for real. Here’s lattice development, but let’s pop that bubble 
and look at it for real. There are definitely issues with certifying additive, but these are not new 
issues … They take time. It’s the same problems we’ve had forever, we just need to address 
them on a much faster timescale for these new technologies.” 

One bottleneck has more to do with human cognition than technological challenges. New 
AM-related technologies are coming to market faster than people can learn and adjust design 
engineering workflows to include them.

MORE ➜ rapidreadytech.com/?p=12607

MORE ➜ digitaleng.news/de/?p=45130

Bursting AM’s Last Bubbles

Growth in HPC
BY RANDALL NEWTON

T HE JUNE ISC International 
Supercomputing Conference in 
Frankfurt presented attendees 
with a two-sided coin. 

Business is good for the high-per-
formance computing (HPC) industry; 
costs continue to drop and new soft-
ware tools increase HPC versatility. But 
there are some dark clouds on the near-
term horizon. Hardware constraints 
and talent shortages threaten to slow 
the pace of computational growth. The 
leading vendors and research institu-
tions are working to return to the days 
of ever-increasing computational power 
at ever-cheaper rates.

The Good News
HPC business is good because new 
software technologies like deep learn-
ing and artificial intelligence are find-
ing answers to difficult problems faster 
than ever before. From fighting disease 
to designing more efficient aircraft or 
perfecting extreme weather forecasting, 
HPC computing continues to make a 
difference.

The HPC market hit $24.3 billion 
in 2017, according to Hyperion Re-
search. Strong growth will continue in 
the industrial HPC sector, Hyperion 
says, driven by notable increases in 
real-time results, the ability to frame 
more intelligent questions, and the ex-
plosion of data available. “2018 will be 
known as the year of machine learning 
for bounded problems” in manufactur-
ing, says Hyperion’s Steve Conway.

The biggest challenge in the use of 
deep learning for manufacturing is the 
need for more algorithms.

MORE ➜ digitaleng.news/de/?p=45418
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Heppelmann, who’s been steadily 
and aggressively steering PTC beyond 
its 3D design software roots to cutting-
edge areas like the internet of things 
(IoT) and augmented reality, said the 
company is moving fast to enact change 
in the physical and digital worlds as 
well as in how humans interact with 
digital and physical things. PTC is 
moving its global headquarters to Bos-
ton’s Seaport, considered the city’s in-
novation hub, and as part of its journey, 

Heppelmann is now touting the PTC 
acronym not as the original Parametric 
Technology Corp., but rather as Pre-
pare to Change. That was underlying 
theme of Heppelmann’s June LiveWorx 
keynote address in Boston.

“Inertia is the main competitor be-
cause it’s the enemy of change,” he told 
the audience. “The world is changing 
in ways we didn’t anticipate—PTC is 
ready and willing to make changes hap-
pen at a blistering pace.”

In that spirit, Heppelmann made a 
series of announcements designed to 
advance PTC’s transformation. On the 
physical front, he touted fresh capa-
bilities in the newly released Creo 5.0 
in areas like additive manufacturing, 
topology optimization and simulation. 
The Creo Topology Optimization 
Extension, built into the software, au-
tomatically creates optimized designs 
based on a defined set of constraints 
and parameters. The tool is not only 

directly accessible in Creo, it automati-
cally creates B-rep geometry from the 
topology, which can be then be further 
modified parametrically, streamlining 
the overall workflow. “No more wasting 
time to recreate the geometry to match 
the optimized geometry in an external 
tool,” Heppelmann explains. DE

PTC Partners to Advance Pace of Innovation

P ARTNERS and the pace of inno-
vation—those were the primary 
talking points during the Live-
Worx 2018 keynote as PTC 

President and CEO Jim Heppelmann un-
veiled new industry collaborators along 
with capabilities in areas from simulation 
to smart manufacturing designed to ad-
vance what Heppelmann called the “new 
frontier of innovation.”

MORE ➜ digitaleng.news/virtual_
desktop/?p=14066

BY BETH STACKPOLE

As Las Vegas sizzled in a heat wave 
reaching above 100°F, Rollen appeared 
before a cool backdrop of snowy hill-
tops, projected onto the main stage 
inside the Sands Expo during HxGN 
LIVE in June.

“IoT is the avalanche of change bear-
ing down on us—there’s no safe haven 
from it,” he told the estimated 3,500 at-
tendees of HxGN LIVE (June 12-15, Las 
Vegas, Nevada), a conference devoted to 
Hexagon products and customers.

The real threat of IoT comes in the 
form of data—a data deluge that’s im-
possible for normal human processing.

The printing press, the internet, and 
IoT tipped the power scale toward data, 
Rollen told the HxGN LIVE audience.

“Data creation is outpacing data 

consumption,” he said. “But with IoT, 
it’s like opening the floodgate. Now you 
have machines producing data, and they 
never sleep. They produce data 24-7 ... 
Our brains are not made to cope with 
all this data.”

Technology, he suggested, may be 
one of the ways to level the playing 
field between the men and machine.

“We need to put a shield between us 
and data. This shield consists of artifi-
cial intelligence (AI), cloud orchestra-
tion, and edge computing,” Rollen sug-
gested. “Then we can dissect the data, 
make sense of it, and transform it into 
actionable information.” DE

A N AVID skier, Hexagon CEO 
Ola Rollen found the right 
metaphor for what businesses 
must do today to survive and 

thrive—take a big leap.

MORE ➜ digitaleng.news/virtual_
desktop/?p=14033

ANSYS and PTC have partnered to 
embed the ANSYS Discovery Live 
real-time simulation platform into 
Creo and other future products. 
Image courtesy of ANSYS.

Hexagon CEO Ola Rollen during his 
keynote at HxGN LIVE 2018. Image 
courtesy of Hexagon.

BY KENNETH WONG

Surviving the Big Data Avalanche in the IoT Era
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The Rise of Human-Interfacing Medical Sensors

W E’VE ENTERED AN ERA in which the internet of things, the age of big data and rising medical costs have 
joined forces to compel the healthcare industry to rethink the patient care model. This convergence has, in 
turn, prompted the introduction of a new generation of sensors and medical devices based on flexible hybrid 
electronics (FHE), a technology that delivers distinctive physical properties, form factors and functionality.

Proponents of FHE contend that the technology enables 
the healthcare industry to leverage personal medical data, 
shifting diagnostic assets from doctors’ offices and hospitals 
to the patient and the home. By conforming to various body 
profiles, wearable and human-interfacing medical sensors 
and diagnostic devices promise to deliver greater insight and 
enhance the quality of healthcare.

Just Getting Started
FHE-based medical sensors and diagnostic devices 
are relatively new to the market, with many pro-
viders still in the limited-production phase. For 
example, Tekscan (tekscan.com) has developed a 
force sensor built between two polyester film sub-
strate layers. The company has introduced a high-
temperature version of the sensor constructed with 
two polyamide layers and a conductive silver layer, 
followed by a layer of pressure-sensitive ink. The 
sensing area takes the form of a silver circle that sits 
on top of the pressure-sensitive ink.

Another example is the flexible epidermal bio-
sensing system being developed by startup Biolinq (biolinq.
me). The company says the system will determine a wearer’s 
dehydration level. Built on a substrate measuring 7x40 mm, the 
sensor consists of a printed/flexible electromechanical sweat-
sensing device that coexists on the unit with several other flex-
ible sensors. The system promises to assist users in determining 
the quantity and chemical composition of the fluids the user 
must ingest to avoid dehydration problems.

Flexibility Has Its Advantages
FHE-based sensors boast numerous selling points, most of which 
can be summed up as enabling better data collection. Foremost, 
flexible sensing devices that conform closely to the patient’s skin 
improve data transmission and accuracy. In addition, these sensors 
often sport small, thin form factor. As a result, they are more com-
fortable to wear and more likely to remain in place. These factors 
help ensure a continuous data stream from the patient.

Another advantage is that these flexible platforms can support 

multiple sensors, enabling the correlation of data from various 
sources. These promise to yield insights unattainable with single-
sensor systems. For example, research has shown that by examin-
ing heart rate and body temperature, healthcare professionals can 
more accurately predict susceptibility to certain types of viruses.

One example is the flexible sensor developed at the Univer-
sity of California, Berkeley, that provides continu-
ous data streams and enables real-time analysis of 
the chemicals in sweat. The sensor platform can 
detect glucose, lactate, sodium, potassium and body 
temperature. Using this data, the system could trig-
ger an alarm, indicating that medication is needed 
or that the user is becoming dehydrated.

In addition to promising improved data collec-
tion, the technology’s fabrication process removes 
barriers that have precluded the use of certain mate-
rials. FHE assembly can take place at temperatures 
below 100˚C. As a result, sensors can include com-
ponents that cannot survive traditional electronics 
assembly processes, which typically operate around 
230˚C. This opens the door for sensor manufacturers 

to include biomaterials, such as bacteriophages and certain pro-
teins, allowing the creation of entirely new types of sensors.

Remaining Hurdles
With these features, FHE-based sensors are well-positioned 
to make significant contributions in the healthcare arena, but 
many issues still must be resolved.

One challenge facing designers is to balance requirements for 
onboard signal processing, data processing and communications 
circuitry along with the need to keep the sensor thin and flexible.

Additionally, FHE providers must reduce the cost of their 
products. One way to do that is through roll-to-roll manufactur-
ing. Unfortunately, relatively few inks have been formulated for 
high-speed printing, and those that are available often require 
high deposit thicknesses and are relatively slow to dry. DE 

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

“FHE-based 
sensors are 

well-positioned 
to make 

significant 
contributions in 
the healthcare 

arena, but many 
issues still must 

be resolved.”
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But how successful are their initiatives?

Download Today!

LIVE Roundtable Discussion

Simulation Evolves  
for CAD Veterans

ON DEMAND!

• CAD-embedded simulation features
• App-style simulation tools
• Pros and cons of easy-to-use simulation software

Attendees can submit their questions during the question  
and answer session!

DE_6.21.18_Editorial_Webcast_ON_DEMAND.indd   1 7/12/18   1:07 PM



12  DE | Technology for Optimal Engineering Design         August 2018 /// digitaleng.news

FOCUS ON 
VISUALIZATION | VIRTUAL REALITY

From Solid Geometry 
to Responsive AR-VR 
The handshake between CAD and visualization engines proves 
critical to AR-VR development.

A BMW virtual driving experience powered by CAD data processed  
and visualized in Unreal Engine. Image courtesy of Unreal, Epic Games.

BY KENNETH WONG

IN 1998, EPIC GAMES released “Unreal,” a first-person shooter (FPS). The game environment was a richly textured virtual 
world where every rust-covered pillar, rocky cliff or cavernous cave seemed to have physical properties. Though rudimentary 
by today’s standards, the game included wooden crates that disintegrated when fired on, streams and creeks that flowed with 
radiation-bright water, and old warehouses lit with flickering torches. 
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The technology behind the game 
eventually became Unreal Engine, an 
interactive visualization environment 
available for licensing. The use of the 
engine is no longer confined to movies 
and games. Unreal Engine now pow-
ers, among other things, bus simulators, 
architectural visualization and digital 
twins of real museums.

“In an interactive environment 
like ours, developers can leverage the 
animation tools and physics engine 
to create kinematic behaviors. We’re 
starting to see a lot of people using the 
Unreal Engine for collaborative VR,” 
says Marc Petit, GM for Unreal Engine 
Enterprise, Epic Games. 

Twenty years ago, as FPS games 
went online, gamers jumped into Unreal 
Tournament to wage multiplayer battles 
against one another. Today, engineers 
and architects are remotely logging into 
virtual reality (VR) apps powered by the 
game engine, not for combat but for 
collaboration. As Petit sees it, game en-
gines are now the aggregation platforms 
where CAD, VR, sensor data and enter-
prise data intersect. 

Led by Automotive
The INFINITI QX50 is available for 
you to test-drive in the car dealer’s au-
thorized showrooms. But it’s also avail-
able as a VR experience, created by RE-
WIND, a VR content creation agency. 
“Unreal Engine allowed us to take that 
huge CAD model, get it into the en-
gine and make it run in real time,” says 
Solomon Rogers, founder and CEO, 
REWIND. “The challenge for the IN-
FINITI project was, not only can you 
see the outside of the car, but you can 
see every nut and bolt it’s made of. We 
had to find a way to bring in the exact 
car model, including nuts and bolts, into 
the game engine.”

For the data conversion, REWIND 
relied on Datasmith and Unreal Studio. 
“So what used to take three of four 
weeks for my guys, now just takes a few 
hours,” says Rogers. 

In July 2017, Epic Games released 
Datasmith, a tool kit for importing 
CAD data into the Unreal Engine. 
Previewed at the SIGGRAPH 2017 
Unreal Engine User Group, the debut 
version of Datasmith supported about 

20 popular CAD formats and standard 
3D formats, including CATIA, Siemens 
NX, SOLIDWORKS, Autodesk Inven-
tor, STL and STEP. 

“A lot of our customers use the 
Datasmith technology to automate the 
process of creating digital twins. Car 
companies are leading this,” notes Petit. 

Simple, Fast Conversion 
Germar Nikol and his colleagues at KIS-
TERS developed a 2D and 3D CAD file 
viewer called 3DViewStation. Recently, 
they decided to bring their product to the 
next level by updating it with VR functions.

The multiple steps required to bring 
automotive CAD data into VR can 
“take up to one week,” estimates Nikol, 
KISTERS’ director of 3D Visualization 
Technologies. “Since engineering data 
is changing all the time, you’d need to 
repeat these steps when you need to 
bring in an updated model again.” 

3DViewStation doesn’t use a game 
engine, but its own kernel for visualiza-
tion and VR display, Nikol says. “Our 
strength is that we can read all the native 
CAD file formats and standard 3D for-

The Unity game engine empowers VR experiences based on 
automotive design files. Image courtesy of Unity Technologies.
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mats instantly, and that we are bringing 
typical engineering functionalities like 
measurement, sectioning, wall thickness 
analysis and digital mockups to the VR 
environment,” he adds. The 3DViewSta-
tion runs on Windows Mixed Reality 
and Valve’s SteamVR platform. Com-
patible VR headsets include HTC VR, 
Lenovo Explorer, Dell Visor and HP 
Mixed Reality.

