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present CAASE, the Conference on Advancing Analysis & Simulation in Engineering, 
June 16-18 in Indianapolis! 
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While the market is still in the early phases of adoption 
in many industries, interest is clearly high. According to a 
Markets and Markets report, the 3D metal printing market 
could experience a compound annual growth rate of more 
than 28%, reaching $2 billion by 2023.

That growth is coming from a variety of aerospace, au-
tomotive, healthcare and other applications. As this issue 
was going to press, a number of announcements arrived that 
exemplified this innovation. 

The Marine Additive Manufacturing Center of Excel-
lence (MAMCE) in Canada has partnered with the Uni-
versity of New Brunswick to expand and commercialize 
3D metal printing. The new Design 4AM project leverages 
the Siemens Digital Innovation Platform and input from 
Sonaca for metal printing for space applications. 

Printer manufacturer VELO3D and auto company PWR 
have partnered on a printed aluminum heat exchanger for 
the motorsports market. Optomec reported a 43% revenue 
increase in the second quarter over last year, in part because 
of strong demand for its metal printing products. And a 
number of companies are touting new technological inno-
vations that will make metal printing faster, less expensive 
and more “production ready” for end users.

Exactly how this will play out over the next few years re-
mains to be seen, but we’ve dedicated this issue to providing 
some guidance based on the use cases that are already emerging.

Designing for Metal Printing Processes
In this month’s issue, Senior Editor Kenneth Wong takes 
a deep dive into best practices for designing with additive 

manufacturing in mind, as well as generative design ap-
proaches that can improve results when it comes to printing 
metal parts. 

In addition, writer Beth Stackpole presents an overview 
of strategies for companies that are trying to work out the 
economics of printing metal parts versus casting, molding 
and machining. I also sat down for a lengthy chat with addi-
tive manufacturing pioneer Ron Hollis (formerly of Quick-
parts.com, now heading up a revamped MFG) to discuss the 
evolution of the 3D printing market.

Outside of our 3D metal printing coverage, we also 
take a look this month at artificial intelligence and how 
it is being used for GPU-based denoising; design issues 
surrounding in-home robotics systems; and some advice 
from simulation expert Tony Abbey on analyzing shear 
stress for engineers.

CAASE19 Virtual Conference
Finally, thanks to all of you who participated in our inau-
gural Conference on Advancing Analysis & Simulation in 
Engineering (CAASE19) virtual event in October. We had 
a strong turnout and some excellent presentations from end 
users and experts in the simulation space. 

In fact, one of our presenters, Ryobi Die Casting’s Josh 
Huang, focused on metal additive manufacturing in his 
CAASE presentation, noting how the technology can help 
augment and enhance existing die casting processes. He 
referred to additive manufacturing as a “rising star,” and 
praised the flexibility of design that the technology is en-
abling across applications.

We’ve included a rundown of some of the CAASE19 
sessions in this issue (and there will be additional cover-
age online). If you missed the live presentation of the 
webinars, you can access the full conference on-demand at 
DigitalEngineering247.com/caase19. DE

Brian Albright is editorial director of Digital Engineering. 
Contact him via balbright@digitaleng.news.

3D Metal Printing Applications on the Rise

M ETAL 3D PRINTING is growing rapidly 
thanks to advancements in additive 
manufacturing technology, an expansion of 
available materials and interest from 

manufacturers in shifting to the production of printed 
end-use parts in some applications. This is happening 
despite challenges around cost and quality management.
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| 3D METAL PRINTING

According to a report from Markets and Markets, the metal 3D 
printing market is expected to grow from $590.4 million in 2018 to 
$2.09 billion by 2023, at a compound annual growth rate of 28.8%. 

— Source: “3D Printing Metals Market, Global Forecast to 2023,” Markets and 
Markets, September 2019

— Source: “3D Printing Metal Market Size, Share 
& Trends Analysis Report,” Grandview Research, 

January 2019

$2 Billion
Value of the 3D Printing Metals Market by 2023

Value of the 3D printed medical devices 
and pharmaceuticals market by 2020

— Source: “3D Printing in the Medical and Dental 
Industry, 2019-2029,” IDTechEx, August 2019

$6.1 Billion

Manufacturing technology orders are down 27.6% from 
August 2018 to August 2019, according to the Association for 
Manufacturing Technology (AMT). Orders for 2019 totaled just 
$3 billion, a 14.4% decline compared to the total order value 
for all of 2018.

— Source: “U.S. Manufacturing Technology Orders Report,” October 2019

27.6%

U.S. 3D Printing Metal Market Size, by 
Application, 2014-2015 (USD Million)

Global 3D Printing Metal Market 
Share, by Product, 2017(%)

63%15%

7%

5%
10%

— Source: “3D Printing Metal Market Size, Share & Trends Analysis Report,” 
Grandview Research, January 2019

2014  2015  2016  2017  2018  2019  2020  2021  2022  2023  2024  2025 

 Automotive
 Aerospace & Defense

 Others
 Medical & Dental

104.3 145.3

 Nickel
 Titanium

 Aluminum
 Steel

 Others
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| 3D METAL PRINTING

— Source: “Best Metal 3D Printers in 2019,” ANIWAA, September 2019

•  Capitalize on 
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• Computing
•  Immersive Design
• Simulation
•  Ever-Growing 

Repository

A 
RESOURCE
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ENGINEERS

To Learn More 
Go To:

www.APDRC.com

$137 Million
Amount of capital raised by 3D printer company Markforged over 
five funding rounds.

