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|  D E G R E E S  O F  F R E E D O M  |
By Brian Albright

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

Engineering At the Movies

I have to admit that the entirety of this theme 
issue was the result of a completely selfish bit 
of curiosity on my part. My kids and I watch 
a CW superhero show called “Stargirl” every 
week. One of the characters on the show uses a 
12-foot robotic mech-suit to fight crime. While 
most of the special effects on the show (and in 
most similar films and TV shows) are computer 
generated, I was surprised  to see that the robot 
(dubbed S.T.R.I.P.E.) was clearly a physical 
prop. A really big prop. 

This was a rare instance where one of my per-
sonal interests (filmmaking) intersected with my 
day job. I had to know how that thing was built, 
and because I happen to be the editor of a distin-
guished engineering magazine, I had no problem 
calling up the folks who made it. 

You can read more about the S.T.R.I.P.E. 
robot design in a case study within this issue. 
What I found interesting was that, while special 
effects do not require the same amount of safety 
and stress testing a real robot or car would need, 
the tools used to create these effects are much the 
same as our average readers use to build real ma-
chines, vehicles and products.

Increasingly, the technology advances in 
each of these spheres (manufacturing and en-
tertainment) are benefitting each other. You 
can see that in high-end rendering, visualiza-
tion, virtual reality, artificial intelligence, 3D 

printing, rapid prototyping, etc. The same is 
true when it comes to gaming design.

So in this issue, we take a look at how gaming 
engines are working their way into design pro-
cesses; how CAD contributes to visual effects; and 
how common design technologies are being used 
to help some familiar superheroes fight crime.

This was a fun issue to put together, and 
allowed me to revisit an earlier period in my 
journalistic career. In a past life when I was still 
a freelancer, I used to write regularly about film 
and television production. My work was largely 
focused on the low-rent side of the business. My 
highest profile interviews were probably with 
Oscar-nominated director Richard Rush and 
legendary producer Roger Corman. On the other 
end of the spectrum, I interviewed the folks who 
made the 1972 film “Invasion of the Blood Farm-
ers.” (Honest, it’s a real movie.)

My own son, however, has already lapped 
me. Thanks to a family connection at his school, 
he got to interview Joe and Anthony Russo, the 
Cleveland-born brothers who co-directed the last 
two “Avengers” movies.

He’s showing me up, and he hasn’t even fin-
ished middle school yet.

W ELCOME TO A VERY SPECIAL EDITION OF DIGITAL ENGINEERING 
MAGAZINE, in which we venture from the factory floor to the Dream Factory of Holly-
wood, where the same CAD, simulation and prototyping technologies leveraged by aero-

space and automotive manufacturers are used to create robots, aliens, monsters and flying cars.

Brian Albright, Editorial Director 
E-mail me at balbright@digitaleng.news
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 | AR ON THE RISEAR on the Rise

Source: IDC White Paper, sponsored by HCL and Librestream

Source: International
Data Corp. (IDC)

““AR is a key way that C-suites are achieving transformation at scale.
Spending on AR is expected to grow 18-fold over the next four years:
from $2.7 BILLION in 2021 to $48.6 BILLION in 2025. Use cases will integrate AR
with AI-centric products, IoT, new devices and smart analytics to build knowledge
networks that enable workforces to digitally access the data, people, and workflows
that help them perform their work fast, ef�ciently, and safely.””–ANDREA MINONNE,

Senior Research Analyst at IDC

Perks
of Implementing
an AR-Remote

Workforce
Transformation

Strategy

INCREASE in worker productivity

INCREASE in cost savings

FASTER turnaround for aircraft on the ground

DECREASE in required onsite visits

INCREASE in number of inspections

FASTER issue to resolution

70%

30%

60%

5X

300%

80%

$48.6
BILLION IN 2025

Augmented reality (AR)
technology spending
will reach

$4.9
BILLION

The size of the market for fully printed sensors by
2032, according to IDTechEx. This growth will be driven
by the rise of new applications and technologies.

$2
TRILLION

The size of the engineering services outsourcing
(ESO) market by 2026, according to Global
Industry Analysts.

Compound annual growth rate
the market will experience

15.1%

The design segment’s share
of the total ESO market

23.9%
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By Ashley Eckhoff, Siemens

Revolutionizing Prosthetics  
with 3D Printing

A dditive manufacturing (AM) has shown great po-
tential in the medical device industry. One company 
looking to capitalize on AM’s potential, is Unlimited 

Tomorrow with its TrueLimb prosthetics. The company was 
started by Easton LaChappelle, who, at age 14, created a ro-
botic arm for $300 from household items. But the real spark 

to innovate came after 
he learned that many 
traditional prosthetics 
were no more than 
simple pinching de-
vices with very high 
price tags, and they 
often suffered form fit 
or comfort issues. 

AM was the key 
solution to these 
problems. It provides 
the ability to produce 
small lot sizes, the 
ability to manufacture 
the complex geom-

etries, and it enables much more rapid manufacturing cycles. 
Unlimited Tomorrow is looking to improve adoption rates 
dramatically. To achieve that goal, The company asked for 
help from Siemens Software to automate product develop-
ment and to scale their operation.

Streamlining Custom Design and Production
Providing a comfortable fit for a prosthetic is a difficult task 
for adults who have stopped growing, and a constant struggle 
for growing children.  Paying $80,000 for a prosthetic a child 
may only use for a few months is a heavy lift for many fami-
lies with child amputees. 

TrueLimb is the industry’s first lightweight, realistic, 
multi-articulating prosthetic limb, all at a tenth of the cost of 
traditional solutions. AM and modern parametric design have 
been crucial to the development of TrueLimb because they 
enable rapid production of the organic geometries associated 
with human anatomy. This is especially vital in creating the 
socket that is the human-device interface between the patient 
and the prosthetic arm. The geometry to design the socket is 
taken from 3D scans of the patient’s partial limb.

However, designing the geometry 
of the socket is only one step.  The 
parts must then be manufactured with 
great precision. The tight integrations 
between Siemens NX software and HP 
580 color 3D printers allow Unlimited 
Tomorrow to produce a precise, custom 
prosthetic for every patient.

Efficiency for Everyone
Customers can undertake the entire process of obtaining a cus-
tom prosthetic without ever leaving the comfort of their home. 
They first submit a 3D digital model of their limb captured in 
their home using a tablet with specialized software and hard-
ware. This streamlines the order and fitting process immensely.

Siemens software helped Unlimited Tomorrow make the 
entire process as efficient as possible with improved model-
ing capabilities. Siemens and Unlimited Tomorrow worked 
together to improve the workflow using software from 
Siemens like NX and Product Template Studio to combine 
automation with rule-based parametric design.

Scaling for the Future
Unlimited Tomorrow has ambitious goals for the future, and 
that includes getting prosthetics to as many patients as pos-
sible worldwide.

The company is working on a simple interface using the 
power of Siemens software to empower clinicians to modify 
and customize the sockets for patients. This solves the prob-
lem of scalability by allowing medical professionals, without 
extensive training in engineering or product design, to prop-
erly fit a prosthetic. 

Success with Additive
Additive manufacturing is a powerful tool for creating per-
sonalized devices that are literally an extension of the human 
body. Unlimited Tomorrow is doing amazing work pioneer-
ing the use of AM in fully customized products, and its work 
with Siemens Software on expanding the accessibility to the 
design tools shows a commitment to providing their technol-
ogy to as many people who need it as possible. The future for 
Easton and Unlimited Tomorrow is bright, and that’s good 
news for millions of amputees globally.

Ashley Eckhoff

http://sw.siemens.com
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Leading end users, vendors outline the future of additive manufacturing in Chicago.

ROAD TRIP

Melissa Orme of Boeing presented the 
opening keynote at RAPID + TCT.

  2021 marks the 30th RAPID event, 
and the day kicked off with remarks 
from Stratasys CEO Nadav Goshen 
and Society of Manufacturing Engi-
neers (SME) CEO Bob Willig—who 
noted that he had recently had cervical 
spinal fusion surgery that involved re-
ceiving a disc spacer that had been cre-
ated via additive manufacturing (AM).

 The headliner, though, was Melissa 
Orme, vice president of additive manu-
facturing at Boeing, a leading adopter 
of 3D printing in the aerospace sector. 

ccleaner, cheaper, smarter products that 
cannot be made traditionally.”

 AM is also a sustainability driver. 
Lighter weight and optimized designs 
mean less material is used. Additive 
manufacturing allows for recycling of 
support structures and unprocessed 
powder. Users can also reuse and repair 
these parts and make products more du-
rable, Orme added. 

Looking to the Future
According to Orme, Boeing is expand-
ing from laser sintering AM to direct 
metal laser sintering technology. The 
company is also open to more out-
of-the-box thinking and hybrid ap-
proaches.

“We have to keep our minds open 
for what is next and be able to face the 
technology leaps with agility,” she said. 
“That is hard working in aerospace, 
where we have to prove repeatable, reli-
able performance. How do we scale?”

 A key element that does not yet exist 
is a standardized data framework that 
will allow Boeing to continuously adopt 
new technologies while reducing mate-
rial inconsistencies.

 “We have to make sure the mate-
rial we are creating with the machines 
is consistent, and we need to remove 
the brute force post-processing if we 
want repeatable and reliable [parts],” she 
said. “We need to repair the disjointed 
AM ecosystem and create a digital in-
frastructure so we can collect all of that 
data and connect to the digital thread.”

 She emphasized that AM efforts 
must be focused on that repeatability/
reliability mantra. “We create a great 

She noted that Boeing has more than 
70,000 additively manufactured parts 
flying today in Boeing aircraft.

 She described several categories 
of added value that additive brings to 
manufacturing. First, there is product 
value. “We can use additive manufac-
turing to design in those small, confor-
mal spaces and create components and 
segments of products that cannot be 
made traditionally,” Orme said.

 “There is no Plan B for using tradi-
tional methods,” she noted. “If you have 
a Plan B, you have limited yourself be-
cause you haven’t gotten the most out 
of additive manufacturing.”

 There is also program value. “You 
can win a contract because of addi-
tive content. We can deliver faster or 
cheaper, or we can accelerate design to 
market because of how we create tool-
ing and mockups. And sustainability is 
embedded into that,” Orme added.

 Additive also allows for greater 
product differentiation. “This is more 
than making the part better and insert-
ing that part into an airplane or what-
ever your end use is,” she said. “You 
do not get a good business case from 
a part-for-part replacement. AM will 
allow you to improve functionality and 
performance. AM permits a strategy 
to adapt to moving to an environment 
of product development for faster, 

L
ive industry events have been few and far between since 
the start of the COVID-19 pandemic in 2020. On Sept. 
13, the RAPID + TCT conference (co-located with the 
FABTECH expo) drew a healthy (and masked) crowd to 

McCormick Place in Chicago.

 BY BRIAN ALBRIGHT

3D Printing Innovations Shine at RAPID + TCT
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The RAPID + TCT Conference in 
Chicago showcased a wide variety 
of 3D printing technology, as well 
as post-processing and software 
solutions for additive manufacturing. 

part in additive, and it works great the 
first time, but then it doesn’t work the 
next time. We have to make sure every 
single time out of that machine, and 
out of the next machine, we are getting 
the same exact thing.”

 To get there, additive machines 
must be industrialized. “If I am open-
ing up two of the same machines, they 
need to have the same ducting, the 
same wiring, the same bill of materials. 
If they don’t, then they are two differ-
ent machines. If you have two different 
machines, you can’t expect the same 
thing out of them,” Orme said.

 Original equipment manufacturers 
(OEMS) must also provide more data 
access so that users can optimize their 
processes and prints. Data protocols 
among OEMs can vary considerably. 
She also noted that design allowables 
have an impact on the business case, so 
coupon data is critical to reduce costly 
testing. And when machines become 
obsolete, the material data should be 
transferable to new machines based on 
those design allowables.

 The digital thread is another key 

focus at Boeing. Ac-
cording to Orme, 
digital thread tech-
nology allows the 
company to collect 
data from across 
the value stream 
(engineering data, 

post-processing inspection, machine 
data, in-situ monitoring, oxygen con-
tent) and perform analytics. The ana-
lytics leverages artificial intelligence 
and machine learning.

 “We use that to create models and 
feed that back into our value stream for 
optimization,” Orme said. “That allows 

us to get better, to optimize our value 
stream, and to really ensure quality.”

 Data will be critical for expanding 
the use of additive manufacturing, Orme 
said. “We need to have done the home-
work and we need that deep understand-
ing of how to mitigate risk so that addi-
tive manufacturing becomes a standard, 
viable manufacturing option so we can 
create differentiated products, not just 
differentiated parts,” she said.

 Companies also need to embrace 
additive as a new way of approaching 
part and product design. “To really em-
brace additive manufacturing, you have 
to let go of the Plan B of traditional 
manufacturing solutions,” she said. 
“That is going to be limiting in terms 
of the value you get.”

T
he inaugural Digital Engineering online Design & 
Simulation Summit launched on Oct. 7. For the one-
day event, the DE team put together a stellar lineup of 
knowledgeable speakers and informative presentations, 

to help engineers identify the right tools for their jobs and 
avoid common technology pitfalls. 

Highlights from DE Design  
& Simulation Summit

Presentations and talks from the 
event are now available for on-demand 
viewing. Here are some highlights.

Keynote: Putting Digital  
Twins to Work
Researcher Michael Kapteyn from 
the Oden Institute for Computational 
Engineering and Science, University 

of Texas, has spent the last 5 years re-
searching computational models and 
digital twins. He focuses on making 
self-aware digital twins that are scal-
able for enterprise adoption. 

“A digital twin is a computational 
model that evolves over time to per-
sistently represent the structure, be-
havior and context of a unique physi-

http://www.digitalengineering247.com/summit21
http://www.digitalengineering247.com/summit21
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ROAD TRIP

cal asset, and informs decisions that 
realize value,” said Kapteyn, citing his 
preferred definition from a position 
paper published in AIAA and AIA 
(“Digital Twin: Definition & Value, ” 
December 2020).

Kapteyn’s presentation was based 
on a project to model the flight pat-
tern and behaviors of an unmanned 
aircraft in collaboration with Akselos 
and Aurora Flight Science. 

“Digital twins should not be 
thought of as a Big Data problem,” he 
said. “We really need to harness the 
power of engineering simulation that 
we have been developing over the last 
decade. We have a set of verified and 
validated mathematical algorithms like 
FE [finite element analysis].” 

Currently, most digital twins are 
“one-off, ad-hoc twins,” Kapteyn 
noted. “We have to move to a point 
where digital twins become a technol-
ogy available to every engineers.” 

Session 1: The Myths and 
Realities of Generative Design
Joe Walsh, CEO and co-founder of 
the ASSESS Initiative, and Dr. An-
dreas Vlahinos, CTO of Advanced 
Engineering Solutions, joined forces 
to separate the myths and realities of 
generative design (GD). 

A champion of simulation de-
mocratization, Walsh discussed the 
industry’s lack of consensus on what 
GD is, how it’s different from the clas-
sic topology optimization methods 
and what the current incarnation’s 
shortcomings are. A veteran of the 
simulation software industry, Vlahinos 
explained how the users prefer to work 
with GD tools, what the GD software 
in the market allows you to do and 
how to bridge the gap.