KISTERS’ viewer is available as a 
desktop program, a browser-based ap-
plication or a VR edition. “With our 
3DViewStation, you can load native 
CAD files directly,” says Nikol. “You 
can also perform batch processing 
using our desktop product and load 
the file—this will load much faster. 
You can use our desktop product to 
prepare data, like doing some analysis 
beforehand or making the model beau-
tiful for marketing, and store them as 
views inside the 3DViewStation file. 
Finally, you can also have the product 

lifecycle management (PLM) system 
drive the web viewing.”

The last method enables you to 
display metadata in the VR view, or 
use VR as a product configurator that 
brings up different variants and compo-
nents on demand, Nikol says.

From CAD to VR
3D CAD modeling programs used by 
engineers run on kernels that focus on 
geometry construction and precision, 
and less on photorealistic visualization. 
Therefore, most engineering-centric 
VR applications rely on game engines, 
such as Unity or Unreal, to enable vi-
sualization. The main issues in the 
CAD-to-VR pipeline are (1) the need 
to convert the CAD data into a game 
engine-compatible, VR-ready format 
and (2) the need to reduce the level of 
details in the rich engineering model 
into a lighter, nimbler model.

“Unity and all game engines use tes-

sellated surfaces internally rather than 
B-rep geometry, so there aren’t solids 
in a game engine,” explains Ed Martin, 
senior technical product manager at 
Unity. “Game engines and real-time 3D 
experience engines work with tessel-
lated data, so at some point in the pro-
cess before loading data to the graphics 
processing unit (GPU), the model 
needs to be tessellated.”

Unity’s bridge to CAD is a partner 
product called PiXYZ. “Most CAD data 
formats can be loaded into the Unity 
engine with PiXYZ,” says Martin. “The 
tessellation is performed as part of the 
process of importing and optimizing 
the data. There is always some inherent 
geometrical approximation whenever 
data is tessellated, but PiXYZ under-
stands the original CAD patches and is 
able to produce an excellent tessellated 
model that is accurate even where fine 
features exist in the original design.”

From CAD to AR
In immersive VR apps, the high-res 
photo-real imagery takes center stage. 
On the other hand, in AR, gesture-driven 
natural interaction takes precedence. The 
way you rotate a digital object using your 
fingers, or the way you poke a virtual but-
ton to activate certain operations—these 
generally define AR functions.

The biggest challenge of 3D CAD 
integration into an AR experience is 
“format compatibility,” notes Abraham 
Georgiadis, AR developer ManoMo-
tion’s UX designer. “I personally believe 
that since we are already following a 
format agnostic approach in other con-
tent cases, the 3D CAD format should 
be treated as such,” he says. 

The computer screen is simply not 
up to the task when it comes to merg-
ing pixels with reality. That’s something 
AR applications are better positioned to 
do, Georgiadis notes. Take automotive 
design, for instance. “Wouldn’t it be 
much more beneficial to project the de-
sign of a car in a real-world setting, like 
a garage or the road, and inspect it for 
the criteria that have been set?” he asks. 

 “We could take the next step and 

3DViewStation VR Edition works with CAD files and can be driven from 
PLM systems. Images courtesy of KISTERS. 
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test our initial assumptions ... Does this 
car have enough space for the driver 
to feel comfortable?” Georgiadis says, 
imagining the possibilities in AR. “Are 
the aerodynamics in place? What would 
happen if we swapped the model of the 
engine for the next one?” These tests 
are only possible if the human, the real 
environment and the digital design can 
share the same space—something AR 
can facilitate. 

Being Natural Takes Time
Although AR is introducing a more nat-
ural physical-digital interaction (using 
fingers, hands and eyes to interact with 
digital objects), ironically, for the gen-
erations already trained on mice and 
keyboards, the new paradigm may feel 
“unnatural” for a while.

“We now have multiple examples of 
positional tracking technologies, which is 
fundamental in AR. The next logical step 
is adding natural interaction with digital 
overlay,” says Georgiadis. That means, in 
AR, pixels defined as rubber, glass or steel 
would look, feel and react like those ma-
terials. With the use of physically-based 
rendering (PBR) materials in AR, the 
realism in the materials’ look is unprec-
edented, especially in the way they react 
to light. But the feel remains a puzzle for 
AR developers to solve.

Managing the Level of Details
Generally, the purpose of a VR model 
is to allow someone—a customer, cli-
ent or remote collaborator—to experi-
ence the design. Some essential details 
in the manufacturing CAD model (nuts, 
bolts, brackets and holes, for examples) 
are not critical for VR. Hence, the need 
to judiciously parse the CAD model in 
preparation for the VR session. 

With Unreal Engine’s scripting, 
users can specify that features below 
a certain threshold be removed (for 
example, holes with 0.5-m diameter), 
according to Petit. “So when the origi-
nal engineering file is updated, the au-
tomation script can kick off to execute 
the same routines to produce a new VR 
object,” he points out.

“PiXYZ can optimize a model to fit 
a target use case and device platform,” 
says Martin. “For example, an engineer 
sectioning a design in VR with a high-
end workstation will want a highly ac-
curate model with all interior details. 

By comparison, an AR car configurator 
running on a mid-spec smartphone 
will need the model stripped down so 
that hidden components are removed 
and surfaces decimated to maintain 
performance. PiXYZ provides features 
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to do all of these optimizations, and the 
process can be automated with scripted 
scenarios.”

As efficient as these algorithms 
and tools are, human judgment is still 
required. “The [CAD-to-VR] transfor-
mation requires decisions about how 
to optimize and reduce the amount of 
information, and those decisions are 
best done by humans who understand 
VR rendering hardware and software, 
as well as the use case for the simula-
tion,” says Matthias Pusch, head of 
global sales and marketing for VR col-
laboration app developer WorldViz. As 
he sees it, a one-click button that can 
account for the myriad conversion deci-
sions is highly unlikely.

Digging Up the  
Hidden Kinematics 
Most CAD assemblies have joints and 
connectors (welds, bolts or rotation, 
for example) that define the design’s 
possible movements and degrees of 
freedom. The VR models’ value in 
simulation and testing will signifi-
cantly increase when they can inherit 
their CAD ancestors’ mechanical be-
haviors. Reproducing the assembly’s 
kinematic behaviors with accuracy 
requires the VR program to have ac-
cess to this info, buried deep inside the 
CAD model.

“CAD programs like Autodesk 
Inventor or SOLIDWORKS don’t 
expose their constraints system,” Petit 
points out. If the original assembly is 
a plane’s landing gear, “we don’t have 
access, for example, to the hierarchy 
of constraints that define a landing 
gear’s motions. We’re talking to the 
vendors to let us have access to the 
constraints so we can reproduce the 
assembly motions,” he adds. 

For now, for the VR apps to re-
produce the original design’s kine-
matic constraints, “it often requires 
custom development in order to get 
the desired results,” says Pusch. “For 
WorldViz’s VR creation and collabo-
ration software Vizible, we’ve built 
inverse kinematics systems for various 
types of equipment so that people can 
come together in VR and realistically 
see how operating room equipment 
moves through a particular space.”

WorldViz uses the proprietary Viz-
ard simulation engine, which supports 
OpenSceneGraph and Python Script-
ing. The upcoming version of Vizard 
(due out in summer) will let users em-
ploy PBR shaders. It will also support 
the GL Transmission Format (glTF) 
for 3D models, according to Pusch. 
“Vizard has been around for 16 years 
as a workhorse for many industrial 
and academic R&D labs,” he adds.

SOLIDWORKS Visualize VR
In late 2017, SOLIDWORKS, one of the 
widely used mechanical CAD modelers, 
introduced a VR content publishing fea-
ture in its rendering program SOLID-
WORKS Visualize Professional. In the 
step-by-step blog post guide to using 
this feature, SOLIDWORKS Product 
Manager Brian Hillner wrote: “Visualize 
2018 allows you to create ‘360’ cameras, 
which render out a flattened-spherical 
image, changing how you design, de-
velop and deliver your products. This 
image can then be viewed with any VR 
headset—from HTC Vive all the way to 
even a $15 Google Cardboard.” 

As more design software makers 
consider their clients’ appetite for VR 
design reviews, they may begin adding 
easy VR-content creation tools into the 
modeling programs. 

Trained on the Digital Twins
J.C. Kuang, an analyst from Greenlight 
Insights, oversees an initiative that tracks 
roughly 100 enterprise AR-VR soft-
ware solutions providers to gauge the 
emerging market. He’s the author of the 
Greenlight Insights report titled “XR in 
Enterprise Training,” covering the use of 
AR-VR as safe, cost effective, engaging 
and efficient in training platforms.

“In Western Europe, traditionally 
the hotbed of manufacturing and lo-
gistics operations, we’ve seen signifi-
cant adoption of AR,” notes Kuang. 
Early adopters seem to focus on AR 
chat, remote assistance, remote expert 
help, augmented annotation and train-
ing, he adds.

“To some observers, it might appear 
that AR is only good for a handful of 
scenarios, but we see this differently,” 
says Kuang. “It means the market for 
enterprise AR is mature enough so that 
solutions providers have figured out 
the core things AR is best positioned 
to solve.”

Kuang also notes the rise of special-
ized solution providers, breaking away 
from general-purpose one-size-fits-all 
AR. “If you’re in logistics, you go to this 
AR provider. If you’re in food service, 

See how REWIND created a VR experience to promote the Infinity QX50 
by using the Unreal Engine in DE’s interactive digital edition: digitaleng.
news/de/August2018. 

de0818_Focus_VR_AR_Prototyping_Wong.indd   16 7/10/18   5:01 PM



digitaleng.news /// August 2018          DE | Technology for Optimal Engineering Design  17

you go to that one. If warehousing, then another one, and so 
on,” he explains. 

Some of the most sophisticated AR training applications 
are spearheaded by the military, according to Kuang’s re-
search. “The military would usually contract five or six differ-
ent component providers to help them build a virtual cockpit 
with ultra-high-res 4K textures with bespoke hardware that 
emulates switches and throttles. The goal is to supplement 
and eventually replace the traditional simulator rigs,” he says. 

A Short-Lived Window of Opportunity
The current CAD-to-VR pipeline and AR-VR apps publishing 
leave gaps for smaller, specialized vendors to operate in. But 
that window of opportunity may not remain open for long, 
Kuang warns.

“Some hardware makers will begin to develop their own 
software solutions to address the common use cases. That’s 
one way the industry might consolidate,” he says. “They’d 
want to be able to say they can provide you end-to-end AR, 
so you don’t need to go to a third-party provider. So these 
other providers need to use the time they have to uncover 
new usages, specialized applications that are too vertical to 
draw the hardware maker’s interest.”

Currently, many manufacturing firms think of implement-
ing digital twins after the fact, at the end of the design devel-
opment where the 3D assets are readily available. But Petit 
suggests another approach. 

“Do not wait till you need a digital twin to build one,” he 
says. “Build it into your design process, into your product 
data management system. Build the data preparation efforts. 
Then the value of the digital twin increases, because any time 
you want to, you can launch the digital twin.” 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 
VISUALIZATION | RENDERING

Motorola Mobility Red Phone by Helder  
Filipov, Vinicius Longo and Eduardo Bellesa

Helder Filipov, art director and head of Motorola 
Mobility’s Brand Experience Design (BXD); 

Vinicius Longo, 3D artist, BXD; and Eduardo Bellesa, 
CGI artist, BXD, are responsible for many of the 
iconic images the telecom provider uses to reach out to 
customers. The one shown here was modeled in Rhino 
and rendered in Luxion’s KeyShot.

“Our team partners with the industrial design group 
on creating the visual assets for every product launch,” 
says Filipov. “The designers usually create the 3D mod-
els in Rhino or [PTC’s] Pro-E [later renamed Creo], 
and they use KeyShot as a facilitator of the development 
process to quickly visualize the concepts and proposals 
generated.”

What guides the design team’s visuals is the need to 
“create the best representation of each surface, texture, 
shape, material and finishing for communication,” says 
Filipov. “The most helpful tool in KeyShot is the mate-
rial graph editor. With it, we can create and fine-tune 
the materials. This is the main feature we use to create 
realistic looking materials,” adds Longo.

What the BXD team gets out of Keyshot is usually 
“90% good to go,” according to Filipov. “The funda-
ments are all based on product photography and on 
crafting each tiny detail of every image we produce. Con-
sistency is also crucial for us, so every color-finishing mate-

rial needs to look the same in all views, which takes a lot of 
our efforts as well,” he points out.

RENDERINGS THAT FOOL   THE EYES AND MINDS
Digital artists discuss their tools and tricks.

BY KENNETH WONG

I F CAD AND SIMULATION are the tools to digitally 
conceive and test your design ideas, rendering and visual-
ization are the tools to win the hearts and minds of con-
sumers, clients and decision makers. In the last five or six 

years, ray tracing and physically accurate rendering technolo-
gies have significantly improved, making the graphics output 
virtually indistinguishable from real-world photography. In 
some cases, rendering allows you to visualize products long be-
fore any physical mockup is available for studio photography. 
The latest CPU and GPU horsepower now allows individual 
3D artists to use a standard workstation to create photoreal-

istic images that previously demanded the use of servers and 
clusters to render. 

Many automakers and consumer goods designers now rely on 
immersive visuals and renderings to communicate design ideas to 
consumers. Manufacturers have begun to make critical decisions 
on the material choices or surface styles based on renderings. It’s a 
testament to the way high-quality renderings can rival and mimic 
the integrity of professional photography. For this feature, we 
reached out to some 3D modelers and rendering artists to under-
stand their workflow, tools of the trade and the clever tricks they 
use to present pixels as tangible physical objects. 

Image courtesy of Motorola Mobility, 
motorola.com. 
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RENDERINGS THAT FOOL   THE EYES AND MINDS
The LandWhale by Stefan Berentzen

Berentzen used Autodesk 3ds Max to create the conceptual vehicle he dubbed 
The LandWhale. Primarily a 3D character artist, the vehicle design represents 

a departure from his usual work. “I think about the object’s functions too when I am 
designing something,” he says. “My main design idea is always to create something 
that looks as different as possible from the existing concepts, but also familiar at the 
same time because it retains certain recognizable elements.”