— Source: “3D Printing Composites 2020-2030,” IDTechEx, September 2019

$20 Million
Amount of investment capital raised by 3D printing composite service 
bureau Arevo since 2016.

— Source: “3D Printing Composites 2020-2030,” IDTechEx, September 2019

$
$
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Engineering Conference News

ROAD TRIP

The event kicked off with a keynote 
presentation from Elyse Fosse, software 
systems engineer at the Jet Propulsion 
Laboratory (JPL), California Institute 
of Technology, “From SysML to Mars: 
Mars202’s MBSE Infusion.”

It’s been seven years since NASA’s 
Mars Rover Curiosity successfully 
landed on the Red Planet. Come 2020, 
people will once again wait and watch 
with bated breath the suspenseful flight 
of the next NASA Rover.

With all the lessons learned from 

the first mission, the current team is 
employing Model-Based Systems En-
gineering (MBSE) to ensure nothing 
is left to chance in designing the next 
rover’s self-steering autonomous flight 
and sample-catching system.

Mars2020, the next rover project, 
inherited a majority of the previous 
Mars Science Laboratory Flight hard-
ware and software. It also inherited 
the technical baseline described in 
disparate presentations, spreadsheets, 
document repositories, emails and in-

telligent minds that have long left the 
project. To account for all this data, the 
Mars2020 engineer team has put their 
trust in SysML, a system modeling 
language. This is the foundation of the 
team’s MBSE.

“It was the age-old problem—the lat-
est document was the PowerPoint slides 
sitting on somebody’s local computer, 
and we didn’t know when they’d have it 
available for us or could share it with us. 
It’s very difficult to build a system model 
from PowerPoints,” Fosse said.

Fosse joined the JPL in 2010. She 
is both a Flight Systems Engineer and 
Mission Systems Engineer for the 
Mars2020 NASA rover mission. Aside 
from the problem of “lonely Excel 

ON OCTOBER 8, Digital Engineering and NAFEMS partnered to present the 
first virtual Conference on Advancing Analysis & Simulation in Engineering 
(CAASE) event. The CAASE19 event provided a glimpse of the simulation-
driven future via web presentations from leading experts and end users.

CAASE19 Showcased Simulation Innovations

The Mars2020 team is using Model Based Systems Engineering (MBSE) to help manage design information. 
Image courtesy of Jet Propulsion Laboratory.
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spreadsheets and PowerPoint decks,” 
Fosse also remembered the language 
issue—or the lack of a common lan-
guage in symbols. “A circle to some-
body was a component; a square was a 
device for some. And that could lead to 
a lot of miscommunication,” she said.

Using SysML, the team began 
consolidating all the documents, with 
sensible rules. For example, a reference 
designator could only be connected to 
another reference designator. A valida-
tion system ensured the documents 
were valid before they were ingested 
into the system model.

“The concern has always been, do 
we have the right roles [for people]? Do 
people with different roles understand 
what information they need to ex-
change?” said Fosse. “In design reviews, 
all of us have to stand up and answer 
the question: how confident are we that 
our design is complete? The system 
model doesn’t quite answer it, but it 
gives us one metric to look at.”

Gaming Engine Fuels 
AV Simulation
Ashley Micks, technical special-
ist at Ford’s Autonomous Vehicles 
LLC, provided an overview of how 
her company is leveraging a gaming 
engine (Unreal Engine) to help ac-
celerate the simulation of advanced 
self-driving cars.

“There is a greater need for 
simulation with higher levels of au-
tonomy,” Micks said. “We are going 
to need to trust these vehicles much 
more when we put them more in con-
trol, and when the human drivers are 
doing less.”

Simulation helps generate data 
much more rapidly, which can miti-
gate the time and cost required to test 
these vehicles. “We can test a variety 
of scenarios more efficiently without 
material expenses, and without having 
to worry about the safety of the test 
drivers. It also allows us to do things 
more practically, because every time 
an algorithm undergoes a significant 
change, we don’t have time to return 
to all of that testing to make sure the 
latest version is fully validated.”

Simulation has become imperative 
for autonomous vehicle development. 

Ford has taken a hybrid approach, lever-
aging both off-the-shelf and internally 
developed tools. Ford is using Unreal 
Engine to streamline these activities.

The company is successfully using 
camera, LIDAR and other sensor mod-
els to test AV performance. Ford even 
created an app to allow it to crowd-
source the production of simulation 
test cases.

3D Printing Isn’t the Death of 
Die Casting
With many automotive and aerospace 
manufacturers turning to additive 
manufacturing (AM) in their light-
weighting projects, the die casting dis-
cipline begins to feel its glory days are 
fading. Some ask: will AM ultimately 
replace die casting? Others worry that 
it’s not a matter of “if,” but “when”—
that the fate for die casting is sealed.