“GD opens up the possibility of 
creating designs suited for additive 
manufacturing (AM) that we couldn’t 
otherwise come up with,” commented 
Walsh. “So it lends itself very well to 
the AM approach, especially in light-
weighting.” 

“A quarter century ago, we could 
generate designs that we couldn’t 
manufacture. Five years ago, we 
could manufacture parts that we 
couldn’t design,” observed Vlahinos, 
pointing out the advent of metal-
based additive manufacturing. Gen-
erative design, he predicted, will 
enable “a tsunami of changes, driven 
by generative algorithms that go be-
yond human intuition.” 

Session 2: How Can Designers 
Really Take Advantage of FEA?
In the simulation track, Tony Abbey, 
a simulation consultant, FEA instruc-
tor for the industry group NAFEMS 
and a regular contributor to DE, 
discussed the two distinctly different 
approaches to simulation: the FEA-
centric approach that revolves around 
FEA entities; and the CAD-centric 
approach that makes FEA tools acces-
sible inside CAD programs. Compar-
ing the two options, Abbey offers his 
assessments on how different types of 
simulation users might employ these 
approaches. He also addresses the 
chicken-and-egg dilemma: To start 
your design, you need simulation data 
for guidance; but without a concept 
design, there’s nothing to simulate, so 
where do you begin? 

Session 3: Designing for the 
Entire Additive Manufacturing 
(AM) Process
Is AM the Holy Grail that will trans-
form manufacturing and replace sub-
tractive methods? Should you print 
something just because you can? Mark 
Barfoot, director of Additive Manufac-
turing Programs, EWI, offered a reality 
check. To take advantage of AM, you 
must take into account what the tech-
nology can and cannot do; and be well-
versed in what is called DfAM (design 
for AM). From material consideration 
and AM-friendly topology to post-pro-
cessing requirements, Barfoot explained 
how each component affects the cost 
and scope of the project.

Session 4: Configuring the 
Right Engineering Workstation
Choosing a workstation is not just 
about getting the fastest processor, the 
biggest hard drive, the largest memory 
allocation, and the strongest GPU. It’s a 
matter of balance, said David Cohn, se-
nior content manager for CADLearn-
ing products at 4D Technologies and 
DE’s resident hardware reviewer. In this 
track, Cohn discussed how to match the 
workstations’ components to the type 
of software you run and the tasks you 
routinely execute. Is integrated graphics 
enough for your needs? Do you need 
a discrete GPU? What kind of RAM 
is better for your work? David tackled 
these questions and more.

You can learn more about the Summit 
and register at DigitalEngineering247.
com/summit21.

http://DigitalEngineering247.com/summit21.
http://DigitalEngineering247.com/summit21.
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For sculpting the muscle structures of King Kong and his 
thick coat of hair, polygon-based modelers like Autodesk 3ds 
Max, Maya or ZBrush are a better choice. On the other hand, 
for constructing spacecraft with well-defined solid geometry 
and surfaces, and for recreating iconic vehicles and build-
ings in their true dimensions, CAD is a better choice. After 
all, CAD is the engineers’ preferred program for making 

When Fantasy Mimics  
Reality

Shining a spotlight on the engineering tools used by movie makers.

BY KENNETH WONG

The types of 3D objects typically found in the film industry can be divided into two categories: Organic objects and 
hard-surface objects. Organic objects range from the primeval ape in “Kong: Skull Island” to the nightmarish crea-
tures in the “Alien” franchise inspired by H.R. Giger’s artwork. Hard-surface objects are the iconic X-wing fighters 

from the “Star Wars” series, Tony Stark’s high-tech body suit in “Ironman,” and Optimus Prime and his Autobot comrades in 
the “Transformers” films.

manufacturable objects. (Note that CAD may also be used by 
some as an all-encompassing term to refer to 3D modeling 
software of any kind in general.) 

As the degree of realism in movies has increased, so 
has the use of digital wizardry in the industry. With the 
introduction of 3D printing, the use of CAD to design 
and make instantly printable movie props is also becoming 

The Batmobile as part of the SOLIDWORKS 2018 
presentation, by SOLIDWORKS users Joe Hiura and 
Robert Andrew Johnson. Image courtesy of Warner Brothers.
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more common. In this article, we look at the collision of 
parametric modeling and polygon pushing to understand 
how each complements the other to create the make-
believe world of movies.

Making Manufacturable Objects for Movies
In movie industry lingo, Kirill Chepizhko is a hard-surface 
modeler. With credits in “Star Wars: Rogue One,” “Trans-
formers: The Last Knight” and “Kong: Skull Island,” 
Chepizhko uses his industrial design skills to add a sense of 
realism to the objects he creates. When he needs to emulate 
an object in reality, whether a piece of a weapon, a vehicle or 
a building, his software choice is Autodesk Fusion 360.

“I would use Fusion 360 to do those in the real world, so 
to do it in the virtual world, it makes sense to take the same 
approach. That way, the finished look will be very close, if 
not identical, to what is manufactured,” he reasons.

Bryce Heventhal, senior manager, Technical Marketing, 
Design & Manufacturing at Autodesk, says, “I could model 
a truck’s solid geometry in Autodesk Fusion 360 within 
minutes, but to do the same work in triangle-based [polygon-
based] programs would take much longer.

“There hasn’t been a good workflow developed for CAD 
to polygon modelers,” Heventhal adds. “A lot of it is still 
done via a triangle-based format like OBJ.” 

For props that need to be 3D printed, the standard ap-
proach is to export the file as STL, he notes. But in the future, 
Heventhal sees the emerging 3MF format overtaking STL. 

Many see 3MF as a better alternative to STL. The standard 
is championed by the 3MF Consortium, supported by members 
such as Autodesk, Dassault Systèmes, HP and PTC. In addition 

to geometry, the format can also convey color information and 
distinguish support structures (to be removed after printing). 

Chepizhko recalled working on a Nissan Rogue advertis-
ing campaign, tied to the film “Star Wars: Rogue One.”

 “In that case, Nissan provided the CAD files, but we 
couldn’t use them straight away, because the CAD models 
are not easily adjustable into the filmmaking pipeline. Our 
first job was to take that CAD car model apart and strip off 
the unnecessary details, and then rebuild it in polygons,” 
Chepizhko says.

CAD models are usually complete with holes, bolts, fas-
teners and internal components invisible from the outside. 
Such details are an unnecessary burden for filmmakers, who 
are mainly concerned with the outer shape of the vehicle vis-
ible to the camera. In most cases, such a model needs to be 
converted into mesh- or polygon-based format for easier ed-
iting and manipulation in film-friendly modeling programs.

Nevertheless, having access to the CAD files as a refer-
ence is a huge help since it eliminates the need to build the 
vehicle from scratch, “but that is probably one of the rare 
cases. I don’t think that happens a lot,” Chepizhko notes. For 
automotive manufacturers like Nissan, CAD files with manu-
facturing details are protected intellectual property; there-
fore, sharing them with outsiders is not the norm.

Some software offers automated conversion from para-
metric to polygon model, but, for Chepizhko and his col-
league, it was a manual process. 

“We ingest the CAD file into Maya, then use polygonal 
tools to retopologize the car,” Chepizhko recalls. “It was 
labor-intensive. We have to make visual decisions based on 
what you would see on screen and what you won’t.”

An all-terrain vehicle modeled in 
Autodesk Fusion. You can see the 
same vehicle in rendered mode in the 
image on page 15. Images courtesy of 
Autodesk, Kirill Chepizhko.
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result of a barrage of gunfire. But most of these were digi-
tal damage inflicted on digital models. The dimensionally 
accurate sets were created using scan data acquired using 
LiDAR scanners from Leica Geosystems, part of Hexagon.

“The building for the shoot-up of the Continental was 
One Hanson Place in Brooklyn, [NY,] which is huge. It 
was just a pure race against time [to scan it],” reveals John 
Ashby, LiDAR supervisor at Aura FX, a set-data acquisition 
service provider (“Blockbuster Scanning: Using LiDAR for 
Joker & John Wick,” case study here).

In the future, CAD software developers could make 
it much easier to import 3D scan data for further editing 
and manipulation. 

“Artificial intelligence and machine learning could be 
used to really speed up the repetitive process of cleaning 
up the scanned data, from something that’s very, very dense 
to something that’s more lightweight,” notes Hillner.

SOLIDWORKS and Fusion 360 include push-button 
visualization tools, allowing users to quickly render the model 
in a physically accurate raytraced environment. Fusion 360 
and SOLIDWORKS Visualize, the CAD package’s connected 
rendering tool, are GPU (graphics processing unit) acceler-
ated. SOLIDWORKS Visualize also uses the AI-powered 
Denoiser to exponentially speed up the rendering process.

Competition From the Outside
Surfaces converted from CAD models are highly tessel-
lated, as Chepizhko discovered. “So no matter what, we 
still have to retopologize them to be able to apply UV 
maps and textures,” he adds. 

Chepizhko uses KeyShot rendering software from Lux-

In the Nissan commercial, certain parts of the vehicle 
needed to be animated in a way that’s consistent with how the 
actual vehicle operates. Some details may be hidden in one 
camera angle, but visible in another. Chepizhko and his col-
leagues used their movie-making experience to decide which 
details to keep so the movements look realistic.

Batmobile at SOLIDWORKS World
At SOLIDWORKS World 2018, the Dark Knight’s ve-
hicle, the Batmobile, made a cameo appearance on stage 
alongside Joe Hiura and Robert Andrew Johnson, art di-
rectors and set designers with credits in “Oblivion,” “Pas-
sengers,” “Tron: Legacy” and “Batman v Superman.” Hiura 
and Johnson use the industry-standard CAD package 
SOLIDWORKS to build some of the iconic props. The 
Batmobile is just one of them.

“There’s a massive trend, I’d say in the past 10 years, in 
the blockbuster movies to rely on CAD to build their sets 
and vehicles. Whatever cool concepts you build in a polygon 
modeler have to be rebuilt inside a CAD tool in order to 
physically prototype those parts and get them ready to be 
shot on camera. On the other hand, using something like 
SOLIDWORKS allows you to go directly from CAD to 
CNC machines,” says Brian Hillner, senior product portfolio 
manager, Dassault Systèmes SOLIDWORKS.

The improvements in 3D scanning have also made it 
much easier to bring real-world objects, such as iconic vehi-
cles or recognizable monuments, into films and games as dig-
ital models. In certain scenes in the “John Wick” films, New 
York’s Times Square and the interior of the fictional Conti-
nental Hotel seemed to have sustained massive damages, a 

Still image from a car commercial with ties to “Star 
Wars: Rogue One.” Image courtesy of Kirill Chepizhko.
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Though engineering-centric 3D modelers are more 
skilled at judging a design’s manufacturing issues, model-
ers from film and game industries are better trained to 
create aesthetic appeal, from scene composition to dra-
matic lighting. 

“CAD engineers probably don’t realize that people in the 
entertainment industry and concept artists using CAD are 
basically a competition to them,” Chepizhko observes.  DEDE

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.

ion, available for Windows and Mac users. The software’s 
ray-tracing code was originally written for CPUs, but in 
KeyShot 9, released in November 2019, the software began 
supporting GPU rendering.

Autodesk Fusion users can use the KeyShot plug-in for 
Fusion users. The advantage of using this approach is that, as 
Chepizhko notes, KeyShot recognizes and retains the assem-
bly hierarchy in the CAD model. “In animation projects in 
KeyShot, I would organize my Fusion files by subfolders in 
the same way the assembly actually works,” he explains. 

Heventhal believes more 3D artists in the entertainment 
and film segment will begin acquiring NURBS modeling 
skills as they create more realistic hard-surface models. 

“I think Fusion is a sweet spot for many of them,” 
Heventhal says. “They’re actually pushing what Fusion 
can do, because they are combining many different types 
of CAD techniques, whether it’s T-splines, direct editing, 
parametric editing or mesh editing. They might still do the 
final 20% to add a few more touches in the triangle-based 
modelers,” he notes.

“The trend has really started to shift with people like Joe 
and Robert in the film industry as the tool’s [spokespeople]. 
They showed it to their colleagues and said, ‘Hey, if you start 
the project in SOLIDWORKS, you can get to your finished 
part much faster,’” says Hillner.

➜ MORE INFO

•  Autodesk Fusion: Autodesk.com/Fusion-360

• Kirill Chepizhko’s portfolio: Artstation.com/fett

• Luxion KeyShot: KeyShot.com

• SOLIDWORKS: SOLIDWORKS.com

• 3MF Consortium: 3MF.io 

For more information on this topic, visit DigitalEngineering247.com.
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Software tools help engineers create design visualizations to communicate products (such as automobiles) in lifelike 
scenarios, for entertainment purposes as well as for other communications such as sales presentations and product 
demonstrations.

BY JIM ROMEO

Engineering software is effective as a visual tool to help drive product  
sales, demonstrations and content creation for marketers.

Visual Effects

pers to view different options and virtually “build” their 
own vehicle (bit.ly/3mtlyWf).

“Over the last five years, automotive brands and their 
agencies have found many other uses for these 3D assets: 
extended reality, virtual reality [VR], augmented reality [AR] 
and mixed reality [MR] animations for social media, show-
room retail kiosks, pack shots for broadcast or print and 
training for mechanics and support staff,” he explains. “Simu-
lation and training are a massively growing area for industry, 
as is the health sciences. 

“Digital twins of consumer package goods and beauty 
products are quickly maturing, in part because COVID-19 
disrupted the traditional product photo shoot,” O’Donnel 
continues. “These verticals are understanding the use case for 
the digital twin asset goes beyond the product description page 
on a marketplace, but also promises a continuity to their prod-
uct imagery by more easily maintaining lighting and camera 
angles for products, all without needing a photo shoot.”  

Data Visualization is Widely Adopted
Richard Kerris is the vice president for Omniverse Develop-
ment Platform at NVIDIA. NVIDIA Omniverse is built for 
real-time simulation and collaboration and uses existing soft-
ware tools that can connect to the platform and extend and 
enhance existing workflows with these new capabilities. What 
previously took hours to render and was targeted for visual 
effects and game development is now used in manufacturing, 
architecture and scientific visualization. 

“3D visualization has become the standard across many 
industries, from architecture and design to visual effects 
and games,” says Kerris. “The challenge these industries 
are tackling is how to show objects in real-world environ-
ments and true-to-reality simulations. For example, how 
do you show a car designed and rendered in 3D that can 
be configured and changed in real time in order to present 
design configurations for customers? 

“Up until the breakthrough of real-time ray tracing, 

A good visualization of simulation data requires 
some artistic judgment from the person creating the 
visualization in much the same way that a well-taken 
photo needs to be well structured, with the right 
type of lighting and perspective. Image courtesy of 
COMSOL.

“There is now a massive suite of software that enables art-
ists to visualize products that are either not yet built or man-
ufactured,” says William O’Donnel who leads the digital twin 
division at The Moving Picture Company in New York City. 
“These 3D assets that artists are creating for brands—often 
referred to as digital twins, are now used on a growing num-
ber marketing and commerce platforms as well as traditional 
legacy mediums like print and billboards.”  

According to O’Donnel, the automotive space is mature 
for the CAD and digital twin user. “All car companies have a 
website that features a configurator that allows customers to 
configure a car,” he says.  