Berentzen says he sculpted The LandWhale by “blocking out the general shapes 
in 3ds Max and slowly adding the larger layers at first, then smaller forms.” Recount-
ing his workflow, he adds, “Later, I cleaned up [base blocks] with Modo MeshFusion 
to create soft blends between the shapes. For a few parts in the undercarriage, I used 
ZBrush to smooth the 3ds Max Boolean shapes. I added wrinkles and details to the 
chairs with ZBrush and later added as a map in 3ds Max.” He rendered the image 
with “procedural materials and HDRI lighting with Corona Renderer for 3ds Max.” 

Berentzen reveals he has amassed a lot of custom scripts and plugins to help with 
modeling inside 3ds Max and to automate repetitive, complex tasks. He favors 3ds 
Max because he can exchange data among 3ds Max, Modo and ZBrush effortlessly.

Image courtesy of Occult Art, occultart.com.
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Road to Perdition by Farooq Obaid

In 2013, Farooq Obaid founded AO-Interactive, specializing in 
architecture visualization, 3D animation and augmented reality, among 

others. A fan of the movie “Road to Perdition,” Obaid decided to recreate 
the rain-soaked atmospheric scene from the film in Autodesk 3ds Max. 
He used Substance Designer to create the 3D materials, and the Unreal 4 
game engine to light and render the scene.

“Lighting is very important for getting the best result,” says Obaid. “You 
can have a high-quality model and you can make good shaders, but in the 
end, if the lights are not set up properly, you will never be able to get the 
epic results. So I play with lights a lot, going back and forth, trying different 
[levels of] intensity and colors to get the balance right.”

Image courtesy of AO-interactive, ao-interactive.com.

Images courtesy of Joseph Hiura, Marvel Studios, news.marvel.com, via NVIDIA.

de0818_Focus_Visualization_Wong_Gooch.indd   20 7/12/18   1:21 PM



digitaleng.news /// August 2018          DE | Technology for Optimal Engineering Design  21

LIVE WEBCAST
ON DEMAND

How Metal Additive Manufacturing 
Delivers New Efficiencies in 
Lightweight Parts

Sponsored by

Brian Newbrite
Applications Engineer

3D Systems

Download Today!
Go to: www.digitaleng.news/de/lightweightAM

Experience hands on examples for 
weight reduction in metal parts

PRESENTER

The Black Panther Royal Talon  
by Joseph Hiura

At the NVIDIA GPU Technology Conference 
2018 in March, Hollywood set designer 

Joseph Hiura shared some of the renderings 
he created for a number of blockbuster movies, 
including “The Black Panther,” for which he was 
art director of vehicles. When designing the ships 
for the movie, he said using SOLIDWORKS 
Visualize with the new NVIDIA Iray AI-powered 
denoiser made the work a joy to do. 

“I get so frustrated with rendering software in 
that when you’re using them, every little move you 
have to wait a minute, two minutes to see what it’s 
actually going to be like,” he says. “With the de-
noiser on, I didn’t have to worry about that. I just 
went right through it.”

He says he showed a rendering of “The Black 
Panther” Royal Talon ship to Kevin Feige, presi-
dent of Marvel Studios, in a meeting, who immedi-
ately approved it. “When he saw this rendering, he 
said, ‘That’s going to be our ship,’ and that’s what 
we ended up doing.” 
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State-of-the-Art Packaging,  
by BluePrint Automation (BPA)

BPA designs and manufactures equipment for the food pack-
aging industry. The complex, 3D mechanical designs are 

difficult to visualize. After implementing AMD’s CAD-to-VR 
solution, which includes Dell Precision workstations with AMD 
Radeon Pro graphics, BPA could visualize the machinery, ani-
mate mechanisms and test ergonomics.

The team loaded the free AMD Radeon ProRender add-in for 
SOLIDWORKS, the free Unreal Engine 4.17, and the free AMD 
Radeon ProRender Game Engine Importer for Unreal. Radeon 
ProRender creates photorealistic renderings and exports the ren-
dered scene into a transportable format. 

“We can showcase a machine without bringing it physically, 
saving significant costs by not having to pay transportation fees to 
ship out and potentially damage it in the process,” says BPA’s VP 
of Engineering, Chung-Chee Tai. “It’s huge for us.”

MORE INFO ➜ AMD: Pro.Radeon.com

➜  Autodesk 3ds Max: Autodesk.com/products/3ds-max

➜ Blender: Blender.org

➜ Dell: Dell.com/Precision

➜ Keyshot: Keyshot.com

➜ Modo: Foundry.com/products/modo

➜ NVIDIA: NVIDIA.com/iray

➜ PTC: PTC.com

➜ Rhino: Rhino3d.com

➜ Siemens PLM Software: Siemens.com/PLM

➜  SOLIDWORKS Visualize: SOLIDWORKS.com/visualize

➜  Substance Designer: Allegorithmic.com

➜ Zbrush: Pixologic.com
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Impeller Gear in Water by Magnus Skogsfjord

The most difficult part of his attempt to model an 
impeller reacting to water, according to CAD 

visualization specialist and 3D artist Magnus Skogsfjord, 
is creating a convincing splash of water. But the fault may 
lie with his older generation PC, which he nicknamed 
“Patience Computer.”

His workflow is “tweak parameters, see a movie or exer-
cise or eat, repeat,” when setting up the simulation, he quips. 
“Since I’d never done fluid simulation before, it obviously 
took a bit of research in order to make a decent looking 
water flow. I’m mostly using engineering CAD, but am cur-
rently looking into the world of polygon tools to aid in visual 
content, in this case Blender.” 

To model the mechanical gear, Skogsfjord used Siemens 
PLM Software’s NX. “KeyShot allows me to add details and 
‘pop’ the image with ease and speed,” he says. 

To those attempting mechanical design renderings, Sk-
ogsfjord suggests, “First, look up the different texture types 
involved in rendering. I’m talking about color map, rough-
ness map, specular map and bump/normal maps. If you feel 
you’ve mastered that, the next step is lighting.”

Image courtesy  
of BPA, blueprintautomation.com, via AMD.
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Porter-Cable Power Tool, Black & Decker  
by Brian Muhlbach

To render the Porter-Cable power tool, Brian Muhlbach 
used SOLIDWORKS Visualize, a rendering program for 

SOLIDWORKS CAD users. The most difficult challenge 
for this project was “creating new bump maps and texture 
mapping/tiling,” and adding “highlights to help show off 
the different textures and surfaces,” he says. The new Area 
Lights function now available in SOLIDWORKS Visualize 
Professional would have made a difference in the project, he 
points out. 

The Decal tool in the software helped him add the brand 
name to the product’s 3D surface, says Muhlbach. He used 
the Camera Post Processing tool to fine-tune the saturation, 
gamma and darkening effects. Other tools he found useful are: 
the Color Picker for sampling colors outside the software’s in-
terface; the Visualize Cloud Library with access to an extensive 
selection of materials, textures and environments; and planes 
with Emissive materials to create highlights.

For this type of project, he advises, “Make sure the model is 
broken up correctly in CAD before importing. This will make 
applying materials super-easy.”

Image courtesy of Black & 
Decker, blackanddecker.com.
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VISUALIZATION | GPUs

Earlier this year, ANSYS took up that challenge with 
its Discovery Live launch. The software provides real-time 
simulation for rapid design space exploration. Engineers 
can see simulations of how their design changes will affect 
performance almost instantaneously.

ANSYS Discovery Live is built on NVIDIA graphics 
processing unit (GPU) and compute unified device archi-
tecture (CUDA) parallel computing. In the early design 
stages, engineers using the tools can try out new ideas with-
out meshing or post-processing.

PTC then announced a partnership with ANSYS to in-
tegrate Discovery Live into Creo, enabling new real-time 
capabilities in the 3D CAD software. Using the solution, 
designers will be able to see real-time simulation results 
during modeling in PTC Creo. 

GPU acceleration is already becoming more common 

for rendering and other tasks, but so far ANSYS is the first 
major vendor to create simulation software to specifically 
make use of GPU computing. According to the major chip-
makers, other companies plan to follow suit.

“You can get almost instantaneous updates on the analy-
sis results [with GPUs],” says Olimpio DeMarco, NVIDIA’s 
director of strategic alliances. “This is really about design 
exploration. We work with all of the CAD and CAM devel-
opers, and what ANSYS has done was a wake-up call for all 
of them.”

GPU-Based Simulation Opportunities
Although NVIDIA currently leads the GPU space, AMD 
is hoping to take some of their market share with its Vega 
line of GPUs. Intel offers CPU-based parallel processing as 
well, and will likely release its own GPU for the graphics/

Speeding Up Simulation
Simulation software providers are embracing the potential of GPUs 
to provide faster results and visualization.

Instant fluid simulations in ANSYS Discovery 
Live provide insight on a vehicle’s flow 
diffuser. Images courtesy of ANSYS.

BY BRIAN ALBRIGHT

W ITH DEMAND FOR MORE FREQUENT SIMULATIONS conducted earlier in the design process, the 
pressure has been on software vendors to deliver faster, easier-to-use simulation tools. The non-specialist 
engineers using these tools need a way to quickly visualize simulation results—right now. That means they 
need more powerful hardware and software that can take advantage of parallel processing.
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gaming space in the next few years. There are price/per-
formance trade-offs between the GPU and CPU approach, 
depending on the tasks being performed.

“Using a serial computer, it would take hours or days 
to tackle an intrinsically parallel processing problem,” says 
Jon Peddie of Jon Peddie Research. “If it can be written in 
a multi-threaded way, so that it is presented to a parallel 
processor like a GPU, then you get the answer really fast. 
So the opportunity is to find problem workloads that have 
an intrinsically parallel processing opportunity, and then 
someone has to code that. The coding part has been insidi-
ously difficult.”

NVIDIA tried to help relieve that burden with its CUDA 
programming language, and Intel has similar tools for its 
own parallel processing products. Up to now, many software 
vendors have been hesitant to make the leap because of the 
cost and risk associated with starting over to optimize for 
GPU computing.

GPU computing enables a faster time to market for de-
signers, because many simulation times can be cut drasti-
cally, while at the same time improving product quality 
through an increase in the number of iterations that can be 
explored. GPU computing can also lower the total cost of 
ownership by shortening the design process and reducing 
licensing costs.

These benefits are also true of CPU-based parallel-
ism, says Joseph Curley, Intel’s senior director for software 
ecosystem development. “Every CPU we ship is a parallel 
processor,” he says. “The majority of the giant performance 
increases have come out of going back and looking at the 
algorithms, and how to use parallel hardware adequately 
with the software.”

Intel’s Xeon Phi, which grew out of an earlier GPU design, 
can run software originally targeted at standard X86 CPUs. 

“CPUs have disadvantages in price and performance, but 
Intel has a good argument about software situations where 
it can be difficult to move from legacy serial software to 
parallel. The thing Intel brings to the party is you don’t 
have to change anything,” Peddie says.

“We’ve seen an explosion in parallelism, but one thing 
the independent software vendors (ISVs) are looking at is, 
when do you touch your code?” Curley says. “One thing 
customers value is consistency. There’s a reasonably high 
cost to taking the first step and adding in a new piece of 
hardware or new algorithm, and then revalidating that with 
customers. Customers are looking at how much they want 
you to change your code vs. how much do I want you to 
keep it stable?”

In addition, Intel is apparently developing its own GPU 
to compete directly with NVIDIA and AMD, but Peddie 
says that it will be several years before those products are 
likely to hit the market.

Last year, AMD released its family of Vega GPUs, which 
the company described as a “sweeping change” to its core 
graphics technology. The architecture is built on “flexible 
compute units that can natively process 8-bit, 16-bit, or 
32-bit or 64-bit operations,” according to Marty Johnson, 
director of alliances, AMD Pro-Graphics. “These compute 
units are optimized to attain significantly higher frequen-
cies than previous generations, and their support of vari-
able datatypes makes the architecture highly versatile across 
workloads.”

AMD declined to discuss any specific plans with its ISV 
partners to offer real-time simulation solutions, but John-
son did note that the GPUs would “enable strong perfor-
mance in real-time simulation workflows.”
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Better Answers, Sooner
GPU architecture features several distinct benefits when it 
comes to simulation: high-bandwidth, high-latency mem-
ory, a large number of computing units and (theoretically) 
better flops-per-watt ratio. 

“These features make GPUs very attractive for matrix-
free, embarrassingly parallel procedures, such as explicit, 
gradient-free updating algorithms, iterative solvers, parti-
cle-based methods like discrete particle hydrodynamics and 
Lattice Boltzmann methods, and mildly-coupled systems of 
equations like those arising in modal dynamics,” says Luis 
Crivelli, SIMULIA R&D technology director at Dassault 
Systèmes. “With sizable more effort, GPUs can also acceler-
ate methods that rely heavily on dense-matrix operations like 
direct equation solvers and eigenvalue extraction algorithms.”

AMD’s Johnson says the processors excel with highly 
parallel computational workloads, such as physics compu-
tations needed for CAE simulations (computational fluid 
dynamics and finite element analysis), particle-based simu-
lations (discrete element modeling), and rendering (i.e., ray 
tracing for physically accurate renders as well as real-time 
graphics for virtual reality visualization).

“Certainly, there always are algorithms that adapt bet-
ter than others to new paradigms,” Crivelli says. “Explicit 
codes, particle-based simulations, decoupled systems are 
natural candidates. Simulations that rely on gradient-based 
optimizations—also known as implicit methods—are gener-
ally more robust, accurate and less noisy but significantly 
harder to parallelize.”

Intel’s Curley says that heavily structured problems can 
be parallelized more easily than unstructured problems. 
“If you can find a way to make memory access more ef-
ficient or to get the various parts of the problem domains 

decomposed directly, you can see a huge increase in per-
formance,” he says.

For problems that lend themselves to this approach, 
parallel processing gets users their answer sooner, which 
can allow them to examine more design iterations and ulti-
mately arrive at a better design.

“You can look at more design options in the same amount 
of time,” NVIDIA’s DeMarco says. “Reducing that piece of 
the workflow is important, but not as important as having 
higher quality designs that won’t fail in the field.”

Vendors Slow to Recode
Despite the advantages of parallel processing in general, and 
of GPUs in particular, the market has been slow to optimize 
software for this approach.

Customers are often hesitant to use new technologies. 
Adoption of new methods can be expensive, because of the 
need for validation and certification, and adherence to regu-
lations or procedures may impede acceptance.

Furthermore, GPU optimization requires a significant 
investment from the software vendor. According to Johnson 
at AMD, rewriting the application to fully exploit the paral-
lelism is required in order to get the most GPU processing 
performance. Retooling for GPU-based workflows requires 
looking at parallelism in a new way for the GPU.

“The biggest challenge has been inertia,” DeMarco says. 
“A lot of software is built on this old code, and you can’t just 
take out a few pieces and substitute GPU code and expect 
big performance gains. You really have to start from a blank 
page and write from scratch to leverage the GPU. In the 
case of ANSYS, they put in the work and it took them two-
and-a-half years to get to the beta state.”

Dassault Systèmes’ Crivelli agrees. “Significant invest-
ments are required to update and port mature software to a 

The new NVIDIA Quadro GV100 is 
powered by NVIDIA Volta to deliver 
extreme memory capacity, scalability 
and performance, according to the 
company. Images courtesy of NVIDIA.
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platform that has a radically different programming model 
compounded with the risk of bug injection and destabilizing 
the code,” he says. “There is a cost/risk/reward trade-off. 
Automatic conversion tools frequently don’t do a good job 
and the complexity of supporting multiple code branches 
often is prohibitive and defect prone. Questions about the 
long-term feasibility of the technology also apply here. The 
process is significantly simpler and the risk is mitigated if 
the vendor develops a completely new application.”

 Simulation providers must also make sure that applica-
tions are certified and provide accurate results, which meet 
the requirements for double-precision compute. An addi-
tional challenge is making GPU acceleration applicable to 
the simulation provider’s overall product line.

On the customer side, there are a lot of files in existence 
from previous simulations that won’t map nicely to a hard-
ware accelerator. “That means a company like Boeing that 
has millions of files that they ran on serial processors can 
do those same types of tests with parallel processing, but 
that puts them in a position of having two versions of their 
data,” Peddie says.

Intel’s Curley also notes that optimizing software for par-
ticular hardware implementations or accelerators comes with 
a cost in flexibility. “If you write code for that one piece of 
hardware, you aren’t going to be able to reuse it on many other 
things,” he says. “As you get more optimized for a single prob-
lem, you get less portable to other platforms.”

Real-Time Interactive Simulations
With ANSYS and PTC staking their claim in the GPU 
simulation space, there will be more activity in the space 
over the next few years. Much of that work will center on 
combining simulation with real-time renders.

“We’re doing a lot of work now to enable real-time real-
istic rendering,” NVIDIA’s DeMarco says. “You can benefit 
the simulation, but when the management team comes in, 
you can also give them a better understanding of the design.”

“Although primarily intended for AI applications, the 
outstanding theoretical computational power of integrated 
GPU systems, like NVIDIA’s DGX-2 and HGX-2 plat-
forms, could help real-time interactive simulations become 
a reality,” Crivelli says. “There is a concerted development 
effort toward reaching this goal. Currently available inter-
active simulations are limited in size by the relatively small 
amount of GPU memory and trade off accuracy for speed.”

Peddie says that partitioning will contribute to this type 
of visualization. “You can assign certain workloads to one 
part of the GPU, and other workloads to a different part,” 
he says. “Now you have thousands of processors, and that is 
extremely useful. The notion there is you can have almost 
real-time representations of the simulation you are running, 
and that is extremely valuable.”

For end users wondering what to do to prepare, Intel’s 

Curley says that they should keep upgrading their hardware 
and wait to see what the software vendors come up with.

“If you keep buying the latest hardware and the latest 
CPUs, you get more parallel features automatically,” he 
says. “The software just has to expose that functionality.” DE

Brian Albright is a freelance journalist based in Cleveland, 
OH. He is the former managing editor of Frontline Solutions 
magazine, and has been writing about technology topics since 
the mid-1990s. Send e-mail about this article to de-editors@
digitaleng.news.
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The choice of higher-grade metals may not 
have averted the most infamous ship disaster, 
but the scenario does illustrate the importance 
of materials to overall product quality and the 
necessity to consider material characteristics 
at the earliest design stages. 

Although the practice has always been a 
critical part of the product design workflow, 
materials exploration is often tackled much 
later in the overall process, typically by an 
adjunct group of specialists who leverage 
their own advanced databases and sophis-
ticated simulation tools to explore myriad 
possibilities.

Now, thanks to the proliferation of more 
cost-effective advanced materials such as carbon fiber com-
posites and ceramics, coupled with the adoption of additive 
manufacturing for production, traditional design workflows 
related to materials are being reimagined. Engineering or-
ganizations are seeking new ways to effectively capture and 
manage materials data so it becomes widely accessible to 
non-specialists, and make it available, in intuitive searchable 
form, far earlier in the design cycle.

“At the end of the day, the material used in a product 
is going to be so influential to the long-term success of a 
product,” notes Ben Smye, head of growth for Matmatch, 
an online platform that delivers a comprehensive materi-
als database accessible to non-experts through Google-like 
searches. “Thinking about that at the start and making it a 
central part of the design and engineering process is key.”

Advanced Materials Enhance Innovation
The renewed spotlight on materials, and particularly the em-
phasis on materials exploration as part of the early design cycle, 
is directly related to the influx of advanced materials such as 
composites and new polymers, and their ability to help optimize 
and innovate designs. Advanced materials, which are modified 
variants of existing materials that improve performance in one 
or more characteristics such as strength, durability or weight, 
are being tapped for next-generation products such as medical 
devices, cars and aircraft. 

Materials Grab Leading 
Role in Early-Stage Design
The rise of advanced materials and additive manufacturing practices 
is facilitating new tools and design workflows, making materials 
information more accessible.

The Matmatch online platform provides access to 
a comprehensive materials database that can be 
explored easily by non-experts through Google-like 
searches. Image courtesy of Matmatch.

BY BETH STACKPOLE

WE’RE ALL FAMILIAR WITH THE STORY: A luxury ship, constructed with no expenses spared, hits an iceberg 
on its maiden voyage, sinking the ship and killing upward of 1,500 passengers. But a lesser-known fact about the 
Titanic’s fateful voyage was that bad material choices—specifically substandard metals and lower-grade iron rivets—
were found to have contributed to the disaster, as later studies revealed they didn’t hold up sufficiently upon impact.
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Advanced materials, which often draw inspiration from na-
ture, are proving to be a key enabler for aerospace and car com-
panies to create the complex lattice structures essential for light-
weighting new designs as well as for electronics players to create 
more sustainable, high-performance energy sources. According 
to a study by Research Nester, the global market for advanced 
materials is expected to expand at a compound annual growth 
rate of 11.6% between 2017 and 2024, reaching $101 billion. 

Now,  design engineers not only have a broader palette of 
advanced materials to experiment with, but they also have new 
modeling tools and additive manufacturing (AM) platforms that 
allow materials to be mixed, modified and optimized at a micro-
scale level to achieve performance characteristics that would be 
impossible to achieve with traditional production processes.  

“As the use of AM methods moves from general pro-
totyping to a value-add on the production side, functional 
products, quality assurance and design performance are much 
more important,” notes Ankit Saharan, manager R&D/ap-
plications development, Additive Manufacturing at EOS, 
a manufacturer of 3D printers that use plastics and metals. 
“For example, the wide range of properties in polymer mate-
rials can affect the final part, making it essential to consider 
these properties in the design concept stage.”

In addition, evaluating material parameters and design objec-
tives together at the beginning of the cycle enables increased 
flexibility to alter the part to fit the potential of the material 
and design constraints, Saharan adds. “For example, if an AM 
bracket is used to replace a traditionally manufactured part, the 
structure that is bracketed can be redesigned to accommodate 
the potentially lower load-bearing capabilities of the AM part,” 
he explains. “If the performance of the AM part is known ahead 
of time, this greatly increases the options to adjust the design of 
the application and part.”

One of the key challenges to testing and certifying differ-
ent materials is cost—a problem e-Xstream/MSC aims to solve 
with its Digimat, a multi-scale material modeling tool used to 

simulate the behavior of complex composite materials and struc-
tures in a virtual world, according to Roger Assaker, CEO of 
e-Xstream Engineering, a subsidiary of MSC Software. 

The software, which works in conjunction with leading CAD 
and CAE tools, lets engineers identify promising composite ma-
terial candidates through a simulation approach, saving time and 
money. It also allows for process simulation of how those ma-
terials are produced as a way to anticipate manufacturing issues 
and optimize part quality. Once materials are tested and certi-
fied, MaterialCenter functions as a PLM (product lifecycle man-
agement) of sorts for materials information, managing materials 
models, data and processes with full traceability and serving as a 
consistent source of approved materials and workflows.

Through integration with the Granta database, Creo 
users have access to data on more than 110 standard 
materials within the CAD environment, including 
multiple variants of rubber. Image courtesy of PTC.
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“We’re trying to bridge the gap between materials database 
providers and an organization’s own internal proprietary data 
and move from silos into new digital engineering workflows,” 
Assaker explains.

Matmatch aims for a similar result with a different approach. 
As opposed to traditional materials databases that are highly 
specialized and geared for materials experts, Matmatch is an 
online platform that maintains a current database of over 81,000 
materials, allowing mainstream design engineers to discover and 
compare alternative options for projects. 

The platform’s Google-like search capabilities and analyt-
ics are the key differentiator, Smye explains, facilitating ma-
terials research without the cost and complexity of traditional 
methods. In addition, unlike other materials databases, the 
system is designed with a user interface and analytics that 
encourage engineers to consider other, non-conventional 
materials. That’s important because materials information is 
often siloed in special systems, prompting design teams to 
constantly utilize the same materials with known properties 
for all of their initiatives—a workflow that impedes innova-
tion and creativity, contends Smye. 

“They don’t change materials because that could mean a new 
phase of R&D,” Smye explains. “There may be reasons to go 
from metal to plastics or ceramics, but because they don’t have 
the proper information, they stick with what they know. We 
want to push innovation and show engineers they don’t need to 
be stuck with one material if it isn’t optimal.” 

For their part, many of the leading CAD vendors are aug-
menting their software portfolios with integration to leading 
materials databases directly within the CAD interface. Dassault 
Systèmes, for example, recently announced a partnership with 
Granta Design to integrate the GRANTA MI materials infor-
mation management systems into 3DEXERIENCE to help 
product teams make more informed material decisions. The in-
tegration allows design engineers and simulation analytics to di-
rectly access consistent materials property information, enabling 

them to make smarter decisions related to the impact on cost, 
structural behavior, compliance and sustainability, officials say.

PTC also has a collaboration with Granta Design to inte-
grate elements of its materials database directly into Creo CAD 
software. Expanded materials data is integrated in the latest 
Creo 5.0 release, allowing engineers to simulate new options—
different rubbers and some additive manufacturing options, for 
examples—within the CAD tool, explains Jose Coronado, prod-
uct manager for Creo extensions. 

Moving forward, PTC plans to expand materials capabilities 
related to 3D printing—an area where there is huge potential 
for materials to be a key differentiator and where there are many 
underlying challenges for simulating the materials in the context 
of a specific manufacturing process. “Materials properties for 
additive is now the challenge,” Coronado says. “We want the 
designer to have all the tools upfront to do this analysis. We are 
working with the printer vendors and specialized materials man-
agement providers to address the challenge.” DE 

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

MSC Software’s MaterialCenter is touted as the single 
point of entry for all materials-related activity, including 
physical test data and multi-scale materials modeling. 
Image courtesy of MSC Software.
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The Digimat materials modeling platform predicts the 
nonlinear micromechanical behavior of complex multi-
phase composite materials and structures. Image 
courtesy of e-Xstream Engineering/MSC Software.
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Two years later, Autodesk discontin-
ued Inventor Fusion when it released 
Autodesk Fusion 360, a full-featured 3D 
CAD/CAM/CAE tool for collaborative 
product development, combining organic 
modeling with precise solid modeling. 
Since then, the company has continued 
to improve Fusion 360 with frequent 
updates, to the point that it rivals and 
sometimes exceeds the capabilities of its 
own Inventor software. 

The Fusion 360 user interface seems 
quite spartan compared to other prod-
ucts. Tabs across the top of the window 

let you select among open projects, 
whereas the Application bar provides 
tools for accessing design files. Most tools 
appear in the toolbar. To simplify things, 
the program’s capabilities are grouped 
into workspaces. When selecting a work-
space from the toolbar drop-down, users 
will find tools and commands specific to 
that workspace. For example, the Model 
workspace provides tools for placing 3D 
solid primitives, and for sketching and 
converting sketches into features, like 
what is found in a traditional 3D CAD 
environment. Sculpt is a sub-environ-

ment of the Model workspace, with tools 
for pushing and pulling vertices and 
edges to achieve the desired shapes. The 
Patch workspace enables creation and ed-
iting of 2D or 3D surface geometry.

After selecting a tool within the cur-
rent workspace, users work on the design 
within the canvas, left-clicking to select 
objects and right-clicking to access a 
marking menu that contains frequently 
used commands. A ViewCube in the 
upper-right corner of the canvas enables 
orbiting of the design or the ability to 
view it from standard positions.

A floatable Browser palette lists objects 
in the design and enables control of their 
visibility. A navigation bar near the bottom 
of the canvas contains commands used to 
zoom, pan and orbit as well as provides 
display settings that control the appear-
ance of the interface and how designs are 
displayed in the canvas. Users can also 
navigate the view with mouse gestures. 

A timeline across the bottom of the 
window lists the operations performed 
on the design. Right-click operations in 
the timeline to make changes and drag 
operations to change the order in which 
they are calculated.

There is also a Render workspace for 
generating realistic pictures of your de-
signs, an Animation workspace with tools 
for creating videos, a Simulation work-
space that allows use of finite element 
analysis (FEA) to simulate how the design 
performs under various loads and condi-
tions, and a CAM workstation with tools 
for producing toolpaths for fabricating 

Autodesk Fusion 360: 
All-In-One Modeling
Fusion 360 connects product development in a single cloud-based platform.

Tools in Autodesk Fusion 360 
are organized into task-specific 
workspaces, keeping the interface 
simple. Right-click to access a 
marking menu.