O’Donnel points to Mercedes-Benz, who allows shop-
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social media channels, e-commerce and any other use case 
where it’s about product communication and showcasing the 
products’ values and features.  

“The common foundation for a solid and fast product 
content production for engineers, designers, 3D creatives or 
marketers is a digital twin,” von der Wense says.

von der Wense also explains that digital twins usually con-
tain too much information to create product visualizations 
for product communication. They need to become lighter 
and be optimized. 

The “Commercial Twin Creation” tool set allows an inte-
grated way to complete and optimize the latest twin by sim-
plifying the engineering data (removing all the information 
not needed for commercial and marketing visualizations) and 
enriching the twin with relevant product information such as 
material and colors.

“This customer-centric product twin, or the ‘commercial 
twin,’ sets the baseline for an IP-protected and product cor-
rect 3D content production,” she says. This helps ensure 
content consistency, compliance and reflects the latest prod-
uct changes from engineering during production across the 
entire product portfolio, according to von der Wense. 

She further explains that the automated work steps and 
the “single source of truth” approach compress the time to 
market by starting product content production in parallel to 
the product design process. Additionally, users can work with 
reusable content from external sources as well as libraries of 
products, ambiences and materials to ensure a consistent and 
efficient process.  

which NVIDIA pioneered with our RTX technology, 
the idea of interacting with the photorealistic designs 
was only a dream,” Kerris adds. “That dream has now 
become a reality. We’re seeing real-time photoreal-
istic 3D designs being used across many industries 
where visualization is key.”

Phil Kinnane is the senior vice president of sales for 
COMSOL in Burlington, MA. He explains that their 
multiphysics software tools are used for modeling and 
simulation in various physics areas, such as electro-
magnetics, structural analysis, acoustics, fluid flow, heat 
transfer and chemical engineering. 

“Visualizations resulting from COMSOL Multi-
physics simulations are useful in presentations in designs 
or manufactured products because they can illuminate 
aspects of the design, or its simulation, that are other-
wise invisible,” says Kinnane. “A classic example of this is 
the mechanical stress distribution inside of a manufac-
tured part or the flow over an airplane wing or car. 

Kinnane cites other examples: the acoustic radiation field 
outside of a speaker, the electromagnetic field inside of a mi-
crowave oven or the temperature distribution in an electric 
motor. Though these are not visible to the naked eye, they all 
have meaning when visualized, according to Kinnane. 

“The post-processing of simulation data concerns mostly 
calculating numerical values or data that can be used to quan-
tify different aspects of a design and point toward different 
data-based conclusions, such as an optimized version of this 
design,” Kinnane says. “Yet, in order to provide intuitive first 
impressions, context to the design or application at hand, or 
demonstration to those not familiar with understanding the 
numerical data, the visualization of simulation data is often 
an imperative part of the overall design workflow.”

The Transformative Power  
of Visualization Products 
“It’s all about using existing product data from engineer-
ing by leveraging the CAD data and transforming them 
into high-quality product content—from basic 2D images 
to 3D glTFs, WebGL, videos, interactive product showcase 
experiences or 3D sales configurators,” says Martina von 
der Wense, senior strategic planner for Dassault Systèmes, 
3DEXCITE.

She highlights Dassault’s 3DEXPERIENCE platform as 
providing connected and integrated marketing and sales so-
lutions for 3D product content and experience creation from 
a secure cloud environment.  

“Engineers, designers, 3D creatives, experience builders 
and makers alike can easily create up-to-date product con-
tent,” says von der Wense. “They will use it for internal prod-
uct reviews, direct sales engagements with the end-custom-
ers, virtual events, any product marketing campaigns, product 
catalogues, 3D sales configurators, AR and VR experiences, 

Multiphysics simulations are useful in presentations in 
designs or manufactured products because they can 
illuminate aspects of the design, or simulation, that are 
otherwise invisible. Image courtesy of COMSOL.
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➜ MORE INFO

• COMSOL: COMSOL.com

• Dassault Systèmes: 3DS.com

• NVIDIA: NVIDIA.com 

For more information on this topic, visit DigitalEngineering247.com.
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the same rate.  
Brands are pushing back on the agency fees for content 

creation forcing a digital twin solution that includes re-
purposing these digital assets in lieu of traditional content 
creation. O’Donnel also notes that COVID-19 accelerated 
this innovation.

“Digital twins provide an answer for a good number of the 
emerging digital platforms like social media, and augmented 
reality,” O’Donnel says. “But the challenge is then the adop-
tion internally by brands and evangelizing the efficiencies 
and spreading that change through the marketing and com-
merce funnel.”

There are real efficiencies to be gained by brands but only 
through wholesale adoption, not piecemeal, according to 
O’Donnel. “These are incredibly exciting times as we emerge 
from COVID-19, and to a new world of consumer behavior 
that is giving brands the opportunity and freedom to be in-
novative in the face of this change,” he says.  DEDE

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

Design visualization tools have many use cases. Neset Yal-
cinkaya is the vice president of products and general manager 
for R&D for Quectel, a global supplier of cellular and global 
navigation satellite system modules for wireless technologies like 
5G that are now at the forefront of mobile cellular technology.

Yalcinkaya touts the benefit of digital twins as data visual-
ization tools for their industry, and explains that the essential 
performance component at the heart of any digital twin 
deployment is connectivity that can reliably connect digital 
twins to physical objects and ensure huge volumes of data 
that are captured in real time can be communicated. 

“The connectivity is essential to ensure continuously 
updated records, so the physical twin and the digital twin 
or twins have the same data and remain aligned with each 
other. Inevitably this highly frequent communication, which 
often involves transmission of large amounts of data, relies 
on robust, low latency [and] high bandwidth connectivity,” 
says Yalcinkaya.  “2G and 3G cellular networks are therefore 
inadequate for many digital twin deployments because they 
provide neither the speed nor the low latency that such de-
ployments demand. However, LTE [long-term evolution, a 
wireless standard] is applicable to some less latency-sensitive 
digital twin applications and 5G addresses all latency con-
cerns with its sub-1 ms latency performance.”

There are additional performance challenges to consider 
with LTE, according to Yalcinkaya, because digital twin ap-
plications that use rapid prediction followed by action need 
high-speed data processing capabilities. LTE cannot always 
support this, which means higher 5G speeds are required.

Economics of Data Visualization Tools 
O’Donnel is bullish on digital twin solutions as an economi-
cal, effective tool to aid marketers now and in the future. He 
says that most chief marketing officers and their  agencies are 
having to manage an ever-increasing number of consumer 
touch points while the marketing budgets are not moving at 

Generative production of photorealistic product 
content for 3D, augmented reality, virtual reality and 2D 
product experiences and apps aimed at professional 
3D artists and experience developers. It uses the 
Stellar precise rendering technology with global 
illumination. Image courtesy of Dassault Systèmes. 

Many techniques used for the rendering of 
visualizations have much in common with the gaming 
and the movie industry. These include implementation 
of techniques for antialiasing, and artificial lighting 
with specular and diffuse reflections, with 
occlusion and shadows. Image 
courtesy of COMSOL.
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 Engineering’s flirtation with game engines began with 
the shift to digital prototypes. From consumer goods 
to automotive, manufacturers began relying more on 

3D models instead of physical mockups for product develop-
ment and design decisions. That requires a higher degree of 
visual fidelity beyond what CAD packages normally provide. 

BY KENNETH WONG

Product Development  
in Game Engines

Visual Fidelity draws engineers to game engines.

But editing in game engines, which typically caters to 
polygon- and mesh-based modelers, is not a natural skill 
for parametric CAD software users. The steep learning 
curve discourages many CAD users from venturing into 
Unity and Unreal Engine (from Epic Games), two leading 
game engines.

Game engine maker Unity launched Unity Forma, targeting product designers in need of real-time configurators. 
Image courtesy of Unity.
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professionals to harness the power of real-time 3D with-
out needing to learn Unity deeply, or how to code,” ex-
plains Clive Downie, chief marketing officer, Unity. “We 
anticipate Unity Forma will become the bedrock of mod-
ern marketing, enabling brands to create and deliver stun-
ning content and interactive experiences in record time.”

A feature of Unity Forma that Olafsson likes most is its 
material accuracy—the reliable way the software replicates 
the texture and colors of the manufacturing materials. “I can 
take photos of the materials to use as textures,” he says.

For Olafsson, Unity Forma is not only a visualization 
engine but also a manufacturing quality assurance program. 
“The better I can represent the materials, the more likely I’ll 
get the product to be manufactured the way I want it,” he 
says. “I can show these images to my supply chain during the 
product development.”

These renderings also serve a purpose in marketing. The 
development cycles are “crazy,” in Olafsson’s own words. 
“We’ll soon be launching a new product called StoryPhones. 
So we now use Unity Forma to render images we can use for 
marketing and packaging.”

Recently ONANOFF began courting the schools as a new 
market. “But there are hundreds of schools, and every school 
wants its own logo on the product,” says Olafsson. To ensure 
the customers get an accurate preview of how the product 

In the last few years, in the quest for new markets, game 
engine makers began repackaging different features in their 
products for specific applications and verticals, making adop-
tion much easier. Here, we look at Unity Forma and Unreal 
HMI, two products allowing engineers and designers to take 
advantage of the rich game-development tools without learn-
ing the code and jargons of game development.

Unity Forma
Petur Hannes Olafsson, founder of ONANOFF, is the cre-
ator of BuddyPhones and StudyPhones, available through 
Best Buy, Walmart, Verizon stores and Amazon, among oth-
ers. The monkey and unicorn stickers, the extra padding 
around the earmuffs, and the color palette featuring rose 
pink, sun yellow and cool blue, are all clues to who Olafsson’s 
customers are: multimedia-savvy kids.

“We use SOLIDWORKS CAD to design the product, 
then render it in KeyShot,” explains Olafsson. “But for dis-
cussion with my salespeople, I usually bring the model into 
Unity Forma.”

Based on the Unity game engine, Unity Forma is an in-
teractive product configurator targeting marketing teams. 
The virtual product launch took place in December 2020 
during the pandemic shutdown, with a series of video 
demos and online press briefings. It “empowers marketing 

Epic Games launched the Unreal Engine-powered HMI initiative to attract carmakers in search of a tool to design 
in-car experiences. Image courtesy of Epic Games.
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Niagara particle system in the software lets users incorporate 
realistic smoke, fire, dust and water behaviors in their con-
tent. The Datasmith pipeline lets users import 3D content 
from CAD programs like SOLIDWORKS and Rhino into 
the Unreal editing environment.

GM’s Global Creative Visualization is part of the car-
maker’s industrial design segment. It’s responsible for 
producing confidential internal assets that define a new ve-
hicle’s look. It also creates videos, animation and computer-
generated imagery for GM’s marketing campaigns. The 
group has worked on, for example, breathtaking photos of 
the GM Hummer EV.

“The use of Unreal Engine in the GMC HUMMER EV 
will provide richer graphics than ever before, celebrating the 
vehicle and its customers,” says Scott Martin, creative direc-
tor of User Interface Design at GM. “We’re ecstatic to be 
the first vehicle to use Unreal Engine in our cockpit and look 
forward to sharing more details upon the vehicle’s reveal on 
October 20.”

GM was the first carmaker to demonstrate the Unreal En-
gine-powered HMI. This month, electric adventure vehicle 
maker Rivian also showcased its in-car experience powered 
by HMI. 

(For more on the relationship between CAD and game 
engines, please read “From Solid Geometry to Responsive 
AR-VR,” Aug. 2018; digitalengineering247.com/r/19062.)  DEDE

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.

will look with their own logos, ONANOFF has incorporated 
Unity Forma features into its home page. “This allows real-
time rendering so the customer can confirm the design. And 
that design can go straight into the next phase in sample unit 
production,” he adds.

Headphones are no longer just audio transmission devices, 
Olafsson points out. “We may begin to see biofeedback-driven 
features and direct content streaming, so the complexity of 
the product is increasing. For a small and midsized company 
like ours, Unity Forma increases our capacity.”

Unreal Human-Machine Interface Initiative
In science-fiction movies like “The Terminator” or “Blade 
Runner,” the human-machine interaction (HMI) is toxic 
and hostile. But in luxury cars, it’s quite the opposite. For 
the most part, it occurs through touch-enabled panels 
mounted on the dashboard, allowing the human driver to 
find the best route to their destination, and passengers to 
select and stream cloud-hosted movies and music. To Epic 
Games, known for its Unreal Engine, this is a market. Ac-
cordingly, it launched its HMI Initiative in October 2020.

 “As we move towards Level 5 vehicle autonomy, in-car 
infotainment systems will become more and more relevant to 
influencing consumer purchase decisions, and Unreal Engine 
will bring new levels of flexibility, interactivity and visual 
fidelity to these next-generation systems,” says François An-
toine, director of HMI and Embedded Systems, Epic Games.  

HMI is a 3D environment to create “automotive info-
tainment and digital cockpit experiences,” the press release 
states. Epic Games has struck up partnerships with automo-
tive development tool providers to make HMI compatible 
with BlackBerry QNX, Mapbox, Qualcomm and Siili Auto, 
among others.

Unity also offers its own HMI design solution under its 
portfolio targeting the automotive, transportation and manu-
facturing sectors. NXP Semiconductors is a partner for the 
project. In the announcement made in January 2020, Unity 
stated, “The collaboration enables drivers to experience 
Unity-powered content—from real-time navigation and ad-
vanced visualization for self-driving vehicles to personalized 
driving features, 3D maps, access to Unity games and more—
regardless of the vehicle trim level or cost.”

In a webinar on January 14, 2021, Joe Andresen, technical 
product manager, HMI, said, “Games and HMIs have a lot 
of overlaps in what they require and how they are developed. 
Like games, HMIs require high visual fidelity in real time.”

HMI comes with a library of automotive materials. The 

➜ VIDEOS:

• YouTu.be/9-ZNO-yKpJw

• YouTu.be/CGRmH_sFg7s

➜ MORE INFO

•  Epic Games (Unreal Engine) HMI:  
UnrealEngine.com/en-US/hmi

• ONANOFF: ONANOFF.com

• Unity Forma: Unity.com/products/unity-forma

 
For more information on this topic, visit DigitalEngineering247.com.
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In fact, these Canadians were so excited about all things 
fantastic that they named their fledgling company after their 
intended creations: and thus Monsters Aliens Robots Zom-
bies (MARZ) was born. 

 In 2018, a small group of talented, creative and, above all, 
enthusiastic people got together in Ontario and decided 
to make monsters for a living. And since monsters alone 

don’t pay the bills, they decided to also produce a host of 
other fictitious characters, most of them supernatural. 

BY KIP HANSON

What “WandaVision,” “Watchmen” and “The Umbrella Academy” 
can teach us about the industrial design process.

Monster!
On Television Time
Three years later, MARZ boasts 150+ employees, has been 
nominated for numerous awards—including a recent Emmy 
nod for their work on “WandaVision” as well as Season Two 
of “The Umbrella Academy”—and is at the forefront of the 
television special effects industry. 

They’re also extremely busy, and according to Matt Pan-
ousis, chief operating officer, have become the fastest grow-
ing company in the field. 