BY DAVID COHN

B ACK IN 2012, Autodesk introduced Autodesk Inventor Fusion as a 
technology preview, a free extension to its Inventor software that ran 
on Macs and PCs. Inventor Fusion offered solid and surface modeling 
tools, and supported parametric and freeform modeling.
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designs using computer numeric control 
(CNC) machines.

Additional functionality still under 
development—such as Live Review col-
laboration support; a Mesh workspace 
with tools to modify and repair mesh 
bodies; Event Simulation for nonlinear, 
time-dependent, dynamic events; printed 
circuit board tools; and CAM machine 
configurations—can also be enabled via 
the Preferences dialog.

Run Locally, Save to the Cloud
Users can start designing in a blank can-
vas (like a traditional 3D CAD program) 
or use an industrial design workflow to 
start sketching over imported images. Fu-

sion 360 enables switching between 
direct modeling and history model-

ing, or even simultaneously using both. 
If the history timeline is turned off, the 
Sculpt and Mesh environments become 
their own workspaces, accessible through 
the workspace drop-down menu. 

With the design history turned on, 
creating a base feature enables going into 
a direct modeling sandbox. This adds a 
base feature into the history timeline, but 
does not capture any more actions per-
formed for as long as users work on the 
base feature. When finished with the base 
feature, return to history-based modeling.

Although the software runs locally, all 
designs are saved to the cloud in A360, 
and a new version is created every time 
changes are saved. A360 also lets users 

share designs with others. Projects are the 
control mechanism for access to specific 
sets of information. 

Open a Data Panel on the left side of 
the application window to access your 
designs and manage projects. If there’s 
no access to the internet or the connec-
tion is lost, it’s possible to still use Fusion 
360 in Offline mode, although some file 
operations cannot be performed. Docu-
ments changed and saved in offline mode 
are automatically updated and uploaded 
to the Data panel. Work offline for up 
to two weeks. After this, Fusion 360 will 
need to sync back online to stay on the 
latest version. When the connection is 
restored, only the most recently saved 
version will be synced to the cloud.

Fusion 360 is also interoperable 
with files from other programs, includ-
ing Alias, AutoCAD, CATIA, NX, Pro/
ENGINEER and Creo, Rhino and 
SOLIDWORKS. Once the model is 
complete, document designs are created 
with individual or multi-sheet drawings 
of parts and assemblies. Those drawings 
are separate files, but remain linked to the 
model from which they were created, and 
can be easily updated to reflect changes 
made to the model.

Adding Workspaces
Last year, Autodesk added a Sheet Metal 
workspace to its growing arsenal of tools 
in Fusion 360. Those tools continue to 
improve. Create sheet metal parts by first 
sketching a profile to create a base flange. 
Then add additional flanges as well as 
extruded cuts, holes and threads. 

There are also tools for creating pat-
terns and mirroring, and users can easily 
change sheet metal rules and apply them 
on the fly. Fusion 360 provides two meth-
ods for flattening sheet metal parts. Un-
fold Part lets users unfold selected bends 
to create features across flanges, while 
Create Flat Pattern flattens the part, sav-
ing the flat pattern within the Browser. 
Then users can easily switch between the 
folded and flat view and create a drawing 
view using the flat pattern.

Fusion 360 also includes a CAM 
workspace. Because the CAD data exists 
in the same environment as the CAM 
data, if the design changes, the CAM data 
can be easily updated. And, since all data 
is stored in the cloud, users can access 

Start designing in a blank canvas or 
use an industrial design workflow to 
start sketching over imported images.

The Simulation workspace includes 
tools for using finite element analysis 
to investigate performance.
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designs as well as tool libraries and post 
processes from any computer. 

Once a part is ready to machine, users 
can create a setup to define the orienta-
tion and location of the datum used for 
the NC code. Users can then select the 
part to be machined, define the stock (the 
workpiece that will be machined) and cre-
ate operations, such as drilling, pockets, 
slots and so on. Lastly, users can simulate 
the toolpaths to visually verify part con-
formance and generate the NC code.

Simulation Integration
The Simulation workspace includes tools 
for using FEA to investigate performance. 
Users can analyze how a model responds 
to structural loads and constraints, identify 
the natural free-vibration characteristics of 
a part or assembly, determine the critical 
buckling multiplier for a structure subject 
to compressive loads and study nonlinear 
static stress. Event simulation tools for 
velocity and damping as well as mass and 
acceleration, steady-state temperature dis-
tribution and heat flow are also available. 

Furthermore, users can simulate 

temperature-induced stresses and use 
shape optimization to determine where 
they can remove material from a design 
while still achieving allowable stress and 
displacement objectives. 

After opening the model to study, enter 
the Simulation workspace, create a new 
study, select the type of study to perform 
and assign materials. Depending on the 
type of study, then define settings. Then 
solve the analysis, performing the compu-
tations locally or in the cloud. The time 
required to solve locally depends on the 
capabilities of the computer. Solving in the 
cloud may be faster, but consumes cloud 
credits. Some studies, such as Shape Opti-
mization, can only be solved in the cloud.

What’s New
Because Fusion 360 updates automatically, 
users always have the newest technology. 
The latest release features an updated user 
interface. When hovering the cursor over 
a command in the toolbar panel drop-
down menu, users will see a “more op-
tions” icon that gives the option of pinning 
the tool to the toolbar or shortcuts. 

The Hole command now remembers 
the last used values for things like coun-
tersink diameter, counterbore depth and 
diameter, thread offset values and so on. 
The Smart Dimension tool now lets users 
pick a point on a drawing and dimension 
from it to an edge. Plus, the Centermark 
Pattern command is now smart enough 
to see patterns and apply a centermark to 
all of them automatically.

The CAM tools include additional 
post processors. Drill Patterns using 
“order by tool” now allows the pattern 
to reverse at each tool change so that the 
machine doesn’t have to reposition. 

Getting Fusion 360
Fusion 360 is available in Standard and 
Ultimate editions. Both include the full 
suite of tools for design, documentation, 
data management, collaboration, simula-
tion and manufacturing. With the tools, 
users can test models for static stress, 
modal frequencies and thermal stress 
and manufacture parts using 2.5- and 
three-axis manufacturing. 

The Ultimate edition adds more 

COMSOL
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multiphysics simulation.
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advanced simulation for bolt connec-
tors, buckling, nonlinear stress and event 
simulation, and support for manufactur-
ing using five-axis positional, four-axis 
machining and five-axis simultaneous ma-
chining. The PC version of the Ultimate 
edition also includes generative design 
shape optimization.

Like most Autodesk products, users 
can download a free trial of Fusion 360 
that gives unlimited access to its full suite 
of tools for 30 days. After that trial period, 
however, students, hobbyists and startups 
making less than $100K per year can con-
tinue to use Fusion 360 Ultimate for free, 
while others must pay a monthly or annual 

subscription fee. 
The program costs $40 per 

month for the Standard version and 
$190 per month for the Ultimate edition, 
if purchased on a month-to-month basis, 
but users can save $170 or $745 per year 
on Standard and Ultimate, respectively, 
by committing to a one-year subscription. 
The free trial comes with 25 cloud cred-
its. Monthly subscribers get 100 cloud 
credits every month the subscription 
renews and unused credits roll over for 
up to a year. Annual subscribers get 1,000 
credits when they purchase or renew 
their subscription. Additional cloud cred-
its are $1 each. Autodesk also provides 
some excellent free tutorials, complete 
with sample files, to help users get up to 
speed using all aspects of Fusion 360.

Autodesk Fusion 360 may not be as 
mature a product as Inventor or SOLID-
WORKS, but it has come a long way 
since its introduction just a few years 
ago and continues to improve with each 
update. As an integrated environment, it 
provides a full suite of tools in a package 
that runs on both Macs and PCs, and is 
affordable and flexible enough to make 
those tools available to everyone on an 
extended design team. DE

David Cohn has been using AutoCAD for 
more than 35 years and is the author of over 
a dozen books on AutoCAD. As senior content 
manager at 4D Technologies, he creates the 
CADLearning courses for AutoCAD and 
AutoCAD LT (cadlearning.com). He is 
a contributing editor to DE, and also does 
consulting and technical writing from his 
home in Bellingham, WA. You can contact 
him at david@dscohn.com or visit dscohn.com. 
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INFO ➜ Autodesk: Autodesk.com
PRICES 
Autodesk Fusion 360
Autodesk Fusion 360 is only available 
by subscription. Students, startups and 
hobbyists (making less than $100K per 
year) receive the functionality available 
in the Ultimate tier for free.
• Monthly: $40
• 1 Year: $310
• 2 Years: $620

Autodesk Fusion 360 Ultimate
• Monthly: $190
• 1 Year: $1,535
• 2 Years: $3,070

SYSTEM REQUIREMENTS
•  Operating System: Apple macOS High 

Sierra v10.13; Apple macOS Sierra 
v10.12; Mac OS X v10.11.x (El Capitan). 
Microsoft Windows 7 SP1, Windows 8.1, 
or Windows 10 (640bit only) 

•  CPU: 64-bit processor
•  Memory: 3GB RAM (4GB or more  

recommended)
•  Graphics Card: 512GB RAM or more; 

except Intel GMA X3100 cards 
• Disk Space: approx. 2.5GB
•  Pointing Device: Microsoft-compliant 

mouse, Apple Mouse, Magic Mouse, 
MacBook Pro trackpad

•  Internet: DSL internet connection  
or faster

After generating a toolpath, inspect the 
results by using the Simulate function 
to see the actual cutting motion.

Fusion 360 provides tools for 
documenting parts and assemblies. 
Drawings remain associative to 
models so that they can update when 
changes are made to the model.
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However, there is a set of other tab 
names that give a hint of the much 
wider applicability of COMSOL Mul-
tiphysics. These include Definitions, 
Physics and Developer.

Core COMSOL Multiphysics has 
Solid Mechanics as the single physics 
interface. However, add-on Physics Mod-
ules include:

• Electromagnetics
• Structural Mechanics and Acoustics
• Fluid Flow and Heat Transfer
• Chemical Engineering

Building a Structural Model
The first task in this review is to build a 
simple 2D model. The model details are 
shown schematically in the Model Builder 
window, as shown in Fig. 2. These will be 
referenced during the model build.

Each major subset of the model tree 
in the Model Builder window is called 
a node. The primary nodes shown are 
Global Definitions, Component, Study 
and Results. Sub nodes can be seen, 
under Component for example, control-
ling Geometry, Materials, Solid Mechan-
ics and the Mesh.

Fig. 3 shows the single component 
created for a Normal Modes analysis. 
The model is a very simple 2D shape, 
constructed from the union of a circle and 
a rectangle. Fig. 3 also shows the graphics 

COMSOL Multiphysics Overview
Get a look at the latest capabilities and functionalities.

FIG. 1: COMSOL user interface. 
Images courtesy of Tony Abbey.

BY TONY ABBEY

Editor’s Note

This is the latest in a series 
of overview articles looking 
at FEA software products. 

Each overview is formatted as 
a walkthrough using a simple 
structural example. The full 
capabilities of each product 
cannot be covered in a few 
pages, but the hope is to provide 
a feel for the basic workflow 
required to use each product.

Each of the walkthroughs 
represents Tony Abbey’s 
independent assessment and 
is not sponsored in any way by 
the companies developing the 
products. However, in many cases 
he is indebted to the companies 
for supplying temporary licenses 
to allow the overviews to be 
completed.

AT FIRST GLANCE, the COMSOL Multiphysics user interface, as shown in Fig. 1, looks similar to many 
other finite element analysis (FEA) based products. The top ribbon contains a series of tabs that give access to 
Geometry, Materials, Mesh, Study and Results. This suggests a familiar workflow through the pre-processing, 
solution and post-processing stages of analysis.

FIG. 2: Model Builder window.
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window with the geometry and a typical 
Settings form, in this case for the circle 
definition. The Circle, Rectangle and 
Union objects are shown under the Ge-
ometry node in Fig. 2. The Delete Entities 
object trims the redundant interior bound-
aries of the combined shape. Finally, the 
Form Union object creates the shape. 

A full CAD import and manipulation 
capability is present within COMSOL 
Multiphysics, so much more sophisticated 
geometry can be handled.

The material is applied next, and defi-
nitions appear under the Materials node. 
Note that the shape has two domains—
the original circle and the rectangle. The 
material is applied to both.

Under the Solid Mechanics node, the 
material is defined as linear elastic, using 
plane strain assumptions. All the boundar-
ies around the periphery of the combined 
shape are defined as free, all initial dis-
placements are set as zero and then a fixed 
constraint is applied to the circle domain. 
The order of the objects under each node 
is important as it dictates the build logic. In 
this case, the constrained circle overrides 
the free boundary at the circle edges.

The mesh controls under the Mesh 
node allow for a size control over both 

domains. The mesh can be automatically 
calibrated for different physics—Structural 
Analysis in this case, or optionally Fluid 
Dynamics, Plasma Flow or whatever other 
types of physics are appropriate. I have 
chosen the Free Triangular mesh format. 
Additional meshing controls are available.

I have overridden the defaults and 
produced a mesh as shown in Fig. 4.

I have selected an Eigenfrequency 
(Normal Modes) analysis as the study type.

The Compute icon in the study tab 
launches the analysis. Fig. 5 shows the first 
three mode shapes. The frequencies are 
5.88, 36.21 and 98.7 Hz, respectively. 

Moving to a Coupled CFD  
and Structural Analysis
Having established the baseline frequen-
cies for the structural shape, I moved on to 
a coupled fluid-structure interaction (FSI) 
analysis. The shape defined is a classic 
benchmark and I have borrowed from the 
COMSOL verification example that uses 
the results of an independent analysis.1 

The circular body under a low speed 
steady fluid flow sheds a series of alternat-
ing vortices known as a von Kármán street. 
This creates an interaction between the 
trailing plate and the vortex dominated 

FIG. 7: Additional geometry to 
represent the fluid channel.

FIG. 8: Detail of fluid mesh 
around the structural shape.

FIG. 3: Graphics window and 
Settings form for geometry.

FIG. 4: Mesh of the structural 
shape.

FIG. 5: Mode shapes 1 to 3.