“We work on an insane volume of projects,” he says. “This 

Monsters Aliens Robots Zombies (MARZ) 
artists need powerful GPU capabilities to 
produce advanced graphics work. Images 
courtesy of MARZ.
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explains that the VFX process begins with receipt of the 
“plates” from the client, live-action footage into which vari-
ous departments must digitally insert whatever is needed 
for the scene. This can be anything from an exploding car 
to a horde of shuffling zombies, with each individual frame 
requiring input from animators, lighting experts, composi-
tors and tracking artists. 

It’s due to all of these moving parts that Middlemiss 
spends much of her time thinking about mouse clicks. 

“It’s important to spend time watching how our cre-
ative staff works and learning where their inefficiencies 
are,” she says. “You can then take steps to improve the 
process. You might group similar design items, for exam-
ple, or begin to automate certain aspects of the workflow, 
whether that’s by customizing the tools or through the 
use of third-party products.”

Counting mouse clicks might seem like overkill, but as 
Middlemiss notes, anything she and her technical team can 
do to streamline the creative process helps to keep MARZ 
designers “in the zone.” 

The technology should be invisible to them, she says, 
allowing them to focus all energies on one thing: building 
better, more realistic creatures and effects as efficiently as 
possible. 

Panousis agrees, pointing to the company’s use of first-
principles thinking to break down problems into their 
core components. Doing so allows them to set aside pre-
conceived assumptions and continually rethink their core 
processes. 

“Given the pace at which technology across the board is 
progressing, what was true last year is probably no longer 
true today, so if you’re not questioning yourself on a routine 
basis, you’re probably missing something,” Panousis says.

year alone, we’ll contribute to 57 television shows, far more 
than a traditional visual effects (VFX) company could man-
age. But that’s our business model, and while it’s a challenge, 
it’s also an opportunity that—thanks to proper execution—
has made us unique among our competitors.”

Execution has never been a problem for this relative 
newcomer to the VFX space. Aside from the television 
shows already mentioned, MARZ’s accomplishments include 
contributions to “The Walking Dead,” “Y: The Last Man,” 
“Invasion” and “Messiah,” all of which benefited from the 
company’s extensive capabilities in everything from head re-
placement and body augmentation to crowd duplication and 
digital costumes. 

Surprisingly, the team does these projects using tools 
that any industrial design engineer would recognize, among 
them content creation software from Autodesk and graphics 
processing units (GPUs) for the extensive rendering needed 
in this environment. Just as important, though, is the need to 
focus on design workflows and overall efficiency throughout 
the digital production process. 

That’s because MARZ faces the same competitive 
challenges as any design firm, namely, cost, quality and 
throughput. 

“The television industry is unlike film, where projects 
can take several years to complete and budgets are relatively 
generous,” says Panousis. “So yes, people come to us for our 
creative skills, but equally important is our ability to turn 
content around quickly, on time and often under tight finan-
cial constraints.”

Creature Collaboration
Much of this responsibility falls on the capable shoulders of 
Kristine Middlemiss, chief technical officer at MARZ. She 

Among its many 
other honors, MARZ 
recently earned 
Emmy nominations 
for its work on 
“WandaVision” 
and “The Umbrella 
Academy.”
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Ironically, one of the biggest challenges has been find-
ing enough computing hardware to meet customer demand. 
For this reason, Middlemiss has been relying on cloud-based 
systems of late, although Panousis is quick to note that this is 
not a cost-effective solution. 

“As with most technolog[ies], cloud costs will become 
more digestible over time, but for now at least, local render-
ing makes better economic sense. Still, you do whatever it 
takes to stay ahead of the curve. That’s how we’ve gotten to 
where we are now,” Panousis says.  DEDE

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

Fearless Iterations
One example of this is the company’s reliance on high-end 
GPU rendering rather than the conventional CPU rendering 
embraced industrywide, a decision that co-founders Jonathan 
Bronfman and Lon Molnar made early on. The company 
heavily leverages NVIDIA GPUs with RTX technology.

This reduces the processing time on many projects from 
“days to hours,” says Middlemiss. Obviously, this is a huge 
cost savings, but more importantly, it gives the MARZ cre-
ative team more time for fearless iterating, leading to higher-
end products. 

That said, the switch to GPU took more effort than sim-
ply investing in the right hardware. 

“People in the VFX industry overall have certain ways of 
doing things, and many of us have had to adjust our mindsets 
somewhat to fully leverage GPU,” says Middlemiss. “For 
instance, you can’t just plug in a project and get to work, but 
must instead make sure that the pipeline is set up properly 
to assure a smooth, end-to-end data flow. Once you master 
GPU, however, it definitely unlocks better quality and in-
creased efficiency.”

Middlemiss and Panousis have also been exploring the use 
of machine learning and artificial intelligence technologies 
to make advanced graphics generation easier. Unfortunately, 
these are either hugely expensive or inadequate to the com-
pany’s needs, which is why they’ve begun developing their 
own proprietary systems. Panousis is unable to share addi-
tional details on this project, except to say that “we feel very 
confident in its abilities. Stay tuned.”  

➜ MORE INFO

•  Autodesk: Autodesk.com

•  Monsters Aliens Robots Zombies: 
MonstersAliensRobotsZombies.com

•  NVIDIA: NVIDIA.com 

For more information on this topic, visit DigitalEngineering247.com.
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The ability to seamlessly superimpose new imagery 
onto existing plates is key to MARZ’s success. 
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BY BRIAN ALBRIGHT

When engineers tackle big projects—designing a 
new car, a robot or a drone—the process often 
takes years to go from concept to the final prod-

uct. Imagine the pressure on a designer who has been asked 
to come up with something big—say, a robotic supersuit that 
will be used to keep the forces of evil from conquering the 
world—and only a few weeks in which to do so.

That’s the kind of pressure that special effects designers in 
Hollywood face on almost every job. In 2019, San Fernando, 

Effects artists used a combination of digital modeling, 
animation, CAD and 3D printing to build the massive 

S.T.R.I.P.E. armor for the new “Stargirl” series.

Bringing a Comic Book 
Hero to Life

The CW “Stargirl” series features a 12-foot robot 
prop created via advanced design technologies.

CA-based Legacy Effects faced just such a big challenge for 
the producers of the “Stargirl” series (which airs the CW 
Network). In just 8 weeks, the Legacy team had to design 
and construct a key supporting character: a 15-ft.-tall, 5,000 
lb. robotic suit of armor called S.T.R.I.P.E.

In the comic and the TV show, S.T.R.I.P.E. is built and 
operated by Pat Dugan, a gifted mechanic and superhero 
sidekick (played by Luke Wilson in the series). As in most 
superhero movies, the action sequences featuring the armor 
are digitally rendered by Zoic Studios, but the producers of 
the series also commissioned a life-size physical prop. That’s 
because the actors have to frequently climb on and into the 
armor, which would have greatly increased the cost of the 
digital animation.

“They could have done this completely in CG, 
but when they started looking at how the actors are 
going to interact with it, it made sense to have a physi-
cal prop,” says Legacy co-founder Alan Scott. “It’s less 
costly to build it than to try to blend that animation in. 
It was an asset that could be amortized over the life of 
the production.”

Creating S.T.R.I.P.E.
Legacy teamed up with another shop, Allfx, to create the 
physical prop based on the digital design used by Zoic 
for the computer-generated sequences. While the digital 
team can “cheat” certain movements in the animation, the 
real-world prop (which is fully poseable) has to obey the 

laws of physics.
“Our team had to make it functional,” Scott says. “Things 

always have to be adjusted when they have to move in the 
real world. We made changes so it would be functional, and 
then we pass those changes back to the digital team.”

Legacy has deep experience on comic book-based projects, 
and has built props of similar scale. Those include large pieces 
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and everything had to fit within it.”
“The model had all these pistons and hoses running 

through it, and that didn’t really account for the steel we 
had to put inside,” says Legacy model builder Ken Cornett. 
“We have to make it look right and still work. We can’t really 
change the structure or the outer appearance, so we have to 
be resourceful.”

Charmatz and Allard passed the model back and forth to 
ensure that the exterior components would fit correctly with 
the infrastructure that Allard was designing. 

“Eric had to learn our workflow and a new program while 
designing the mechanical infrastructure,” Scott says. “We have 
to force that software handshake. We don’t do all of our design 
in a single program. It’s labor intensive. We design the artwork 
in an art program, and then convert that to a mechanical pro-
gram, and then Eric has a true engineering program.”

for “Avatar,” “Jurassic World,” “Iron Man” and an 18-ft.-tall 
Sentinel robot for one of the X-Men films.

To do so, Legacy relies on a host of digital design and fab-
rication technologies. First, Legacy had to create a buildable 
design using the digital images of the armor.

“The original files we got were game resolution files. 
They are open shells,” says Jim Charmatz, conceptual de-
signer at Legacy. “We had to take all that stuff and figure out 
how it could be built, what thicknesses go where, how can we 
break this apart. We had to add geometry back in that wasn’t 
there so we could create doors that open and close in the 
chest. The whole thing had to be rebuilt.”

Legacy uses a number of software tools, including ZBrush 
digital sculpting software (from Pixologic), SURFCAM for 
CNC mills and lathes, Modo 3D modeling software, and Au-
todesk Maya model and animation software. Once the digital 
models of the armor were created, Legacy turned to Eric Al-
lard of Allfx to design the mechanical infrastructure needed 
to support the figure and enable movement.

Allard is a veteran effects artist, and his list of credits 
includes work on everything from “Stuart Little” to “Alien: 
Resurrection”. He built the Johnny 5 robot for the film 
“Short Circuit” (1986), and designed the Energizer Bunny.

“Jim [Charmatz] takes the artist concept, which is a 3D 
model, and makes parts that can be made by the mold de-
partment. Then I get that model and import it to Turbo-
CAD for the mechanical design,” Allard says. “I go inside 
the model and figure out where I can put in the structure. 
It was a learning curve, because I usually build robots from 
the mechanical side first. This was already well defined 

The massive 
S.T.R.I.P.E. prop 
was designed 
to operate like a 
life-size action 
figure. The process 
involved CAD 
software and 3D 
printing. Images 
courtesy of Legacy 
Effects.
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ally have time to go back and change anything.”
“This is industrial design done in eight weeks,” Scott says. 

“If this were a car, it would have taken a year and half. We 
have to do the same thing much faster, and it has to work. 
We’re embracing the technology of 3D design all the way 
through to construction, and that includes artistic design, 
mechanical design, 3D printing, milling out the parts, all the 
CAD programs. It’s a very predictable process for the toler-
ances we need.”

A Giant Action Figure
Once Legacy had built the prop, the digital files were then 
shared back to the production team so that the CG version 
of the armor would match the physical prop. Legacy also 

Mix of New and Old Technologies for Fabrication
While the interior structure is made of steel, the exterior 
panels were cast in fiberglass from molds that are either 3D 
printed or milled from foam. 

“With something this big, we mill the body panels out 
of foam,” Scott says. “They sand and polish them and make 
models from there.”

Legacy uses water jet cutting and laser cutting technol-
ogy, as well as 15 3D printers (including Stratasys printers 
and two Carbon printers.). They also outsource some part 
production. “We rely heavily on Stratasys Direct for a lot of 
larger 3D prints,” Scott says. “We don’t have SLA in house, 
but we are buying three new printers this week because we 
can’t rely on the same technology we did last year. The tech-
nology is advancing and costs are going down.”

Legacy has been an enthusiastic advocate of 3D printing 
in the effects industry (Legacy has presented at events for 
the Additive Manufacturing Users Group), and often works 
with traditional manufacturers to share ideas to improve 
productivity. “3D printing allows us to speed up different 
parts of the process, and then we can put our artists on other 
tasks,” Scott says. “I don’t want to have an artist spending a 
lot of time setting up to mill parts. We can have something 
3D printed in metal in a few days, and now I can use the 
brainpower of the designer and machinist to work with it in 
different ways.”

For the S.T.R.I.P.E. armor, the Legacy team went from 
the 3D model to a finished prop in just 8 weeks. “That speaks 
to the quality of everybody at Legacy,” Allard says. “We could 
count on the fact that things were going to be right and that 
they would fit. It all had to come together and we didn’t re-

Those of you who don’t watch “Stargirl” or read 
comic books may be wondering exactly what 

the S.T.R.I.P.E. armor is, or what it does. Here’s a 
quick history lesson:

While the Stargirl series is targeted at younger view-
ers, the show and the comic characters dive deep 
into the lore of DC Comics. The character of Courtney 
Whitmore/Stargirl was first introduced in 1999 by writer 
Geoff Johns, and was based on his late sister, Courtney 
Johns, who died in the TWA Flight 800 explosion in 
1996. The other characters in the show have a much 
longer history.

S.T.R.I.P.E. (Special Tactics Robotic Integrated 
Power Enhancer) is the robot armor worn by Stargirl’s 
stepfather/sidekick Pat Dugan. While the armor first 

premiered along with Stargirl, the Dugan character has 
roots stretching back to World War II. He made his first 
appearance as Stripesy, mechanic and sidekick for The 
Star-Spangled Kid, in 1941. Thanks to some time travel 
shenanigans, the duo were reintroduced in the comics 
in the 1970s. The Star-Spangled Kid character went 
through a name change and was eventually killed off in 
the 1980s. 

In the Stargirl stories, Dugan builds the S.T.R.I.P.E. 
armor and resumes his sidekick duties when his step-
daughter begins fighting crime using the costume and 
gear of The Star-Spangled Kid and another Golden Age 
superhero, Starman. Stargirl and S.T.R.I.P.E. have since 
regularly appeared as part of the Justice Society of 
America. 

Don’t Read Comics? Here’s a Quick S.T.R.I.P.E. Primer

Legacy Effects uses a variety of digital design 
technologies. 
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➜ MORE INFO

•  Autodesk: Autodesk.com

• Carbon: Carbon3D.com

• Stratasys: Stratasys.com

• SURFCAM: SURFCAM.com

For more information on this topic, visit DigitalEngineering247.com.
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so it has to work and really be bulletproof,” Cornett says. 
While effects designers are under much tighter deadlines, 

Scott says they also have greater flexibility than engineers in 
other fields. 

“When the aerospace industry fell through here 15 years 
ago, we were approached by a lot of aerospace engineers 
looking for work, but they couldn’t make it work in the film 
industry. We don’t have time for a lot of stress analysis and 
redundancy,” Scott says. “It has to be designed well enough so 
it won’t fail. We can’t go through rigorous testing. We have 
a great mix of people that have the right skill set, and can 
make decisions very quickly. It’s amazing. A 15-foot tall robot 
grows out of thin air in eight weeks. We do the impossible 
with almost every job.”  DEDE

designed the armor so that it would be poseable and could be 
upgraded to include motors and animation if necessary.

“We weren’t sure how much it would need to move, so 
we tried to treat it like a stop-motion puppet,” Charmatz 
says. “With a few tools and ladders and forklift, you can 
loosen some bolts, lift the arm, bend it. The fingers were 3D 
printed. Eric put metal inserts into them and tensioned them 
to hold a pose. You can open the palm or make a fist. It had 
to be poseable and come apart. It’s like a giant action figure 
with all the joint work built in.”