FIG. 6: Expanded model tree 
for FSI solution.
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fluid flow. The verification example uses 
a fluid similar to gelatin and a flexible 
rubber-like solid material. I have stiffened 
the solid material to reduce the amplitude 
of oscillation, but kept all the other param-
eters the same. The stiffened material was 
also used in the normal modes analysis.

The study is reset to be time depen-
dent using Solid Mechanics (structural 
response), Laminar Flow (fluid response), 
a moving mesh and a fully coupled FSI. 
The time step and duration are also set.

The revised model tree is shown in 
Fig. 6. The dependent variables are set as 
the displacements, velocity and pressure. 
There are also a set of Laminar Flow and 
FSI solution settings seen in Fig. 6, which 
I have used, based directly on the COM-
SOL application example.

The geometry is adjusted by introduc-
ing a rectangle to represent a channel 
through which the fluid flows (Fig. 7). A 
split line (not shown) is placed aft of the 
training edge to control the fluid mesh.

The Solid Mechanics module is modi-
fied slightly by adding a small vertical 
force at the trailing edge to promote a 
level of eccentricity to aid formation of 
the von Kármán vortices.

The mesh settings are modified to 
control the mesh in the fluid domain. 
The fluid mesh around the structural 
shape is shown in Fig. 8.

The fluid material is added and allo-
cated to the fluid domain.

Within the Laminar Flow node, prop-
erties are set to be incompressible with 
no turbulence. Within the Wall node, the 
fluid boundaries in contact with the chan-
nel wall are defined as no slip.

The initial flow speed is set to zero 
and then rises over a 1-second time 
period. The function to define the transi-
tion allows for an abrupt step or a user-

controlled smoothing function. The latter 
was defined as shown in Fig. 9.

The initial flow is also given a short 
“kick” to help promote flow instability 
at 1.5 seconds. This is done via another 
function, this time defined as the Gauss-
ian pulse shown in Fig. 10.

The flow at the inlet is scaled through 
time as shown, but is spatially defined as 
a parabolic distribution, typical of a fully 
developed flow in a channel section. An 
expression with mean flow velocity and 
channel height is input into the Inlet 
definition in the Laminar Flow node. The 
Outlet is defined with zero backpressure. 

The Multiphysics node controls the 
FSI coupling—and is defined between 
the Laminar Flow physics and Solid Me-
chanics physics.

Two Global Variable Probe definitions 
are set up. One integrates the “x” compo-
nent of pressure over the structural bound-
ing surface to calculate the total drag. The 
second integrates the “y” component to 
calculate the total lift. Lift and drag are 
then available as a function of time.

A Domain Point Probe is defined at 
the trailing edge and horizontal and verti-
cal displacement components assigned to 
it.  They are available as a function of time. 

Results
Fig. 11 shows snapshots of the fluid ve-
locity captured between 4 and 6 seconds 
of the event. 

The von Kármán vortex street can 
be clearly seen. The oscillating nature of 
the opposing vortices induces motion in 
the plate, which in turn effects the fluid 
flow. The series of 101 plot states created 
during the analysis can be animated, with 
control over frame rate allowing good vi-
sualization of the vortices to be achieved.

A snapshot of pressure distribution is 

FIG. 11: von Kármán vortex 
street.

FIG. 12: Pressure distribution 
around the structure.

FIG. 9: Initial flow speed increase 
via smoothed step function.

FIG. 10: Gaussian pulse used to 
help trigger vortices.

FIG. 13: Vertical oscillation 
of trailing edge: 2 m/s speed 
(lower), 3 m/s speed (upper).

de0818_COMSOL_Overview_Abbey_.indd   37 7/10/18   5:15 PM



SIMULATION ||| Simulation Walkthrough

38  DE | Technology for Optimal Engineering Design         August 2018 /// digitaleng.news

shown in Fig. 12. The pressure was also 
animated through time. The local inten-
sity of pressure is moving up and down 
the plate length, as well as oscillating from 
top surface to bottom surface. The second 
bending mode of the plate is playing an 
important role in the interaction.

The frequency of oscillation can be 
quantified using the trailing edge dis-
placement probes set up earlier. The ver-
tical oscillation is shown in Fig. 13.

The lower time history plot in Fig. 13 
shows a steady state oscillation at 2 m/s 
flow rate over the time of 4 to 5 seconds. 
The frequency of this oscillation is 5.5 Hz, 
which agrees closely with the benchmark.1 
The theoretical vortex shedding frequency 
with the sphere in isolation is 3.57 Hz, 
which gives an indication of the level of 
interaction introduced by the plate.

The upper time history plot shows a 
more complex oscillation achieved with 
a higher flow speed of 3 m/s. I used a 
Fourier analysis tool available within 
COMSOL Multiphysics to operate on 
this output signal. The frequency content 
is now split between 7.4 Hz and 14.1 Hz.

The total lift and drag are also avail-
able as time history plots.

An application reported by COMSOL2 
demonstrates how another layer of phys-
ics could be added to the coupled FSI 
scenario. Nokia is investigating cantilever 

plate-like fans driven by a piezoelectric 
sandwich mounted on the plate. They 
used COMSOL to predict fluid flow gen-
erated from the fans, hence incorporating 
mechanical, fluid and piezoelectric physics.

I have kept to a very simple 2D simu-
lation, based on time constraints. How-
ever, the scope of COMSOL in CFD and 
FSI application extends well beyond this, 
as the examples in Figs. 14 and 15 show.

Application Builder
I set up a Global Parameter for the flow 
speed. This enabled simple control of the 
series of analyses, with a range of flow 
speeds between 2 m/s and 3 m/s. The 
COMSOL Application Builder is perfect 
for further exploration. This is available in 
any COMSOL simulation and automati-
cally builds input parameters and result 
quantities from the simulation into one or 
more forms. The forms then become the 
basis for a stand-alone application, which 
will reproduce the simulation. A set of lay-
out configuration tools and programming 
support allow for documentation and cus-
tomization of the application.

Considering the breadth of physics that 
COMSOL brings to simulation, this is a 
significant tool. It allows a collaborative 
application developed by a group of spe-
cialists in different fields of physics to be 
deployed to other users within a company. 

Checks and balances can be incorporated 
to ensure less experienced users can 
produce meaningful results. A complete 
library of pre-built applications is available 
within COMSOL Multiphysics. 

Conclusion
This overview really just scratches the sur-
face of the capabilities within COMSOL. 
It is clear that if you have the scientific or 
engineering knowledge to dive deeply into 
any of the areas of physics provided, then 
you will be able to create innovative simu-
lations to many applications. My work on 
this review did show me how limited my 
range of knowledge is! However, I did find 
the COMSOL documentation, examples 
and references extremely helpful in my 
efforts to brush off some cobwebs and 
stretch my knowledge further. DE
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FIG. 14: Visualization of the noise pressure level outside the gearbox 
and vibration-induced von Mises stress in its housing. Image made 
using COMSOL Multiphysics software; courtesy of COMSOL.

FIG. 15: Visualization of deformation, von 
Mises stress and velocity magnitude in an FSI 
analysis, including contact modeling, of a heart 
valve. Image made using COMSOL Multiphysics 
software and courtesy of COMSOL.
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Beyond time and cost savings, the 
road forks, with each manufacturer of-
fering a slightly different version of the 
“must-have” printer. Before getting into 
printer specifics, experts suggest compa-
nies consider some pertinent questions 
prior to making the big spend on a large-
format printer. 

When considering a move from 
outside printing services to an in-house 
large-format printer, Matt Kochanowski, 
product manager of Epson, suggests ask-
ing, “How long will it take to get prints 
done and get them back? Everybody’s 
time is valuable in the digital age.”

Also assess quality control (in-house vs. 
outsourced), Kochanowski says. “The last 
thing you want is to get back to the office 
and figure out something’s wrong.” 

If companies are still riding the fence, 
what else should be considered? 

“Key factors include: outsourced docu-
ment costs; device cost (new or used); 
supplies; waiting for service providers as 
prints, copies and scans take a while to 
produce; and labor costs,” says Bob Honn, 
senior director, Canon Solutions America.

Canon Solutions America pro-
duced a guide on the topic (https://bit.
ly/2IZqex3) that cites current market 
costs of various document types. “In 
fact, recent customer data shows it is not 
unusual to save 46% or more on your 
outsourced large-format printing costs 
when printing in-house,” the guide states. 
“However, this argument oversimplifies 
the decision-making process, because 
there is more to the cost of printing 
large-format technical documents than 
just the cost of the print itself.”

Beyond cost, there are operational 
considerations. Bryan Martindale, HP 

DesignJet category manager, Americas, 
offers up a few more questions to ask:

• Productivity: How much faster can 
my organization move forward by not 
having to wait for a vendor?

• Convenience: How much “back-
and-forth” will be saved by printing my 
own large-format documents?

• Security: In a highly connected 
world, am I adding risk by bringing a 
large-format printer into my organization 
and onto my network?

• Ease of print: How easy is it to use 
a new large-format printer? Will this in-
volve significant training time?

• Financial: Considering all of the 
costs (including equipment, consumables, 
workflow needs), and considering all of 
the benefits (including convenience and 
productivity), does the return on invest-
ment justify a move to in-house printing? 

“The decision [to invest in a large-
format printer] isn’t so much predicated 
on the size of a team, but more so on the 
volume of printing that is done,” Canon’s 
Honn says. “Generally speaking, as print-

What’s New in 
Large-Format Printers?

Be able to answer important questions prior to making an investment.

BY STEPHANIE SKERNIVITZ

MORE TIME ON YOUR HANDS and money in your pocket. 
Those two selling points are high on the checklist when talking to 
makers of today’s large-format printers, as they draw comparisons 
to printers of years past. 

HP DesignJet Z9+ Printer 
Series Print Service provider. 
Image courtesy of HP.

de0818_Large_Format_Printers_Steph.indd   39 7/10/18   5:17 PM



COMPUTING ||| Printers

40  DE | Technology for Optimal Engineering Design         August 2018 /// digitaleng.news

ing volumes increase, so does the justifi-
cation for an in-house printer.”

Epson’s Kochanowski diverges slightly 
from Canon’s print volume position. “Any 
sort of printing you’re doing can warrant 
large format. You can save so much time 
vs. sending it out—even for one to two 
prints a day,” he says.

Size of team can influence the purchas-
ing decision however, Kochanowski ac-
knowledges. Whether a company has one 
or two users sharing a printer, or printers 
designed for an entire 100-person-plus en-
terprise team sending into one server (or 
any size in-between), it really “boils down 
to what’s in the budget,” he says.

Connectivity and collaboration needs 
can vary, but generally, setting up the 
system is easy. To print in-house, all that’s 
required is to connect the device to a com-
pany’s network, says Honn. 

“To collaborate, documents need to be 
shared to the cloud, but from there can be 
accessed using Canon Solutions America’s 
mobile print application, and from there 
submitted to a device on the network,” 
Honn says. “This workflow enables real-
time collaboration and ensures the entire 
project team has access to the latest set of 
documentation.”

The ability to print from anywhere is 
becoming a standard offering. “Thanks 
to HP Mobile Printing, our customers 
not only can easily print wherever and 
whenever they need it through their 
smartphone or tablet in a simple way, but 
they can also use HP Smart app to be 
able to access extra printing and scanning 

features that allow them to collaborate 
better and smarter,” notes Martindale. 

Don’t overlook print speed. Epson 
printers feature a MicroPiezo head with 
print speed up to 25 seconds for the 
36- and 44-in. printers, according to Ko-
chanowski. MicroPiezo print heads eject 
droplets of ink via mechanical pressure, 
not heat. The systems precisely control ink 
volume contained in each droplet.

For in-house, departmental-type print-
ers, Canon Solutions America offers B/W 
and color printers—the Océ PlotWave Se-
ries and the Océ ColorWave series. Speeds 
range from 4, 6, 8 and 10 D-sized plots per 
minute, according to Honn.

At HP, “In terms of speed, HP 
DesignJet printers offer true print speed 
similar to that of our competitors,” 
Martindale says. “But beyond pure print 
speed, it’s important to look at all fac-
tors—from job creation to job submission 
to printed output.”

Inks, Colors and More
For HP, it’s all about the democratization 
of inks and colors: “Feedback from HP 
large-format users has been clear: There 
is a growing desire for more color out-
put,” Martindale says. “We refer to this as 
the ‘democratization’ of color output vs. 
pure B/W or monochrome.”

There are a couple reasons for this 
trend. “First, one of the factors in bring-
ing large-format printing in-house is 
ROI,” Martindale adds. “One way to 
increase the ROI is to print not just tech-
nical documents and drawings, but also 

output such as marketing collateral [...] 
Second, the use of color dramatically aids 
in the communication process itself. Ulti-
mately, color helps catch the reader’s eye.

“To simplify, HP’s DesignJet printers 
somewhat follow a Good-Better-Best 
progression. It’s true that good-quality 
color can be obtained with as few as four 
inks (CMYK). For better output, our cus-
tomers have found that a six-color con-
figuration provides high-impact output 
for color images, such as maps and post-
ers. For the best output, HP DesignJets 
offer eight- or even nine-color inks (plus 
optional Gloss Enhance for the highest-
quality photo outputs).” 

Epson has what it dubs UltraChrome 
XD, five-color, all-pigment based inks, in-
cluding photo black and matte black. Inks 
can print on engineering bond paper as 
well as photo paper depending on the use 
case. A few ink cartridge sizes are available. 

“Our inks are all pigment based. With 
this, you can have durable prints that are 
water, scratch and scuff resistant with 
bright vibrant colors,” Kochanowski says.

Scanning Capabilities
At Canon, each printer comes in two 
configuration types, with and without an 
integrated scanner. In most cases, accord-
ing to Honn, printers are multifunctional 
and include a scanner. 

“The Océ PlotWave Series and the 
Océ ColorWave series scanners also in-
clude Océ Color Image Logic software, 
which consistently turns imperfect origi-
nal documents into perfect copies and 

Océ PlotWave 345 large-format 
printer. Image courtesy of Canon 
Solutions America.

T5270D with technical drawing 
and gear rendering. Image 
courtesy of Epson.

Océ ColorWave 500 large-format 
printer. Image courtesy of Canon 
Solutions America.
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scans, saving operator time and reducing 
waste,” Honn says.