There are actually two versions of the armor, the full-
sized suit and a torso-only model that can be mounted on a 
hydraulic gimbal platform. The standing S.T.R.I.P.E. has sta-
tionary legs that are mounted on a heavy trench plate for sta-
bility. “If someone climbs on it, it won’t fall over,” Allard says. 

The team only had time to assemble the full armor once 
before shipping it to Georgia, where the show is filmed. “The 
truck was here, and I had to insist that we put it together 
once because we had a team here, and we could make adjust-
ments if it didn’t fit together,” Scott says. 

S.T.R.I.P.E. was transported by truck to Georgia—except 
for the hands, which the Legacy team carried with them on 
their flight. The Legacy crew put the suit together on the 
soundstage, and provided instructions for the production crew 
so that they could operate the prop and move it when neces-
sary. “They are going to have actors climbing in and out of it, 

The Legacy Team only 
assembled the full robot 
once before shipping it 
to the set in Georgia.
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By Rahul Garg, Siemens

Machinery Benefits  
of a Multi-Disciplinary Design

Integrated multi-disciplinary design is a game changer for collaborative machine engineering.

 B uilding a machine is a complicated process in the 
industrial machinery industry that previously fo-
cused on mechanical CAD. Complex machines are 

currently mechanical marvels; however, in the last 20 years, 
electrical power has been a part of motors, rotary equipment, 
and camshaft gears. Furthermore, advanced computing is the 
driver via software, controlled by PLCs and CNCs. Mechani-
cal design is no longer in one space, with the electrical design 
and schematics in silos. Software is now an essential part of 
the equation in providing optimum design.

Multi-Disciplinary Design 
All engineering disciplines must work cohesively to ensure 
the design is completed on time and cost-effectively manu-
factured and commissioned. As a result, machine manufactur-
ers are leveraging a multi-disciplinary design approach, incit-
ing manufacturing to better efficiency. 

For decades the machine manufacturer’s priority was 
CAD and manufacturing parts within tolerance for every-
thing to function mechanically. The mechanical design would 
reside in one area, with the electrical design, schematics, and 
software development in another location. However, this 
dynamic changes with motors and equipment transitioning to 
gears driven by software and PLC codes. 

The multi-disciplinary design blends all capabilities and 
skillsets for advancing machine engineering into a collabora-
tive environment, paying dividends in output quality of the 
machine design with everything working collaboratively. 

Machining – New Approach
Companies are compressing timelines to push machinery to 
market. There is a substantial effort to provide simulation 
into the design process, incorporating a multi-discipline do-
main, FEA, CFD, vibration, and harshness. Machine builders 
are also relying on a comprehensive digital twin. 

Additionally, design exploration is more profitable when 
simulating the complete digital machine. Items like Mechatron-
ics Concept Designer, a digital industry software with kinemat-
ics to define PLC code, portray a virtual twin, allowing design-
ers to ascertain failures and perform work early in the process.

The collaboration parts of the mechanical system that 
have reached a level of maturity can be available to the elec-
trical and software teams to perform upfront, 90-degree mo-

tion kinematics. Knowing 
the limits of a mechanism’s 
function allows inputting 
that knowledge into the 
simulation.

Subsequently, as com-
panies move toward a col-
laborative approach, the 
traditional processes can-
not be cast aside without 
migration. However, com-
panies are adopting these 
innovations successfully. 
 
Pharmaceutical Packaging Machinery Example
In the case of one global leader in pharmaceutical packag-
ing machinery, Siemens Digital Industries Software supports 
more than 90 percent of their filling plants’ exportation. Sim-
ulation, using a digital twin, reproduces a digitalized future 
machine as a complex virtual model. 

This approach unites the engineering upfront in the de-
sign, collaborating various disciplines in testing the machine 
code while compressing the schedule by over 25 percent.
 
Software Code Validation
Virtual machine simulation and commissioning is another 
significant benefit. This technology refers to how a machine 
proves or validates the software code in the virtual world be-
fore physically operating on the factory floor. 

The software is driving the machines. Consequently, 
simulating the code running on a virtual twin of the machine 
generates considerable benefits. Validations of the PLC soft-
ware are in a managed environment using virtual commis-
sioning, with a modular product development strategy. 

Virtual commissioning and visualization pay enormous 
dividends for companies. A customer must validate that a 
machine works before shipping it to their plant. However, 
because many software integrations and safety factors are es-
sential to run a machine, this can be a demanding task to per-
form physically. Therefore, a virtual world is ideal for turning 
a machine on and performing real commissioning. It com-
bines the engineering upfront in the design and collaborates 
the various disciplines in machine code testing.

http://sw.siemens.com
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What to Choose?  
Gaming Beast or  

Productivity Workhorse
Application usage should guide hardware selection.

BY RANDALL S. NEWTON 

 By day, Travis North is a senior distinguished en-
gineer at Dell with a focus on power and perfor-
mance. He is a regular user of Siemens Simcenter 

Flotherm. When doing a thermal analysis, North says the 
software calculates “tens of millions” of cells to solve for 
mass momentum energy. 

“It’s too risky for [computational fluid dynamics] (CFD),” 
North continues. “The cost of failure is high.” A single user 
could run Flotherm from a gaming unit, but there are risks 
due to the complexity of CFD. The big issue is stability. “To 
say, ‘Hey, I’ll overclock a workstation’ runs a high risk of soft-
ware errors, too high for 12-hour simulation runs.” 

Users Not so Sure
To get a different perspective, we posted an open-ended 
question on LinkedIn about the use of gaming PCs vs. engi-
neering workstations. None of the 14 respondents mentioned 
the use of CAE; most were running Autodesk Revit, McNeel 
and Associates Rhino 3D, and various rendering tools favored 
in the architectural community. Most said they owned gam-
ing PCs. 

He uses a Dell Precision 5550 mobile workstation, 
and he says it “grinds on the model” to get results down 
to 0.01 mm. It takes several iterations, and “every itera-
tion must run on every cell.” The software makes heavy 
demands of the CPU, graphics processing unit (GPU) and 
memory/storage subsystem. 

But by night, North is an avid gamer. He uses an Alien-
ware gaming mobile, which he describes as a “mustang.” 
Gaming computers are almost always running in overclock 
mode, which means the CPU and memory settings have been 
adjusted to run at speeds higher than their official rating. 

“The risk is occasional blue-screening,” North says. 
“There is also a higher risk of calculation misses and software 
failures. Overclocking and overvoltage can mean buying a 
new system in two years instead of four.” Gamers take the 
chance in exchange for extreme performance. 

Games are CPU intensive, and most serious gaming rigs 
have high-end CPU cooling units. The GPUs are important, 
but not as important as they are for engineering applications. 

“It is often fifty-fifty on CPU and GPU use,” North says, 
in contemporary engineering applications; more so for simu-
lation and analysis applications than for design. “These pro-
grams run multiple threads and are very active.” 

Would North use a gaming computer for Flotherm? Not 
likely. “Gaming systems have more horsepower because of 
overclocking, but using them runs the risk of losing data or 
having a calculation failure. 

The Dell Precision 5550 is a highly customizable 
mobile workstation. Image courtesy of Dell. 
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“Mixed results” is how Freiert describes the experience. 
Several units needed the fan replaced. “I’d be willing to try 
them again on the right users, but not every user in an of-
fice needs a punchy machine,” Freiert says. “There are some 
great gaming devices, but you have to look under the hood.”

A few of the users thought the terms “gaming PC” and 
“engineering workstation” were just marketing speak, and 
not useful in helping the customer make a purchasing deci-
sion. Akash Asagaonkar, a software trainer and consultant 
with expertise in engineering and rendering, disagrees. 

Steve Bennett with Taylor Design uses an Alienware M51 
17-in. mobile to run Revit and virtual reality (VR) content 
creation tools. 

“It’s great to be able to overclock it when I want to, and to 
run normal power and fan levels when not needed,” he says. 
“When fans are at full load, it sounds like it will levitate.” 

Michael Freiert with Pope Architects says several mem-
bers of his team use an MSI GS66 Stealth, a gaming mobile 
equipped with an NVIDIA GeForce RTX 30 series GPU 
and an 11th-Gen Intel Core i9. 

Velocity Micro sells gaming PCs and workstations, and prefers to match computer specifications to the 
customer’s specific applications. Image courtesy of Velocity Micro. 
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• MSI: US.MSI.com

• NVIDIA: NVIDIA.com
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first vendors to ship overclocked PCs. “We are the grand-
daddy of overclocking,” Copeland claims. “We have ex-
perience and specific intellectual property in it.” But he 
doesn’t recommend it for engineering applications. “Preci-
sion can be affected by overclocking, [there are] minute 
calculation issues.” 

Copeland says many of the components are the same in 
both classes of computer, “but we have to consider reliabil-
ity.” Velocity Micro has military and academic customers who 
will spend extra on a power supply that would be overkill for 
a gaming PC. 

“The differences are small but they are important,” he says.  

Benchmark It
Several of our interview subjects mentioned the need for 
customers to do their own benchmarking before they 
choose a new system, especially if it is a large purchase. 
Most often mentioned were SYSmark 25, a commercial 
product; the various benchmark applications from SPEC 
(Standard Performance Evaluation Corporation), free to 
end users; and Cinebench. 

SYSmark comes with several industry-standard productiv-
ity applications on a 5-day license. Cinebench tests rendering 
and display capabilities with its own internal simulations. It 
is free, even though it uses the rendering engine found in 
Maxon Cinema 4D.  PCMark, another popular benchmark 
application, tests with open-source software, so there are no 
licensing issues.  DEDE

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

“Before buying any workstation, please make a note 
to avoid buying gaming workstations,” says Asagaonkar. 
He recently did a comparative benchmark using the same 
computer but switching between a GPU sold for gaming 
and one designed for high-end rendering. “Graphics cards 
designed for rendering are far better than graphics cards 
designed for gaming.” 

Missing the Point
Users who dismiss the idea of workstations and gaming PCs 
as separate categories miss the point, says Randy Copeland, 
president of Velocity Micro, a boutique computer vendor 
that offers workstation and gaming models. 

“We look at the intended use. Single-threaded vs. multi-
threaded is the place to start. It all goes back to the applica-
tion,” he says. 

Copeland says it is equally common for engineers to ask 
about gaming PCs and gamers to ask about workstations. 
NVIDIA and AMD have GPUs for workstations and for 
gaming; Copeland says it can be a big mistake to mismatch 
them to the application. 

“We run into ‘microns vs. feet’ issues,” he says. 
One large construction client came to Velocity because 

their current gaming PCs were giving unusual errors. “Two 
walls were supposed to be 200 feet apart. But the computer 
was causing design errors” and the distances were off, Co-
peland says. 

“If you make parts that don’t fit because of the GPU, 
you won’t make that mistake twice,” Copeland says. 
“There is a considerable cost difference between an 
NVIDIA Quadro [for workstations] and an NVIDIA Ge-
Force [for gaming and content creation]. If a mistake costs 
a fortune, don’t cut corners.”

Velocity Micro is noted in the industry as one of the 

SPEC is a nonprofit consortium that promotes use of 
workstation performance benchmarks for a variety of 
applications including engineering. It offers various 
testing applications to end users and manufacturers. 
Image courtesy of SPEC. 
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 I purchased an Oculus Quest 2 virtual reality (VR) headset 
a few weeks ago. My wife was none too happy. “But it’s 
a business expense,” I told her. And while there’s some 

truth to that statement—the number of stories that I and 
many others are writing about this impressive technology 
is on the rise—the overriding reasons for my wanting it are 
decidedly non-vocational: flying World War II airplanes, 
exploring Jurassic World, and sparring with Darth Vader. 
Don’t tell the IRS.   

Enter the Holodeck:  
Designing in a Virtual World

The gaming industry has long been big business, but thanks to virtual  
reality technology, it is now taking us where no one has gone before.  

Are product design and manufacturing the next frontier?

BY KIP HANSON

Gaming pursuits aside, I’ve seen for myself what the big 
deal is and now understand why VR and its cousins aug-
mented reality (AR) and mixed reality (MR) are growing 
increasingly important to industries of all kinds. 

For example, construction companies use it to expand 
the capabilities of building information modeling (BIM) 
systems, a market projected to reach $42.9 billion within 
the next 10 years. Aircraft repair facilities rely on AR/VR to 
speed training activities, as does the trucking industry and 
even the U.S. Army. In fact, Price Waterhouse predicts in 
its “Seeing is Believing” report that 23.5 million employ-
ees could be using AR and VR in their jobs by 2030, with 
manufacturing high on the list. 

Bringing Cars to Life
And game developers? According to graphics hardware and 
software developer NVIDIA, customers use the company’s 
XR technology (an umbrella term that encompasses AR, VR 

and MR) together with 3D cre-
ation software and the cloud to 
“bring characters to life.” 

Greg Jones, director of 
global business development 
and product management for 
XR at NVIDIA, is in full agree-
ment on the many benefits of 
virtual reality in all its various 
forms. These are especially evi-
dent in the automotive space, 
he says, where “literally every 
car company uses VRED,” a 3D 
visualization and virtual proto-
typing software for automotive 
designers from Autodesk. 

“Automotive manufacturers 
design a range of vehicles using 
design and engineering ap-
plications such as Alias, CATIA 
and NX,” says Jones. “Once 

As the demand for increasingly realistic virtual reality environments mounts, 
the design community is exploring gaming hardware for solutions. Image 
courtesy of NVIDIA.
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signers told me he can now output five conceptual designs 
in the time it once took to do two, more than doubling the 
chance that his would be the winning design.”

Look, Mom: No Wires
Jones notes, however, that VR’s use in the design space re-
mains limited for several well-understood reasons. “Right 
now, a typical VR design scenario requires that everybody 
has a workstation able to render 90 frames a second in stereo 
with high resolution,” he says. “That takes a pretty beefy 
graphics card. In addition, you have to tether the headset to 
the workstation, then establish an external tracking system. 
That’s why an average architectural firm, for instance, won’t 
have VR at every desk, but rather a dedicated room or two 
where designers can work with a resident VR specialist to 
pull it all together. It’s a complex process.”

NVIDIA has tackled most of the challenges with its 
CloudXR software, which companies can deploy wirelessly 
over a 5G or wireless network. As its name implies, it runs 
on any cloud-based server (although Jones is quick to point 
out that on-premises installations are also perfectly fine) and 
relies on NVIDIA RTX computer graphics technology to 
deliver AR and VR to game developers, automakers and any 
other industry that requires high-end virtualization. 

Streaming XR, says Jones, eliminates the hardware hassle 
described earlier, allowing designers and engineers to stay 
at their desks, put on a VR headset and connect to a remote 
server on demand and without the need for specialized hard-
ware. “CloudXR makes VR both affordable and easy to use,” 
he says. “Think of it as the democratization of virtual reality, 
in that anyone who can afford a headset can be a user.”  DEDE

the interior and exterior ‘first surface’ or visible surfaces are 
created, the resulting models are assigned color, material and 
finishes to be viewed in optimal lighting environments that 
replicate both studio evaluation courtyards and real-world 
environments. The design evaluation process and perceived 
quality confirmation is commonly performed in Autodesk 
VRED, and now, design confirmation using VR headsets in a 
collaborative setting has become integral to both small teams 
and larger executive reviews.”