 “HP offers a range of compact and in-
telligent multi-function printers integrated 
with the latest IT trends. This allows our 
customers to digitize their work, to easily 
keep track of constant changes and iter-
ate, to effectively communicate with all 
stakeholders while working remotely and 
to easily have all the drawings at a glance 
thanks to HP Mobile Printing,” adds Mar-
tindale.

Printer Size and Space 
Requirements
For Canon Solutions America’s print-
ers, because of the integrated scanner, 
the single footprint size of the device is 
conducive to fitting into the confines of 
an engineering department, according to 
Honn. The typical sizes of Canon Solu-
tions America’s departmental printers are 
approximately 7x3x5 ft.

“Also, because of location of the output 
tray, access to media drawers and vent-
ing requirements due to very low ozone 
output, the operational footprint of the 
Océ PlotWave and Océ ColorWave series 
is often much less than other competitive 
printers in this space,” Honn explains.

At HP, the company touts its small-
footprint large-format printers, which 
include its 24-in. devices, the smallest 
of which weighs 56 lbs. and is slightly 
over 3-ft. wide so it can fit on a desktop. 
There’s also a smaller multi-function 
printer with integrated scanner, which 
weighs a little over 100 lbs. and sits at 3.5-

ft. wide—“the smallest footprint for a de-
vice of its kind,” according to Martindale. 
Additional devices in the 36- to 44-in. 
classes are available. 

Other Features
With Epson printers, users can add an in-
ternal print server to transfer print jobs to 
free up computer workstations, add print 
job queue management and print job save 
and reprint functions to the SureColor 
P-Series printers. For its 36- and 44-in. 
models, there is also a 36-in. multifunc-
tion module add-on that adds capabilities 
such as scan to network, scan to email or 
share to another printer. 

“Other walkup features to consider in-
clude: touchscreen user interface, to easily 
control printer and scanner/copier with 
your fingertips using the simple screen 
movements; [and] security, which helps 
ensure secure environment for printing, 
scanning and copying,” Canon Solutions 
America’s Honn says.

“Also, in today’s CAD departments, 
there can be a large percentage of ‘walk-
up’ users that need to print documents 
from a USB thumb drive or to quickly 
scan or print a document from the cloud. 
Océ PlotWave and ColorWave series 

printers include a convenient USB port 
and are cloud capable, making walk-up 
printing and scanning very easy,” he says.

Security is top of mind for HP. “It’s 
really impossible to overstate the im-
portance of security. And that is not just 
referring to the device, but also the data 
on the printer, as well as the document 
itself,” Martindale says. At HP, “The 
device is protected from unauthorized 
access thanks to HP Secure Boot, as well 
as Whitelisting—so that only authorized 
applications will run on your large-format 
printer. The printer’s HDD is encrypted, 
protecting its data. And the document is 
protected with authentication solutions 
like PIN printing and card readers.”  DE

Stephanie Skernivitz is associate editor 
of DE. Send e-mail about this article to 
sskernivitz@digitaleng.news

INFO ➜ Canon Solutions America: 
CSA.canon.com /online/portal/csa/csa/
products/largeformat

➜ Epson: Epson.com/For-Work/Printers/
Large-Format/c/w140

➜ HP: www8.HP.com/us/en/large-
format-printers

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ?

HP’s RENDER PageWide XL family of printers. Image courtesy of HP.

SureColor T-Series family of 
large-format printers. Image 
courtesy of Epson.
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The company sells three types of profes-
sional workstations—S-Class, M-Class and 
L-Class—which simply represent the physi-
cal size (small form factor, mid-tower or 
large). Because all systems from Origin are 
individually assembled, begin by selecting 
the size and then selecting components to 
configure the system. 

For this review, Origin sent us its latest 
M-Class professional workstation, housed 
in a charcoal gray Fractal Design Mini C 
case that measured 8.25x16.12x16.12 in. and 
weighed 25.25 lbs. The company also offers 
the same system in a Phantek EVOLV case, 
which costs $87 more. Both cases feature 
a large window in the removable left panel 
and can be equipped with interior lighting 
for an additional $30. Users can also have 
the Phantek case painted in a custom color 
for an additional charge.

The case has a monolithic front panel 
sporting an Origin PC logo near the top. 
A large, round power button and small 
reset button are centered on the top front 
edge of the case, flanked by headphone 
and microphone jacks to the left and a pair 
of USB 3.1 ports to the right. The rear 
panel provides five more USB 3.1 ports, a 
USB 3.1 Type-C port, PS/2 keyboard and 
mouse sockets, an RJ-45 network connection, an optical S/
PDIF output port and five audio jacks (center/subwoofer, rear 
speaker, line-in/side-speaker out, line-out/front speaker out 

Origin PC M-Class 
Workstation a Top Performer
This Florida-based system integrator makes an excellent workstation.

The Origin PC M-Class workstation we reviewed 
came housed in a Fractal Design Mini C case like the 
image above, but was equipped with a single NVIDIA 
Quadro P5000. Image courtesy of Origin PC.

BY DAVID COHN

WE RECENTLY RECEIVED a new workstation from Origin PC. Although not as well known as some other 
system integrators, we have reviewed systems from Origin PC before (DE, August 2015, digitaleng.news/de/
big-bright-fast-and-loud). The Miami-based company was founded in 2009 by former employees of Alienware 
as a builder of high-performance gaming computers. Origin assembles its computers in the U.S. using 

imported parts and backs those systems with lifetime free 24/7 tech support and free labor.
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and microphone) as well as two antennas for the built-in Wi-
Fi. The panel also houses a DisplayPort and HDMI port for 
use with the integrated CPU graphics.

Lots of Choices
Next, users choose the technology, which determines the moth-
erboard used. Again, Origin offers lots of choices, including 
systems based on AMD Ryzen, Intel Xeon and Intel Core pro-
cessors. The choice determines the base price. For our evalua-
tion, Origin sent us a system with an Intel Core i7-8700K CPU, 
which meant that it was based on an MSI Z370M Gaming Pro 
AC motherboard. When housed in the Fractal case, the system 
had a starting price of $1,198 and includes a 3.6GHz Intel 
Core i3-8100 quad-core CPU with onboard graphics, 16B of 
3000MHz memory, a 120GB solid state drive, a 500-watt power 
supply and a one-year warranty.

For our evaluation, however, Origin sent us a much more ro-
bust system. So, we used the company’s website to determine ex-
actly what it would cost. Our system included high-performance 
fans, rather than the standard case fans, which added $33. Our 
M-Class workstation also included a 650-watt EVGA Super-
nova G3 series power supply, adding $54. Although one can also 
pay $68 more for colored power cables, our system came with 
standard black cables.

Based on the initial technology selection, Origin offers a 
choice of six different Intel CPUs, including the new Intel Core 
i7-8086K Limited Edition processor. Our system included an 
Intel Core i7-8700K 6-core processor, which added another 
$280 to the price. That Coffee Lake CPU has a base speed of 
3.7GHz (4.7GHz max turbo), a 12MB SmartCache and a 95-
watt TDP (thermal design power) rating. But since our system 
was overclocked to 4.9GHz (which added an additional $75), it 
included an Origin Frostbyte 240 sealed liquid cooling system, 
a $25 upgrade over the standard cooling system. The GELID 
GC-Extreme thermal compound added $15 more.

Although the Intel CPU includes Intel UHD Graphics 630, 
users can add up to two discrete graphics cards, selecting from 
the 18 different AMD and NVIDIA cards Origin offers. Our 
system included an NVIDIA Quadro P5000 high-end worksta-
tion graphics card with 16GB of GDDR5X memory and 2560 
compute unified device architecture (CUDA) cores, installed in 
one of the two available PCIe 3.0 x16 slots on the motherboard. 
This board has a 256-bit interface and a bandwidth of 288GB/
second. Because it consumes 180 watts, it requires an eight-pin 
auxiliary power connection, and its double thickness causes it to 
block one of the two available PCIe 3.0 x1 slots. The NVIDIA 
Quadro P5000 added $2,155.

Our system came with 64GB of memory, installed using four 
16GB 3000MHz memory modules, which filled all four sockets 
and added $713. For storage, Origin offers lots of choices, in-
cluding solid-state drives ranging from 120GB to 4TB, mechan-
ical drives from 1TB to 10TB, 1TB and 2TB hybrid drives and 
PCIe M.2 drives with capacities of 256GB to 2TB. Depending 
on the drive selected, users can configure them in a RAID array. 
Our M-Class workstation included two drives—a 512GB Sam-
sung 960 Pro PCIe NVMe M.2 primary drive ($292) and a 3TB 
Seagate Barracuda secondary drive ($105) installed in one of the 

two available drive bays. Origin also offers Intel Optane mem-
ory drives and external optical drives (since the case provides no 
optical drive bays).

Although the motherboard provides onboard audio and both 
gigabit ethernet and Wi-Fi, Origin offers add-on audio boards 
and network cards. Users can also purchase displays, gaming 
controllers, headsets, microphones, speakers, routers, webcams 
and other peripherals.

Great Test Results
To evaluate the performance of the Origin PC M-Class worksta-
tion, we ran our usual collection of tests. On the SPECviewperf 
benchmark, which focuses on graphic performance, the system 
turned in the best results we have ever recorded on all nine of the 
individual datasets. On the SPECapc SOLIDWORKS bench-
mark, the system also performed quite well, with results placing 
the Origin M-Class workstation near the top of the pack.

On the very demanding SPECwpc workstation perfor-

Buy it or Build It

Because Origin PC builds systems using 
readily available components, one could 
purchase the same parts and build it on 

their own—it just takes time, some basic skills and 
a bit of confidence. But is it worth it? We priced 
the parts used in our M-Class workstation to see 
how much we could have saved if we assembled 
it ourselves:
• Fractal Design Mini C case: $70
• MSI Z370M Gaming Pro AC motherboard: $166
• Intel Core i7-8700K CPU: $350
• HyperX 4x16GB 3000MHz memory: $922
•  EVGA Supernova G3 series 650-watt  

power supply: $70
• Frostbyte 240 liquid cooling system: $99
• High-performance cooling fans: $40
• Gelid GC-Extreme thermal compound: $20
•  Samsung 512GB 960 Pro PCIe NVMe M.2  

solid-state drive: $300
• Seagate 3TB 7200rpm SATA hard drive: $85
• NVIDIA Quadro P5000 graphics card: $1,900
• Windows 10 Professional 64-bit: $200
• Keyboard and mouse: $30
TOTAL: $4,252

That means if one were to purchase the parts 
and build it on their own, it would save less than 
$700 (compared to the as-built Origin price with a 
one-year warranty). Buying a system assembled 
by trained technicians and backed by a warranty 
from a reputable company is worth the cost when 
it comes with the peace of mind of knowing that 
the system is guaranteed to work when it shows 
up at the door. With Origin charging less than a 
16% premium, rest easy and let them build it. 
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Workstations
Compared

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

BOXX  
APEXX S3

one 3.70GHz Intel 
Core i7-8700K 

6-core CPU 
over-clocked to 

4.8GHz, 
NVIDIA Quadro 

P4000, 
32GB RAM, 
512GB SSD

Lenovo 
ThinkStation 

P320 Tiny
one 2.90GHz Intel 

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

RAM, 512GB SSD

HP Z2 Mini G3
one 3.2GHz Intel 

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

SATA HD

Lenovo  
ThinkStation 

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

RAM, 1TB SATA 
SSD HD

Price as tested $5,385 $6,603 $4,549 $1,479 $1,698 $2,515

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

Operating System Windows 10
Home

Windows 10
Home

Windows 10
Pro

Windows 10
Pro

Windows 10
Pro

Windows 10
Pro

SPECviewperf 12 (higher is better)

3dsmax-05 150.40 143.38 140.20 30.87 33.19 n/a

catia-04 206.44 159.73 170.48 40.37 33.97 89.66

creo-01 169.24 96.93 148.65 41.63 36.68 76.93

energy-01 18.64 18.58 12.62 0.41 0.63 6.34

maya-04 134.99 114.39 120.80 37.07 29.95 63.31

medical-01 79.37 76.94 56.17 12.24 10.74 26.62

showcase-01 103.99 102.04 82.78 16.32 19.63 46.58

snx-02 218.72 201.65 159.37 36.04 28.29 125.39

sw-03 212.00 167.42 196.79 63.53 57.90 106.37

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 5.86 3.38 6.25 2.59 2.51 8.08

Shaded Graphics Sub-Composite 3.91 2.22 4.53 1.99 2.04 4.87

Shaded w/Edges Graphics Sub-Composite 4.95 2.70 5.55 2.46 2.58 5.97

Shaded using RealView Sub-Composite 4.38 2.43 5.51 2.17 1.94 6.43

Shaded w/Edges using RealView Sub-Composite 4.92 2.73 5.93 2.60 3.33 9.99

Shaded using RealView and Shadows  
Sub-Composite

5.02 2.80 5.82 2.25 1.73 7.23

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

5.21 2.90 6.22 2.55 2.84 10.47

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

14.60 9.22 10.77 3.97 2.21 16.01

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

13.94 8.46 11.93 4.49 3.37 22.75

Wireframe Graphics Sub-Composite 4.58 2.99 4.67 2.05 3.46 3.26

CPU Composite 3.87 4.25 4.27 1.67 2.78 5.08

SPECwpc v2.0 (higher is better)

Media and Entertainment 4.93 5.03 4.91 1.44 2.53 2.84

Product Development 4.88 5.26 4.65 1.36 2.40 2.79

Life Sciences 5.65 7.32 5.24 1.39 2.59 3.03

Financial Services 6.14 10.37 6.07 1.70 3.11 4.60

Energy 7.48 5.76 4.91 1.10 1.97 3.11

General Operations 1.91 1.55 2.33 0.86 1.47 1.14

Time

Autodesk Render Test  (in seconds, lower is better) 28.80 34.30 33.40 109.90 62.40 50.10
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mance benchmark, the Origin 
M-Class workstation performed 
very well, turning in top scores 
on some individual components 
of the suites of tests (includ-
ing Media and Entertainment 
and Product Development) and 
achieving the best overall results 
in the Energy category of tests.

On our AutoCAD rendering 
test, a multi-threaded test that 
shows the advantage of fast CPUs 
with multiple cores, the Origin 
PC M-Class workstation took an 
average of 28.8 seconds, just 3.5 
seconds behind the fastest system 
we have ever tested.