The challenge, he adds, is that the ray tracing functions 
used to create these photorealistic models are difficult in VR, 
requiring “a fairly expert user” to operate. Because of this, 
some automakers are exploring the use of game engines like 
Unreal for uses ranging from design review, to marketing, to 
online configurators.

VR is also being used well before the design review pro-
cess. Jones points to McLaren Automotive, which has begun 
using VR to design its supercars. “The engineers did their 
initial designs freehand in a VR system called VectorSuite,” 
he says. “They didn’t even do life-sized cars, but simply 
started sketching the lines and shapes and spinning them 
around as they went. It worked so well that one of the de-

➜ MORE INFO

• McLaren Automotive: Cars.McLaren.com

• NVIDIA: NVIDIA.com

• VectorSuite: Vectorsuite.co.uk

For more information on this topic, visit DigitalEngineering247.com.
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Rimac Concept One 
rendered using Autodesk 
VRED on NVIDIA RTX and 
streamed over Wi-Fi using 
NVIDIA CloudXR. Image 
courtesy of NVIDIA.

NIVIDIA’s streaming XR technology promises to 
democratize virtual reality by eliminating the need 
for wires and specialized hardware. Image courtesy 
of NVIDIA.
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Yet as additive manufacturing (AM) technologies evolve to 
be better suited for production-grade applications, the tradi-
tional DFM playbook is being turned on its head. Instead of 
adhering to conventional rules about what constitutes manu-
facturability, organizations need to shift culture and design 
principles to meet a still emerging design for AM (DfAM) 
mindset. Without such a transition, organizations will be 
hard-pressed to reap the full benefits of AM and remain stuck 
in engineering business as usual.

While the notion of DfAM is similar to DFM—consider-

BY BETH STACKPOLE

Design for manufacturing (DFM) practices have 
long been established as critical guardrails to 
ensure the parts, components and products that 

engineers dream up can be efficiently and cost-effectively 
output at scale.

Cultivating DfAM Culture
Infusing design for additive manufacturing principles in professional 

and student engineering settings will help fully exploit AM’s potential.

Penn State’s CIMP-3D center, 
in partnership with 3D Systems, 
introduces students and visitors 
to AM design principles and 
technologies as part of efforts to 
evolve a DfAM mindset. Images 
courtesy of Penn State.

ing manufacturing requirements as part of the early design 
cycle to overcome limitations or to optimize for the advan-
tages of a particular process—the basic tenets are wholly dif-
ferent, experts say. 

With traditional DFM practices, much of the focus is on 
what can’t be done with manufacturing processes, such as 
avoiding specific shapes to keep geometry simple or maintain-
ing a particular wall thickness to ensure structural integrity. 

In contrast, DfAM champions an approach built around 
design freedom with a focus on lightweighting, organic 
shapes and parts consolidation.

“AM takes a lot of what we thought we knew about 
manufacturing and throws it out the window,” says Nicho-
las Meisel, assistant professor of engineering design at 
Penn State.

Meisel also serves as the associate director for workforce 
education and outreach for Center 
for Innovative Materials Processing 
through Direct Digital Deposition 
(CIMP-3D), PSU’s center for ad-
vancing and deploying AM done in 
partnership with 3D Systems. “With 
AM, we have to train engineers to 
unlearn what they think they know 
about DFM and embrace a counter-
intuitive design approach.”
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sessment you’ve done on legacy parts for a new design para-
digm,” Simpson says. “We’re still trying to figure out how to 
run QA and analytics on much more complex designs.”

As opposed to clinging to legacy processes and design 
mentalities, engineering organizations need to take more of 
a systems-level approach to design thinking, says Bradley 
Rothenberg, CEO of nTopology.

While traditional design and production processes typi-
cally optimize designs for separate parts and then fit them 
together using different tools and through different func-
tions, DfAM practices encourages cross-functional teams to 
examine the overall process from the start, determining how 
the overall unit can be improved through use of AM. 

“The culture today is how can we make the process more 
efficient, but the culture should be how do we deliver a bet-
ter product,” Rothenberg says. “Culture needs to evolve to 
focus on the results.”

Consider the example of a heat exchanger. A traditional 
design mentality would employ one team to optimize the 
design of the external case and another to formulate a high-
performance heat exchanger design using simulation. Once 
both components were optimized, they would come together 
to result in the final product. 

With a DfAM design mentality and culture, the innova-
tion challenge would be to leverage the power of AM to in-
tegrate the heat exchanger into the engine case so the engine 
case becomes the heat exchanger, Rothenberg explains. 

“It is both structural and performing the heat exchange 

What to Unlearn
Lattices, a key element of DfAM princi-
ples, is a great example of how the meth-
odology veers from traditional DFM 
concepts. Innovating lattice structures is 
all about recasting a part design not as a 
solid, but as an more organic bone-like 
structure to help achieve lightweighting 
objectives without sacrificing structural 
integrity. Yet when companies set out 
with AM for production applications, 
they typically do an apples-to-apples 
correlation, meaning they take an exist-
ing part and print it directly or do some 
slight modifications using AM. 

The problem with that approach is by 
leveraging the same design principles and 
doing a one-to-one conversion, organiza-
tions miss the opportunity to leverage 
AM’s inherent capabilities to improve upon a design. 

“You don’t have the freedom to change the design, make 
it lightweight or minimize overhangs,” says Timothy Simp-
son, professor of engineering design and manufacturing at 
Penn State and co-director of CIMP-3D.  “Instead, you end 
up with extra costs and post-processing work—the direct 
process substitution, where most organizations start, doesn’t 
yield any real benefits.”

Many engineering organizations are also leery of mov-
ing away from tried-and-true design principles they are 
confident will turn out reliable and high-quality products. 
With early adopters of AM gearing up to produce high-
performance components for aircraft or race cars, it’s natural 
that they would err on the side of caution when embracing a 
wholly new DfAM paradigm. 

“With AM, you’re being so much more creative with parts, 
you lean out over your skis when doing so,” Simpson says. 
“The question is: What is the risk tolerance for pushing de-
signs and what is the organizational climate around failure?” 

In fact, decades of institutional knowledge in quality and 
assurance (QA) practices and materials science for conven-
tional manufacturing methods is another roadblock to the 
adoption of new DfAM practices and shifting design culture. 
Companies have poured significant time and money into 
building up this design intellectual property (IP), which is 
completely undone once topology optimization or generative 
design software comes into play to reimagine parts for AM. 

“The problem is you completely undo all the QA and as-

Professor Meisel, recipient of a National Science 
Foundation Faculty Early Career Development award, 
works with Penn State engineering students to 
transform design thinking. 
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For more information on this topic, visit DigitalEngineering247.com.

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

to incorporate specific constraints and objectives to force 
students to dive into some of the more opportunistic DfAM 
concepts, Meisel says. 

A team of professors has also devised a deck of playing 
cards that have become a staple of the AM teaching strategy. 
Each card in the deck has a DfAM tenet (for example, lattice 
structures), and students are tasked with developing a design 
concept based on that particular principle.

Outside of the classroom, there are changes engineering 
organizations need to make to steer culture toward being 
DfAM ready. Adopting Agile principles rooted in software 
development helps engineering organizations encourage 
more risk taking in design through rapid and iterative proto-
typing and process improvement. 

“Doing this at a process level helps create an understand-
ing of what can and can’t be printed or at a design or feature 
level, clarify how thin a wall can be made or what a particular 
internal channel will look like,” Simpson says. “Many times 
it’s easier to print different variations and test them than wait 
for simulation results to come back.”

Investing in DfAM training and seeking out champions 
at middle- or senior-level executive ranks are steps that help 
infuse DfAM principles into engineering culture. It’s impor-
tant to train the next generation of engineers with the latest, 
most advanced tools, but it’s also incumbent on universities 
and industry to ensure they are realistic about what AM can 
and can’t do. 

Fusing the new engineering mindset with the practicali-
ties and experience of decades-long engineering profession-
als is the central challenge for organizations steering towards 
a DfAM future. 

“What will help drive change within companies is having 
bookends for being as creative as possible, but at the same 
time being realistic,” Simpson says. “Companies that figure 
out how to bridge that gap and bring those ideas together 
will be the more successful.”  DEDE

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

operation,” Rothenberg says. “That’s why we need to take a 
systems-level approach to AM and combine things into one.”

Making all the relevant software tools accessible from a 
common and familiar platform is one way to simplify the en-
vironment and encourage the systems-level design thinking 
that is central to DfAM, says Jose Coronado, product man-
ager director for PTC. 

He says customers are jumping between systems to handle 
simulation, AM job preparation and slicing, which is imped-
ing their ability to extract value from AM. To streamline the 
process, PTC is marrying a variety of these core AM capa-
bilities into the Creo CAD design platform.

“Delivering an end-to-end workflow is a great step for 
people who want to get the most out of AM and see the 
impact of a design on the final production process and vice 
versa,” says Nihal Velpanur, product manager for Creo 
additive manufacturing. “Having a CAD tool that can do 
all of this [AM work] rather than a fragmented set of tools 
that do separate functions wrapped together is where the 
industry is heading.”

Back to School
Adding DfAM curriculum to graduate and undergraduate 
university programs is crucial to nurturing the next-genera-
tion of engineers in AM-optimized design thinking and for 
helping current-day professionals unlearn some of the legacy 
design principles. 

Penn State is at the forefront of developing DfAM cur-
riculum through the work it does with students and industry 
at CIMP-3D as well as through its Master of Engineering 
Additive Manufacturing and Design program, offered in-
resident and online, and which to date has matriculated over 
200 graduates. The curriculum covers materials science and 
AM processes with DfAM at its core. 

“The design in the course title is intentional because that’s 
where the value add is at the end of the day,” says Simpson. 
“Anyone can buy a machine, fill it with powder and hit ‘go,’ 
but they aren’t designing parts to take advantage of AM and 
they’re not gaining competitive advantage.”

Penn State takes a two-pronged approach to teaching 
DfAM principles. It lays out restrictive DfAM concepts 
that are more in line with traditional design thinking—for 
example, how to minimize feature sizes, where and how to 
incorporate support structures and understanding material 
isotropy to ensure you end up with a viable part off the build 
platform. Yet it also emphasizes what Meisel calls opportunis-
tic AM, which are the more difficult DfAM concepts to grasp, 
such as lattice designs, freeform structures, consolidation of 
parts and customization. 

Key to the curriculum are problem-based learning scenar-
ios where students are tasked with a real-world design prob-
lem—for example, building a small tower for a scaled-down 
wind turbine. It’s important to set up these design challenges 
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line of 3D printers.

Micro-precision 3D printing provides a cost-effective 
way to address the need for miniaturization in many in-
dustries, without the high cost of specialized tooling and 
molding, while providing greater production flexibility. 
In micro-scale applications that are increasingly common 
in electronics, medical, and other industries, the ability to 
print tens or hundreds of thousands of parts can provide 
real economic savings as well as greater responsiveness to 
design changes and market conditions.

Download the paper today to learn more.

https://pages.peerlessmedia.com/mtc-de-bmf-083021/
https://pages.peerlessmedia.com/mtc-de-bmf-083021/
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 Dramatic changes are afoot with product life-
cycle management (PLM) technology, with 
engineers, manufacturers and industry watch-

ers raising a number of prickly questions. For instance: 
Are PLM platforms still relevant? Can software devel-
opers adapt these platforms to meet the latest wave of 
demands (Fig. 1)? Or are PLM platforms fated to fade 

PLM: Obsolete Technology 
or Work in Progress?

As data usage expands, PLM platforms must evolve to support  
new types of data and connectivity across disciplines.

BY TOM KEVAN

away like so many other technologies that have pre-
ceded it?

To answer these questions, it is imperative to under-
stand what these platforms were originally designed to 
do and examine how well PLM architecture meets or 
fails to meet current challenges facing the technology. 

Only then can you determine whether PLM will con-

Fig. 1: For PLM systems to remain relevant, they must evolve 
from stand-alone applications to multi-engineering domain 
suites of applications. Here, a PLM platform enables the left 
screen to depict the propeller’s structural information and the 
right screen to show stress analysis of the same component. 
Image courtesy of Dassault Systèmes.
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“The main challenge today is that savvy businesses are 
quickly realizing there’s an opportunity to start using that 
data in ways that extend beyond the development process 
and create new value for the business and their custom-
ers,” says Loren Welch, director of design and manufac-
turing strategy at Autodesk. 

“Unfortunately, traditional PLM systems weren’t built 
to work this way and do not yield these kinds of insights,” 
Welch adds. “As a result, massive amounts of product de-
velopment data are literally just sitting there on servers 
doing little more than taking up space.”

Coming to terms with these realities, it’s become clear 
that PLM systems must grow to manage more data types, 
in much greater quantities plus support data connectivity 
across all relevant domains and disciplines. 

This means integrating all engineering data—including 
mechanical, electrical, electronics, software and systems 
engineering—to create a real-time holistic view of the 
asset in question. This is easier said than done.

“All these changes put pressure on traditional PLM 
architectures,” says Bill Lewis, director of marketing for 
Teamcenter, Siemens Digital Industries Software. “If a 
traditional architecture can’t evolve to accommodate all 
of these things, they won’t be able to keep up with what 

tinue to serve a purpose in the engineer’s toolbox or sim-
ply disappear from the data management ecosystem.

A Product of Their Time
Traditional PLM systems are products of a time when files 
were the predominant medium for storing product infor-
mation and when teams worked almost exclusively in the 
same physical location.

These platforms were originally written as proprietary, 
out-of-the-box software aimed at reducing the time spent 
managing files and development processes. Until recently, 
PLM software has focused almost solely on the work of 
mechanical engineering teams. As a result, they were de-
signed to handle CAD drawings and technical engineering 
data, often in a fashion not user friendly to those working 
in other engineering domains.

All these factors make for a rigid architecture, suited 
to handle only a small subset of the data now used to 
design and manufacture new products. The stand-alone 
nature of these proprietary platforms makes modifica-
tions and upgrades difficult and often precludes interac-
tion with other types of software. These limitations have 
essentially placed a cap on the value the traditional PLM 
systems can deliver.

Fig. 2: A major challenge confronting PLM platforms is gathering and analyzing the large volumes of information 
generated by products operating in the field. Shown here is a digital twin rendering of a machine, illustrating 
how performance data and a host of other signals from the machine can feed into a cloud-based, data service–
enabled PLM system. Image courtesy of Autodesk.
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impossible, for proprietary on-premises PLM systems. 
A solution emerging in modern PLM systems, espe-

cially those based on the cloud systems, is the adoption of 
new data storage strategies. 

“Traditional PLM systems were file based,” says Ra-
mesh Velaga, worldwide ENOVIA industry process expert 
at Dassault Systèmes. “To support the needs of new prod-
uct development, newer PLM systems are eliminating files 
and moving to data-based representations.”

This allows businesses to tap a single-source-of-truth 
dataset, whatever the current product design is, as the 
source of data they analyze. These systems eliminate de-
lays, loss of detailed data and headaches that come with 
file switching.

Big Data Equals Big Problems
Another pressure point of interest can be found in the in-
fusion of data from Internet of Things (IoT) devices—also 
known as Big Data.