Throughout our tests, the sys-
tem was very quiet. It was barely 
audible against the ambient noise 
most of the time, with sound pres-
sure increasing to just 46dB under 
heavy compute loads.

Origin comes preloaded with 
Windows 10 Professional 64-bit, or save $129 by ordering the 
workstation without an operating system. Our M-Class work-
station arrived with its standard cardboard box packed inside 
a wooden crate, like the Millennium Pro X2 workstation we 
reviewed three years ago. When we went through the online 
configuration, however, we noticed that this added $50 to the 
cost of the system, so we did not include the crate in our as-
configured price.

Origin does not include a keyboard or mouse unless those 
are specifically added to the order. Here again, Origin offers lots 
of choices, including USB and wireless input devices. We added 
a basic Microsoft wired keyboard ($25) and optical mouse ($15).

Origin also only includes a one-year parts warranty in its 
base price. But, since workstations from most major OEMs 
come with a three-year warranty, we added the longer parts 
warranty ($399) in determining the “as-tested” price.

Once we tallied everything (including the input devices 
and longer warranty), our system priced out at $5,385—ex-
pensive, but reasonable considering everything that was 
included. Although not quite as fast as the Velocity Micro 
ProMagix HD80A workstation we recently reviewed, the 
Origin system costs $1,200 less while delivering excellent 
performance. Choosing an NVIDIA Quadro P4000 instead 
of the P5000 would reduce the price of the Origin M-Class 
to just over $4,000. Either way, the Origin M-Class worksta-
tion is a class act. 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 ➜ Origin PC: Originpc.com

Origin M-Class
• Price:  $5,385 as tested ($1,198 base price)
• Size: 8.25x16.12x16.12 in. (WxHxD) tower
• Weight: 25.25 lbs.
•  CPU:  Intel Core i7-8700K (6-core) 3.7GHz w/12MB cache,  

overclocked to 4.9GHz 
• Memory: 64GB DDR3 at 3000MHz (4X16GB), 64GB max
• Graphics: NVIDIA Quadro P5000
•  Hard Disk: 512GB Samsung SSD 960 NVME M.2 primary drive,  

Seagate Barracuda 3TB data drive 
• Floppy: None
• Optical: None
•  Audio: Integrated Realtek ALC1220 7.1-channel HD audio 

(front panel: headphone and microphone; rear-panel: 
microphone, line-in/side speaker out, line-out/front speaker, 
rear speaker, center/subwoofer) 

•  Network: Integrated Intel I219-V gigabit LAN with one RJ45 
port; integrated Intel Dual Band wireless-AC 8265 module 
with two antennas

•  Modem: None
•  Other: Seven USB 3.1 (2 front/5 rear), one USB 3.1 Type-C port 

rear, PS/2 mouse and keyboard ports, four DisplayPorts and 
DVI port on NVIDIA board 

•  Keyboard: None included (optional Microsoft keyboard added 
to price)

•  Pointing device: None included (optional Microsoft optical  
mouse added to price)

•  Warranty: One year parts, free lifetime labor and support,  
45-day shipping standard (three-year parts replacement and 
free shipping warranty added to price)

PERFORMANCE
(based on SPECwpc Product Development benchmark dataset)

P
R

IC
E

Price vs. Performance of Recent Workstations
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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.

To mark the 8086’s debut, Intel 
launched the 8th generation of its Core 
i7 processor series with the Core i7-
8086K Limited Edition (LE) chip. It’s 
Intel’s first six-core processor with a 
4.0GHz base frequency out of the box 
and its first processor to deliver up to 
5.0GHz single-core turbo frequency.

BOXX snagged some of these CPUs 
and built its APEXX Special Edition 
(SE) workstation around it. Special edi-
tion means limited quantities of this 
workstation will be built. Benchmarks 
show solid performance gains for com-
mon SOLIDWORKS jobs.
MORE ➜ digitaleng.news/de/?p=45231

Workstation Sustains 5.0GHz Clock Across 6 Cores
Overclocked frequency should speed CAD, 3D modeling.

Optimize Designs Automatically
Integrated tool swaps out manual optimization processes with automation.

CORTIME from CORTIME is a para-
metric optimization tool that integrates 
with SOLIDWORKS. It helps you find 
the optimal design using your objec-
tives. It replaces manual design opti-
mization process with an automated, 
data-driven approach.

The run checker feature tests design 
space robustness before initiating an 
optimization. Also, this CORTIME 
tool offers a wide range of tools for 
analyzing the optimal design. A demo 
version is available.
MORE ➜ digitaleng.news/de/?p=45085

CFD in the Cloud
EXN/Aero end-to-end CFD solution now hosted on Google Cloud platform.

From your browser, you access EXN/
Aero’s solver and its meshing and post-
processing tools. Meshing uses the 
Pointwise engine. It has automated 
meshing capabilities, and hybrid struc-
tured/unstructured mesh topology is 
supported. You can use your own post-

processor if you prefer. EXN/Aero has 
an assortment of on-demand compute 
options, enabling you to scale your sim-
ulations on the fly. EXN/Aero solver 
has a slew of models, starting with LES/
DES, RANS and SST-RANS.
MORE ➜ digitaleng.news/de/?p=44902

Model Validation Solution Upgraded
CADIQ 11 enhances functionality and usability for proving CAD geometry and PMI.

ITI (International TechneGroup Inc.) 
released CADIQ version 11, the newest 
edition of its 3D CAD model validation 
and product quality solution. It’s de-
signed to find the differences between 
3D CAD master files and their deriva-
tives automatically.

It highlights found issues and pro-
vides a full report with statistics. Then, 
you can take whatever action needed to 
make sure the derived file is exactly the 
same as the master and doesn’t mess up 
downstream operations.
MORE ➜ digitaleng.news/de/?p=44767
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////////////////////////////////////////////////////////////////
Student Design Competition Profile: Base 11 Space Challenge

Next-Gen Engineers

To learn more about this competition, we spoke to Al Bun-
shaft, senior vice president, Americas Global Affairs at Dassault 
Systèmes, and Landon Taylor, CEO at Base 11.

Digital Engineering: Can you provide an overview of the 
Base 11 Space Challenge competition? 

Al Bunshaft: The mission behind the Base 11 Space Chal-
lenge is to dramatically increase the science, technology, engi-
neering and mathematics (STEM) talent in the U.S. with greater 
representation and inclusion of women and minorities, while em-
powering the future workforce with the education and skill train-
ing necessary for jobs in the aerospace and related industries. 

People often ask how a rocket competition can improve diver-
sity in STEM, and here’s the answer: The Base 11 Space Chal-
lenge enhances the STEM talent pipeline and supports inclusion 
by requiring university teams to strengthen their own talent pipe-
line. By partnering with local community colleges, high schools 
and nonprofits to share outreach activities, teams can engage and 
ultimately recruit more diversified talent to enhance and sustain 
their teams over the four years of the challenge and beyond.

Landon Taylor: The Base 11 Space Challenge is the direct 
result of two things that happened last fall. The first was the 
overwhelming success of the Aerospace Workforce Develop-
ment Symposium & Expo, which was hosted by Base 11, Das-
sault Systèmes and University of California, Irvine. The second 
was that I read the book “Bold” by Peter Diamandis around 
that time, which spoke to the power of bold thinking, incentive 
prizes and crowdsourcing. I realized a $1 million incentive prize, 
if designed right, could really change the game. Fortunately, we 
had a private donor who agreed, and funded the prize purse.

Bunshaft: About 120 people from about a dozen schools 
and 26 companies attended our announcement event on June 6, 

which was headlined by former NASA Astronaut Leland Melvin. 
He serves as the exact role model of what is possible for young 
children when they are made aware of opportunities in STEM, 
given access to those opportunities and instilled with the belief 
that they can accomplish them. Since that event, 170 individuals 
have signed up, expressing their interest in the challenge. 

Challenge Launches 
STEM Skills Into Space
BY JIM ROMEO

THE BASE 11 SPACE CHALLENGE is a $1 million 
prize for a student-led university team to design, build 
and launch a liquid-propelled, single-stage rocket to 
an altitude of 100 km (the Karman Line) by Decem-

ber 30, 2021. The challenge will feature annual competitions 
where students reach milestone achievements during the devel-
opment of liquid-fuel rockets, including design, static testing 
and smaller popup innovation challenges. The biggest purse, 
which is fully funded, is the $1 million space launch prize.

MORE ➜ digitaleng.news/de/?p=45433

A UCLA student with a liquid fuel rocket.  
Image courtesy of Base 11.
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High-Performance Computing and 
the Art of Innovation

So, taken literally, engineering is not science, it is art. The 
same creativity that takes an artist’s raw material from paint to 
painting is the same creativity that drives the application of dif-
ferential equations into machines that economies demand for 
growth. The challenge for today’s engineering companies is to 
ensure that creative ideas are efficiently converted into real-
world products and delivered at industrial scale.

Since the development of integrated circuits, engineers 
have been advancing further from the slide rule. In manu-
facturing, the automotive industry is a shining example of 
increased efficiency. But what is driving innovation further, 
improving our products and enhancing our usability of them 
and our lives? Everything from scientific calculators to high-
powered CAD stations have brought us this far, but high-per-
formance computing (HPC) provides engineering companies 
with the opportunity to apply the models that scientific knowl-
edge and mathematics offer. 

About 10 years ago, it took three weeks to set up, run and 
analyze one crash test simulation. Now, thanks to the speed, in-
tensity, depth of processing and data analysis provided by HPC, 
thousands of crash test simulations can be run in a single day.

HPC for SMEs
In a speech given at ISC15, Jürgen Kohler, senior manager, 
NVH CAE and Vehicle Concepts at Mercedes-Benz, noted that 
although most manufacturing companies are small- and medium-
sized enterprises (SMEs), very few use HPC. What is preventing 
the use of available HPC software tools? The first limitation is a 
resistance to change.

In SMEs, there is often resistance to invest in capital when 
conventional technologies yield an acceptable result. With 
HPC, implementations have required significant investment 
in high-powered servers. The high power demand of HPC 
servers will push the limits of conventional corporate data 
centers, and may require an investment in resources to de-

velop and procure new data center solutions.
The second major impediment to a rapid uptake of HPC 

within the manufacturing sector is a lack of knowledge about 
the computing systems required for the latest HPC applications. 
Large manufacturers have teams dedicated to the development 
and operation of the company’s internal HPC infrastructure. 
Using the example of crash test simulations, a different skillset 
to set up and activate the simulator, as well as to interpret data 
outcomes, is required. The lack of in-house knowledge of vary-
ing computing structures may require an experienced HPC 
partner to deploy and ensure effective utilization. Dependency 
on personnel limits the ability to scale quickly, and creates 
strains on the business that are often greater than those pre-
sented by the non-recurring costs to purchase HPC servers.

The final challenge that SMEs must overcome is scale. Large 
manufacturers have shown that when HPC is successfully ap-
plied to the next product, bottom-line performance can drive 
the company to invest further. For many advanced manufactur-
ers, growth in HPC compute is exponential. This type of in-
dustrial growth requires forethought and planning even before 
overcoming the hurdles of capital and personnel. 

Focus on Core Competencies
The recipe for success in HPC is no different than in how any 
innovative company achieves success. Manufacturing engineering 
companies should invest heavily in research into the science and 
the mathematical models that can be creatively applied to the next 
innovation. They also need to surround themselves with partners 
that can enable growth in areas that are not a core component of 
business success, such as an expertise in HPC servers, including 
online access and tools that allow the most complex parallel com-
puting clusters to be deployed in a matter of minutes.

HPC delivered at industrial scale will allow an idea to move 
from an R&D concept to a fully scaled and repeatable process as 
quickly as an engineering company can create the next science 
application into a solution. DE 

As chief technology officer for Verne Global, Tate Cantrell is respon-
sible for setting the technical direction for the company. He oversees 
the design and development of all aspects of its data center campus. For 
more information, visit VerneGlobal.com.

ENGINEERING ENTAILS THE APPLICATION 
of scientific knowledge and mathematical methods 
to make properties of matter and energy useful to 
people, as well as to design and manufacture com-

plex products—at least according to Merriam-Webster.  
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Tasks: 

•  Multidisciplinary and Multi-Objective 
Optimization (MDO/MOO)

•  Discrete and Mixed Optimization

•  Global Optimization

•  Robust and/or Reliability-based Optimization

•  LS-DYNA® statistics, including outlier analysis and 
LS-PrePost® support

•  Parameter Identification with matching of noisy, 
steep and hysteretic curves

•  Full-field calibration using Digital Image 
Correlation 

•  Uncertainty Quantification

•  Sensitivity Analysis

Solvers and Methods:

•  Sequential Response Surface Method

•  Genetic Algorithm and Efficient Global 
Optimization (EGO)

•  NSGA-II algorithm for MOO

•  Monte Carlo methods (direct and metamodel-
based)

•  Outlier Analysis

•  Support Vector Machines (SVMs) for Statistical 
Classification

•  Taguchi Method

•  Curve similarity measures: Dynamic Time 
Warping (DTW), Partial Curve Mapping and 
Discrete Fréchet

•  Experimental Design: Space-filling, Full or 
Fractional Factorial, Latin Hypercube

•  Metamodels: Neural networks, Polynomials, 
Kriging and Support Vector Regression

•  Network-based job scheduling

LS-OPT® for Design Optimization  
and Parameter Identification

For demo version, pricing, and learning version contact: sales@lstc.com

Material Parameter Identification

LS-OPT® GUI Defining Process Flow

LS-OPT® is a simulation-based optimization tool which enables the solution of complex, multi-stage 
design processes or regression/classification tasks. LS-OPT® interfaces with LS-DYNA® (e.g. result 
extraction) and also supports popular pre- and post-processors, e.g. for shape optimization. For 
visualization of results, graphical pre- and post-processing tools are included in the package.

www.lsoptsupport.com

GISSMO model Calibration 
(DTW)

Digital Image Correlation  
(Full Field)

   Actual (LS-DYNA)  Classifier (blue outline)

Parametric Vehicle Side Intrusion Using a Classifier

x-strain  
Optimization history (blue-red)
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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.

comsol.blog/5G
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