Users that implement digital threads and digital twins 
now ask PLM systems to incorporate IoT data to cre-
ate a complete picture of an asset, extending through the 
product’s operating life. This promises to open the door 
for engineers and manufacturers to evaluate the asset’s 
performance, improve existing designs and manufacturing 

customers are demanding from the products that they buy, 
and they won’t be able to support the new business models 
that original equipment manufacturers (OEMs) are look-
ing to capitalize on.”

Problems From the Start
Pressure points provide a clear view of where and how 
traditional PLM architectures fail to meet the demands 
of today’s product development and manufacturing 
teams. One such pressure point is front-end design data. 

Products have become more sophisticated as product 
development teams increasingly use the latest generation 
of design tools, such as 3D CAD and advanced modeling 
and simulation software. This in turn has increased the 
data that must be tracked, managed and scaled to uncover 
insights that increase productivity.

Further complicating the data management process, 
CAD software vendors have built traditional PLM 
systems to manage their proprietary CAD data. Most 
businesses, however, use multiple authoring applica-
tions, from various software vendors. These include 
electronic design automation, modeling and simulation, 
computer-aided manufacturing and application devel-
opment tools. Accommodating all these integrations 
and file compatibilities has become very difficult, if not 

Fig. 3: Multi-domain PLM software suites aim to correct this failing by supporting application lifecycle 
management-product lifecycle management integration. Image courtesy of Siemens Digital Industries Software.
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strategies and create new products (Fig. 2).
“The advent of the IoT and other data collection 

technologies has created a new avenue that clients can use 
to understand the performance of their products in real 
time,” says Velaga. “This data helps them to build reliable 
and fault-tolerant products.”

The catch is that the quantity and diversity of the data 
in question is unlike anything PLM has ever seen. 

“The volume of data that PLM systems are now 
supposed to handle can be staggering,” says Matthew 
Thomas, managing director and North America engineer-
ing lead at Accenture. “For example, we created a digital 
twin for an aerospace company of an in-production com-
ponent that had millions upon millions of data points. 
PLM systems are just not architected to handle this type 
of data in an effective way.”

A growing consensus is emerging that contends that 
virtually nobody wants, or has the capacity in their PLM 
systems, to store and manage the data on-site in the same 
way they manage design data. It is simply too much data 
for on-premises systems to ingest.

Software Enters the Picture
Much like the infusion of IoT device data, the increasing 
importance of software development data is forcing PLM 
users to take a hard look at the fundamental nature of the 
next generation of products and how it impacts the effec-
tiveness of traditional PLM architectures.

“In the past, a bill of materials for a product was often 
driven by computer-aided design,” says Thomas. “Today, 
innovation is more likely going to come from the software 
rather than electronics or hardware designs. This is a 
whole different way of thinking about a product.”

Confronted with these facts, PLM developers now 
acknowledge the necessity of integrating hardware and 
software development data, but at the same time, they rec-
ognize the difficulty that this process poses to traditional 
PLM architectures (Fig. 3).

“PLM systems typically do a poor job in managing 
software development lifecycles because they are just 
not able to cope with the dynamic, iterative processes 
used in software development, never mind methods like 
paired development or other software assurance tools,” 
says Thomas.

Furthermore, like IoT data management, software de-
velopment involves large quantities of data. For example, 
in software development, the issues that come into play 
are the speed of development and the rate of change. For 
maintenance, it is the sheer volume of data that IoT de-
vices generate. PLM systems simply were not designed 
from the ground up to handle these large data sets.

These data demands simply don’t match up with the ca-

pabilities of traditional PLM tools. As a result, PLM system 
developers are turning to new architectures to meet the lat-
est challenges and limitations of their platforms.

A Federation of Equals
As part of their search for new architectures, PLM de-
velopers must first change their worldview. This means 
recognizing that PLM can no longer be a singular, one-
dimensional application. Rather than being the center of 
the PLM universe, these platforms must become a mem-
ber of a “federation of equals.” 

Companies must reinvent how they organize their 
engineering departments, the processes they use and the 
systems that support these products. It calls for a much 
more systems engineering-oriented approach, driven 
by product functions and features rather than a product 
structure.

To gain access to the resources required to make 
these changes, users must transition from the one-
platform mindset to one that is based on multiple best-
in-class applications. The logic behind this move is that 
forcing a PLM system to incorporate various applica-
tions—such as an IoT or software system—means that 
the user must accept less-than-ideal functionality and 
all the handicaps that entails.

PLM, IoT and software development all have unique 
characteristics and requirements. To succeed, each system 
must be tuned to the unique needs of the people and use 
cases involved. That said, these best-in-class platforms 
must be tied together where use cases demand, enabling 
all of the systems to work together in a unified, holistic 
product development environment that can support com-
plex use cases and achieve synergies.

Multi-Domain Integration Networks
One approach to the “federation of equals” paradigm of-
fers a broad assortment of best-in-class domain and enter-
prise applications tied together via a common data back-
bone, leveraging standardized infrastructure capabilities. 
Systems based on this paradigm make applications avail-
able, on demand, over the web, via various deployment 
options. These range from on-premises to the cloud.

“One example of this can be seen in Teamcenter 
applications,” says Siemens’ Lewis. “Here, most of the 
deep connectivity mechanisms are shared and used 
across multiple types of deployments, using common 
foundational components. An example of this would 
be the configuration management engine. In this case, 
one configuration definition can be used to configure 
all the different data types, and because they are on a 
common data backbone, users can see exactly how that 
requirement affects the CAD design and how the CAD 
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PLM platforms and the tools themselves.”
Data services’ information model further expands data 

accessibility by allowing multiple users to work concur-
rently on a design by breaking up the body of information 
into smaller pieces (e.g., one person works on the bill of 
material, while another works on the CAD files). This fea-
ture highlights the advantage of having all the data in the 
cloud in a single source of truth.

Combine data services flexibility and data manage-
ment capabilities with the cloud’s storage capacity and 
computing resources, and you have a potential solution 
to many of the flaws pulling traditional PLM architec-
tures toward obsolescence.

“By moving PLM systems to a cloud-based platform 
that leverages data services, management of associations 
between files and making sure everyone’s working from 
the current design becomes much easier to manage,” says 
Autodesk’s Welch. “Beyond the associative relationships, 
data service-enabled cloud PLM opens the door for a 
much more granular approach to data that’s simply not 
possible with on-premises solutions. Understanding how 
a metadata change affects an associated document or how 
a geometric change affects a process can all be automated 
with a modern, cloud-based PLM platform.”  DEDE

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

design lives in a bill of materials, and so on, throughout 
all the modules.”

Using this model, certain deployments may have a 
specialized implementation to address challenges like per-
formance or cost. For example, a file management system 
may be optimized for cloud deployments, taking advan-
tage of cloud-specific file storage systems provided by dif-
ferent cloud vendors.

To integrate third-party applications, this approach 
uses various integration mechanisms to plug the applica-
tion into the larger PLM suite. These mechanisms range 
from simple linking of data between systems to replication 
and synchronization. The use case and needs of the appli-
cation drive the direction taken for such integrations.

Looking to Native Cloud Systems
Another approach to the “federation of equals” paradigm 
takes a different tack, using an architecture based solely on 
native cloud systems—meaning the platform is built from 
the ground up for the cloud, with all associated applica-
tions connected to a cloud backbone.

A key distinguishing feature of these systems is their 
use of data services—self-contained units of software 
functions that organize, share or analyze information col-
lected and saved in cloud storage. The inherent nature 
of these services makes information more accessible and 
comprehensible to a broad assortment of applications and 
adds characteristics to data that do not occur natively, such 
as metadata.

One benefit of using data services lies in their flex-
ibility to handle configuration and customization of 
their data models.

“In the modeling and simulation domain, PLM soft-
ware providers must deal with a plethora of tools—their 
own, third parties’ and client-built custom modeling 
tools,” says Thomas. “Unfortunately, most companies have 
limited to no governance to drive the consistency needed 
to feed this data into the PLM applications. To solve this 
problem, companies are increasingly turning to a distinct 
data services layer, which acts as a translator between the 

➜ MORE INFO

•    Autodesk: Autodesk.com

• Dassault Systèmes: 3DS.com

• Siemens Digital Industries Software: SW.Siemens.com/en-US 

For more information on this topic, visit DigitalEngineering247.com.
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Each week, DE’s editors comb through dozens of new products 
to bring you the ones we think will help you do your job better, 
smarter and faster. Here are our most recent musings about the 
products that have really grabbed our attention.

AMD makes updates to the AMD Radeon ProRender SDK and plug-ins, a physi-
cally based path tracing rendering engine that supports various CAD and content 
creation software products. A Software Developers Kit  is available under the 
Apache 2.0 open source license. ProRender supports CPUs and GPUs that run 
OpenCL or Apple Metal. ProRender also offers specific plug-ins for Autodesk 
Maya, Blender and SideFX Houdini; a new plug-in for Inventor has been released.
MORE ➜ digitalengineering247.com/r/25538

Open Standards Professional Rendering Engine
AMD Radeon ProRender updates apply to software developers kit and plug-ins.

The U.S. subsidiary of BAE Systems offers System of Systems (SoS) Testbed, 
a virtual platform that models, simulates and evaluates fielded and new tech-
nologies for multi-domain national security operational environments. BAE 
Systems says the testbed is an open architecture system, allowing it to com-
bine inputs from existing models, simulations, analytics and mission software. 
The company says the SoS Testbed can model platforms, sensors and mission 
systems at the data level.
MORE ➜ digitalengineering247.com/r/25509

Dashboard Analysis for Multi-Domain Designs
System of Systems Testbed can link formal architecture specifications and more.

PSSC Labs’ PowerWulf ZXR1+ High Performance Computing cluster is compatible with many 
popular applications like OpenFOAM, Ansys Fluent, COMSOL Multiphysics, Matlab and WRF.
nt. The company says this cluster can support NVIDIA and AMD GPUs designed for AI/ML. 
PSSC Labs says each cluster is assembled to order, matching the customer’s specific component 
requirements. The company uses Intel and AMD CPUs, and AMD and NVIDIA GPUs. 
MORE ➜ digitalengineering247.com/r/25489

HPC Cluster for Engineering and AI
PowerWulf ZXR1+ is a custom-designed, production-ready HPC cluster solution.

Siemens has two new software suites in the NX ecosystem: NX Auto-
mation Designer and NX Industrial Electrical Design. The suites  are 
said to provide a central design application for industrial electrical and 
automation design.  

Both suites provide a unified multidisciplinary design environment 
for production systems engineering. The duo enables NX users to tap 
into functional design by enabling electrical and automation design 
work without a direct connection to Teamcenter.
MORE ➜ digitalengineering247.com/r/25466

Mechatronic Design for Collaboration
Product suites are compatible with the NX and Teamcenter platforms.
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Telecommunications company  uses visualization  
and simulation to analyze network coverage

Planning for 5G in Omniverse

 When Jensen Huang, CEO of NVIDIA, announced 
the Omniverse at GTC 2019 two years ago, he 
described it as “an open collaboration tool” based 

on the Pixar-developed USD (Universal Scene Description) 
language, giving the impression it was merely a 3D modeling 
environment that accommodates many different file types. If 
that was NVIDIA’s original vision, the product has evolved 
into something much more. With an embedded physics en-
gine (powered by NVIDIA PhysX) and ray traced 3D graph-
ics (running on NVIDIA RTX), Omniverse is now a world-
creation and true-to-reality simulation environment.

One early user, telecommunications giant Ericsson, has built 
digital twins of cities in Omniverse to plan and map out its 5G 
connectivity strategy. 5G will be a critical factor in the success of 
connected and autonomous vehicle deployments, among other 
applications; to design these solutions will require the ability to 
effectively simulate these complex environments.

The Beginning of the Partnership 
Ericsson and NVIDIA entered a partnership in 2019, with 
plans to collaborate on “technologies that can allow commu-
nication service providers to build high-performing, efficient 
and completely virtualized 5G radio access networks (RAN).” 
At the time, Omniverse was still in its early stage, a collabo-
ration platform to facilitate users of different 3D modeling 
software tools. 

An accurate 3D city model with rich details (such as 
bridges, tunnels, and urban foliage) would allow the telecom 
provider to simulate, analyze, and refine its strategies for 
radio frequency propagation. This turns out to be a role 
Omniverse is well-positioned to fill. 

Cities Inside Servers
Presenting the 5G simulation project at GTC 2021, German 
Ceballos, an Ericsson researcher, said, “Ideally, we would like 
to simulate the use cases, mimicking real life scenarios. So we 
set up environments with models, meshes, materials, and even 
textures” (“Leveraging Omniverse for Rich 5G Simulations” )

The three phases of the project are scenario design, 
simulation, and result visualization. The telecom firm relied 
on in-house Ericsson technologies, Python, and Google 
Earth data, not all connected together, Ceballos revealed. 
“Our ultimate vision is to have an integrated simulation and 
visualization environment that relies on the same backend 
technology,” he added.

With Omniverse, Ericsson engineers were able to ingest 3D 

data from Blender and Unity game engine for scenario design. 
The GPU-accelerated RTX Renderer allows users to view the 
results from web browsers, mobile devices, and VR clients.

The rich 3D models and simulation exercises allowed 
Ericsson engineers to identify obstructions and figure out 
how to deploy in multi-story buildings for best coverage, 
among others. The 3D setting also allowed users to drag 
the avatar of a user along a path to see potential reception, 
coverage, and obstructions along the way in real time.

RTX-Enabled
NVIDIA describes Omniverse as “cloud native and multi-
GPU-enabled.” Its 3D rendering power comes from 
NVIDIA RTX Technology, allowing photorealistic visuals 
to be streamed. The software has plug-ins that connect to 
Autodesk Maya, PTC Onshape, McNeel Rhino, Epic Games 
Unreal Engine and other popular 3D tools. 

For small workgroups, Omniverse Enterprise can be 
deployed in a LAN setup connected to NVIDIA RTX-pow-
ered workstations. For larger enterprises, it can be deployed 
in a mixed environment hosting virtual and real RTX 
workstations. RTX-enabled workstations and servers are 
available from NVIDIA’s OEM partners, such as Dell Tech-
nologies. NVIDIA also offers beta downloads of Omniverse 
Create and Omniverse View, two end-user applications. 

Telecommunications company  Ericsson uses NVIDIA 
Omniverse to simulate and visualize future 5G 
networks. Image courtesy of NVIDIA.

For the full version of this article and more information about the Advanced Product Development Resource Center, visit APDRC.com.

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-S32204/
http://www.APDRC.com
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Next-Gen Engineers

BY JIM ROMEO

track in West Lafayette. The last lap 
was about 1:12. It was a great day for 
them as they have tried so hard for sev-
eral years. They had one student who 
had been on the team for four years, so 
it was great to see their success.  

Collegiate had seven EV [electric 
vehicle] go-karts participate. Several 
schools shared that there were some 
technology and older equipment issues.  

There were 12 schools that partici-
pated in the high school division. Most 
schools build their EV go-karts as part 
of their class project for the year and 
get credit. Other schools use it as an 
extracurricular program. Others are 
technical education or charter schools. 
When we were designing the EV go-
kart program, we consulted schools 
and students—especially those who 
had robotic teams. Many of them said 
building an EV go-kart would be a cool 
option as it was something they could 

P urdue University’s evGrand 
Prix is an annual competi-
tive electric go-kart race that 

brings together high school and col-
legiate teams from all over the world. 
Racers build their own go-karts, tune 
the powertrain and chassis dynamics, 
and then put them to the test. 

them to careers in these tech fields 
through trades. They need to be pre-
pared for the emerging field of electric 
vehicles. This can open many doors.  

The race is the “final lab,” and their 
laboratory is the racetrack. 

I look at this as an educator: This is 
not about getting the bragging rights 
at the race. It’s about how you and your 
team can navigate decision-making, 
problem-solving and all the other issues 
one faces. It’s pretty intense. 

Currently in evGrand Prix, there are 
three divisions: autonomous (univer-
sity-based series), collegiate and high 
school. We discovered that for autono-
mous, you must have grad students and 
a professor working with undergrads to 
make it successful.  

For the autonomous division this 
year, three teams participated in the 
race. Kennesaw State successfully made 
five laps around the Purdue Grand Prix 

The event also allows students to get 
real hands-on experience with electric 
vehicles as well as training in several 
professional skills including marketing, 
presentation, community engagement, 
teamwork and project planning.

Danny White is the manager of 
Purdue Motorsports and managing 
director of the evGrand Prix at Purdue 
University. We spoke to Danny to learn 
more about this event. 

Digital Engineering: Can you provide 
an overview of the evGrand Prix 2021 
competition, how it came to be and 
the intent of the program?  

Danny White: When we began 
the evGrand Prix, we were following 
the initial direction of the grant we re-
ceived to change perception of electric 
vehicles and to prepare students for 
new and emerging technologies associ-
ated with electric vehicles. We viewed 
this as a hands-on training ground—to 
train the next-generation of engineers 
and technicians who would be working 
with electric vehicles.  

The evGrand Prix is more than just 
a race: It has several components. Stu-
dents have to participate in outreach 
competitions and academic challenges. 
Ultimately, we are preparing students 
for going to college or introducing 

The event allows students to get hands-on 
experience with electric vehicles as well as training 
in several professional skills. The high school 
division is a completely on-spec series, while the 
college level is more innovative and the rules are 
more open. Students can make their own motor, 
battery pack—but they have to buy a chassis. 
Images courtesy of Jim Romeo/Purdue University.  

Students, Start Your Engines

Student Competition Profile: Purdue University  
evGrand Prix Student Competition



DigitalEngineering247.com /// October/November 2021 DE | Technology for Optimal Engineering Design  53

//////////////////////////////////////////////////////////////// ////////////////////////////////////////////////////////////////
Next-Gen Engineers

can learn the systems—and then hope-
fully get internships and jobs. They are 
so different because they are working 
with a different system. 

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

White: We have former race team 
members who have worked with 
SpaceX and Tesla. We have students 
who work in a wide variety of capaci-
ties with auto racing teams. The main 
drivers, of course, are a passion for mo-
torsports and willing to work through a 
variety of situations. They don’t give up. 

Another main goal is economic 
development. Companies can see that 
Purdue is providing that quality student 
[as a potential] incoming employee as 
this industry quickly transitions. There’s 
a big need for engineers and business 
majors. There are opportunities to re-
think assembly lines. We’re preparing 
students for their future.  

As we look at the automobile in-
dustry and racing, we’ll still maintain 
internal combustion engines, but any 
new venture needs to be electric. That’s 
where the country’s going. That’s the 
future. We’re leading the way. We want 
the nation to get that. Purdue is one 
of the most innovative schools in the 
world. Where can I get those engi-
neers? We’ve got the resources to take 
you where you want to go.  DEDE

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

MORE INFO ➜ 
• Purdue University evGrand Prix:  
bit.ly/2Y43dGm

They have students who work on 
marketing, outreach, engineering and 
technology and logistics. It turns out 
[to be] very entrepreneurial. They are 
building and running their own race 
team. We’re bringing the business com-
munity into the school. One of our 
newer partnerships allows for technical 
assistance by using retired United Auto 
Workers (UAW) members to assist with 
technical guidance.  

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

White: The high school division is a 
completely spec series, with everything 
being the same. We keep it spec so they 
know how to do the setup. The college 
level is more innovative, and the rules 
are more open—a true developmental 
series. They can make their own motor, 
battery pack—but they have to buy a 
chassis. We’re trying our best to think 
outside the box and be creative.  

The changes in technology have 
been great. Ten years ago, we used 
large battery packs that were about 60 
lbs. each. Now they are much smaller, 
lighter and more powerful. 

For the university autonomous se-
ries, they had to think outside the box. 
They have to figure out their computer 
stacks and sensor arrays. We may have 
one team that wants to partner with a 
manufacturer, and they can. Students 

all do. There’s a lot of math and physics 
in the EV go-kart. Teams must set the 
chassis dynamics up right and balanced; 
cross-weights need to be right. They 
learn so much applied math, physics, 
geometry and some chemical engineer-
ing and data analysis. Even after the 
race, they are reviewing data and every-
thing that happened at the track. This 
gives them a way to be interested and 
to understand the “why” and prepare 
themselves for next year. 

We designed the high school sys-
tems to be safe. All the electrical drive 
components are designed to be safe and 
allowed at school. It doesn’t enter [into] 
any hazards. Also, we worked with them 
on pricing; the high school price point 
is $5,500 to $6,000.  

We also work with state economic 
and trade groups for this project. It 
encourages strong and basic math skills, 
which are appreciated from an employ-
er’s standpoint. The students also learn 
about soft skills and time management. 

 
DE: Who will be participating or who 
have participated? 

White: We have a wide diversity of 
participants. It’s a mixture of big city, 
suburban and rural schools. There are 
also sponsorship and partnership op-
portunities for schools who might not 
have enough funding. We have seen 
partnerships between schools and spon-
sors flourish through the years.  

Racers build their own go-karts, tune 
the powertrain and chassis dynamics, 
and then put their carts to the test. 



http://www.sigmetrix.com
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By Andrei Vakulenko

T
he f ie lds  of  product  design and the 
entertainment industry feel like they exist in 
different worlds with little in common. After 
all, what could the process of designing a new 

product possibly have in common with movie stars? 

Commonalities that these two industries have 
are the use of 3D scanning, which has a foothold in 
nearly every sector imaginable, and the use of digital 
engineering to create visual effects (VFX) and props. 
Though these spaces appear very different, there are 
actually some significant engineering lessons that 
could be taken from Tinsel Town and used by product 
designers everywhere. 

Changing the Scale of Designs 
Creating props for TV and movies often requires rapid 
prototyping. When Executive Producer Steven Spiel-
berg decided that the Apatosaurus model that his spe-

cial effects team had created for “Jurassic World” was 
too small, a solution needed to be executed quickly. 
The team understood that the best path forward was 
to 3D scan the existing foam-milled Apatosaurus prop. 
This allowed them to digitally capture and physically 
rescale the entire prop, including every frightening as-
pect of its hand-carved exterior.

This workflow is not exclusive to just props cre-
ation. Automobile manufacturers often start with a 
mockup in clay that is then digitally captured so that 
the design can easily be modified. This concept also 
applies to prototyping any object for the first time. 

However, it is the ability to 3D scan and scale a 
prototype that may have taken hours upon hours to 
create—or its individual parts—that can truly save 
time and energy, especially if the problem is due to the 
prototype’s size. This one step can make the difference 
between starting over from scratch or quickly modify-
ing an in-process design, thus turning the model into 
a cornerstone for future iterations. 

With the physical object now digitized, further 
editing can be done virtually. Making adaptations to 
digitally scanned real-world objects is an extremely 
common practice and a huge time-saver for any de-
sign process. 

Adapting Design to Existing Objects
When the pandemic hit, social distancing require-
ments created some formidable hurdles for those 
within the entertainment industry, specifically, cos-
tume designers. With rules limiting their access to 
the very movie stars they needed to outfit, it seemed 
almost impossible for this group of professionals to be 
able to do their work. 

When faced with this challenge, Allyson Fanger, an 
Emmy-nominated costume designer for the hit TV 
series “Grace and Frankie,” turned to 3D scanning as 
a workaround to comply with social distancing rules. 
She enlisted a company that used an Artec 3D scan-
ner to digitally capture the exact body dimensions of 
the show’s stars: Jane Fonda, Lily Tomlin, June Diane 
Raphael and Brooklyn Decker. 

The company then used the subsequent 3D models 

3D Scanning Boulevard:  
At the Intersection of Prototyping and Hollywood
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of the individual actresses to create a foam dress form 
for each star that matched their exact dimensions. 
Using these forms, Fanger was able to filter out what 
wouldn’t work for each actress and design outfits to 
perfectly fit their particular dimensions. 

The world of prototyping often requires adapting 
designs to directly interface with existing objects or 
within specific environments. Similar to how 3D scan-
ning can capture the human form, it can also create a 
model of any available product or assembly that the 
new prototype needs to fit within, or a single part that 
it needs to connect with. 

For example, the interior of a certain car can be 3D 
scanned in minutes, and then uploaded into a digital 
workspace so that the 3D model of a floor mat can be 
perfectly measured to fit into the appropriate space, 
before any physical prototype is produced. The idea 
also works for creating parts that connect or interlock 
with each other. 

Creating a Digital Archive
3D scanning is often used to create highly realistic 3D 
models of people, props and objects, for animation and 
other kinds of VFX. The models are then used in vari-
ous ways during production, but also retained as digital 
archives for later use. 

If a movie is eventually turned into a video game, 
then these models will prove extremely useful during the 
game development process. As well, if a sequel is being 
made for a movie, yet a prop has gone missing, its digital 
twin can easily be inserted whenever needed. This is also 
sometimes referred to as “insurance scanning.” 

In the world of product design and prototyping, 
having a digital archive to fall back on can also be par-
ticularly useful. Even if the early version of a physical 
prototype doesn’t meet expectations, it can later be-
come instrumental in the workflow. 

With a digital record on hand, at least some part of 
that design can be accessed, adapted, scaled or merged 
with other digital objects to create something entirely 
new. Having digital assets on hand can save a lot of 
time over the long run.

Remote Collaboration and Design
Though Hollywood has historically worked via a tra-
ditional, century-old model where movie production 
teams have clustered together in Los Angeles or New 
York, this has been changing. Every production in-
volves hundreds of specialists and technicians, includ-
ing makeup artists, sound and video engineers, not to 

mention actors, producers and directors. Fortunately 
for the industry, technology has just the right tools to 
bring them all together, even when they’re on other 
sides of the world.

3D scanning perfectly aligns with this new para-
digm of the movie set becoming a different way of 
thinking and collaborating rather than one distinct 
physical location. Such a digital transformation using 
virtual workspace solutions is enabling separate re-
mote teams to successfully contribute on preproduc-
tion, filming and postproduction, additionally opening 
the door to hiring more productive, cost-effective and 
highly qualified professionals who aren’t locked into 
any specific geographical region.

The same holds true for prototyping, where design 
teams can be working across the city, the country or on 
another continent. 3D scanning solutions enable abil-
ity to capture a component or object, process it in just 
minutes, and then share the resulting 3D model with 
others via the cloud or direct file transfer. 

From there, the design process can play out as if 
all designers and engineers were together in the same 
room. When the time is right, the ensuing prototype 
can then be presented to managers and other decision 
makers, ready for their feedback and next steps.

The role of digital design and prototyping is criti-
cal to making movie magic. While a great deal of such 
work might at first glance seem useful solely for on-
screen productions, there are still many workflows 
and processes taking place there that can benefit com-
mercial product design. The aforementioned are just 
a few examples of how design and engineering can be 
universally applicable.  DEDE

Andrei Vakulenko is chief business development officer at 
Artec 3D.
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➜ MORE INFO

• Video: youtube.com/watch?v=f43Tc6Pux-Y&t=8s



SPONSORED CONTENT

By Rahul Garg, Siemens

Implementing a Multi-Disciplinary 
BOM System

 Many companies have a bill of materials (BOM) 
with an emphasis on mechanical components. 
However, it can be overwhelming to reflect each 

engineering discipline with more complex configurations 
and added dimensions.

The BOM is reaching a stress point due to highly cus-
tomized machine engineering and production processes. An 
integrated nature of the mechanical, electrical, and software 
solutions requires the BOM to include all domains for mod-
ern, sophisticated machines. 

 When considering all the customer constraints, variants, 
and requirements, every order a machine builder receives is 
essentially a new project. Subsequently, there is a need for 
robust change management, focusing on engineering or plat-
form management, coupled with clear visibility to view the 
impacts of change in a managed environment. 

The goal is to manage the entire machine-building op-
eration in a single environment while comprehending all 
the options and variants. Similarly, this process includes 
integrating requirements, projecting change manage-
ment, and managing the comprehensive bill of materials 
throughout its product lifecycle — from the original engi-
neering design to manufacturing. 

Leveraging a Multi-Disciplinary Design
Machine manufacturers leverage a multi-disciplinary design 
to increase the efficiency of the manufacturing process. A 
multi-disciplinary design assesses the complexities of ma-
chine building, including design engineering and manufac-
turing. In the past, most smart machine manufacturers fo-
cused on CAD and parts manufacturing within tolerance for 
everything to function mechanically within the structural 
arrangement and machine assembly. 

These machines were primarily mechanical pieces of 
equipment, and the mechanical design was in one area, in-
cluding the electrical design, while the schematics and soft-
ware development were in another area. 

Subsequently, the mechanical and electrical designs were 
separated by the project phase and its focus, and the electri-
cal and controls begin after all the electrical devices and 
motors are selected by the mechanical design team. Thus, 
the electrical team can find themselves ordering parts while 
the machine is being wired in the engineer-to-order world. 

In recent years, elec-
trical motors and rotary 
equipment that move 
camshaft gears are now 
driven by software and 
PLC codes to acceler-
ate performance-based 
programs.The multi-dis-
ciplinary design blends 
these capabilities and 
skillsets in a more col-
laborative environment. 
This concentrated effort 
pays dividends in the superior quality output of smart ma-
chine design, working collaboratively in its own space. 

Implementing Smart eBOM  
Configuration Management 
An engineering bill of materials is a configuration of the 
product, portraying the assembly or design. Being able to join 
and manage these two areas cohesively is vital when altera-
tions to the product design prompt a corresponding change 
in manufacturing the BOM process, which is an essential part 
of an effective PLM implementation.  

Competence planning is essential to all engineering 
disciplines to achieve a solid balance for both design and 
assembly to promote greater agility. It is necessary to trace 
customer and engineering requirements, including activities 
performed by the design engineer, electrical engineer, and 
controls engineer for project execution. This process is a 
broad journey starting with an elevated customer specifica-
tion document, using the BOM architecture, and applying it 
to essential delivery tasks. 

A Comprehensive Solution
Siemens Digital Industries Software is driving transformation 
to enable a digital enterprise where engineering, manufacturing, 
and electronics design meet tomorrow. The Xcelerator portfolio 
helps companies of all sizes create and leverage digital twins that 
provide organizations with new insights, opportunities, and lev-
els of automation to drive innovation.

For more information on Siemens Digital Industries 
Software products and services, visit www.sw.siemens.com.

This approach to the smart eBOM can increase manufacturing efficiency.

http://www.sw.siemens.com
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