But Dr. Huang, the Senior Technical 
Lead at Ryobi Die Casting, begs to dif-
fer. He foresees a future where the two 
technologies can coexist in a symbiotic 
fashion. With expertise in manufactur-
ing process simulations with CFD and 
FEA, die casting manufacturing, and 
additive manufacturing, Huang is well-
positioned to offer a balanced view of 
the two competing technologies.

In his presentation for the 
CAASE19 Virtual Conference, Huang 
called AM “a rising star.” The tech-
nology is now ready “for low-volume 
production and for making short-run 
tooling for other manufacturing pro-
cesses,” he clarified. By contrast, “die 
casting has great advantages in large 
volume manufacturing.”

For AM, Huang urges users to 
consider material choices available and 
production rate when estimating cost. 

For die casting, the castability—how 
feasible it is to be produced in die cast-
ing—and production volume play an 
important factor.

For AM, polymer is currently the 
most mature material for production, 
Huang pointed out. Metallic AM is 
emerging but the printing time is still 
too long, suggesting it’s not yet fea-
sible for those who regularly churn out 
hundreds of parts quickly. 

Despite its shortcoming, AM proves 
to be “a game changer for automotive,” 
Huang said. “The geometry flexibility 
offers new possibilities to consolidate 
assemblies. It offers new ways to ap-
proach end-run manufacturing, even 
prompts new business models.”

For the benefits of die casting, one 
use case is to employ 3D-printed cool-
ing lines to reduce failures in die cast-
ing, Huang said. “A cooling line with 
10 hoses may be reduced to two hoses 
with AM,” Huang explained.

In addition, 3D printing may also 
be a much more cost-effective way to 
repair and rebuild damaged die blocks, 
Huang said. “Using AM, you can re-
move the damaged part, and rebuild 
just the top portion,” he said. “That 
saves a lot of time and energy.”

Spreading the Word on Innovation 
Diffusion in Simulation
In his CAASE19 talk, “Is Innovation 
Diffusion Possible for Engineers?,” 
Mark Meili, director of modeling and 
simulation strategy and digital innova-
tion at Procter & Gamble, divided the 
major innovators in the engineering 
discipline into two categories: those 
who are very eager to learn and try new 
things, and the rest of the population, 
who only try the technology when they 

Additive manufacturing can enhance and complement traditional die 
casting processes. Image courtesy of J. Huang.
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Engineering Conference News 

ROAD TRIP

“Interoperability is more important 
than ever,” said Neil Peterson, ODA 
president. In his opening remarks at 
ODA DevCon ’19 in Milan, Italy, in 
September (conference.opendesign.
com), Peterson shared the new vision 
with ODA members and a small con-
tingent of press and analysts. “There 
are now many cloud applications and 
many products, and they all must work 
together. Our industry needs standards 
and toolkits for interoperability,” Peter-
son added. “It is our job to provide it.” 

Interoperability starts with decisions 
about choice and control, Peterson said. 

“[Many of] these systems are like black 
boxes. There is no control over where 
data is stored.” If a vendor goes out 
of business and there is no perpetual 
license covering data storage, “you are 
stuck. These companies give a lot, but 
you give up choice and control.” 

Peterson said the current state of 
CAD in the cloud is “the gatekeeper 
model all over again.” ODA’s new Open 
Cloud platform, Peterson says, lets CAD 
vendors and engineering companies 
use all their applications and data in the 
cloud but with a common application 
programming interface. 

BY RANDALL S. NEWTON 

THE OPEN DESIGN ALLIANCE (ODA; opendesign.com) was 
formed to bring independent interoperability between Autodesk 
AutoCAD and all other design industry products. Today, the 
AutoCAD .DWG file format is a de facto industry standard for 

interoperability, so ODA is taking aim at a new interoperability target: The 
rapidly growing use of CAD in the cloud.  

Clouds Without Silos are the New 
Frontier for the Open Design Alliance 

identify the real benefit to them and 
their business.

Meili says that innovation diffusion 
boils down to a simple notion: “Innova-
tion at its best is disruptive. Most peo-
ple don’t like disruption, unless they’re 
the ones doing it.”

Categorizing those who virtually 
attended this track as mostly “early 
adopters” of technology, he says the 
question is how to get other people to 
follow these early adopters. 

“Innovating the way we work is a so-
cial process. I propose that simulation is 
an innovation in how learning is done. 
People do not like change unless they 
see ‘what is in it for them,’” Meili says.

Meili says it is critical to overcome 
the challenge of complexity. “The 
reality is that numerical simulation 
is complex. Commercial software is 
slowly getting better but this will re-
main a challenge.”

In closing, Meili challenges the audi-
ence to provide “the full solution,” not 
just a portion. “You have to give people 
enough of a solution so that they can 
stop doing something else.”

Lastly, he says it’s critical to lower 
the barrier to entry, whether through 
education, easier user interfaces, or 
other options. “Organizations really 
need to invest as much time and money 
on diffusion as on new capabilities,” 
Meili says.

CAASE19 also featured a session 
from Brazilian aerospace conglomerate 
Embraer, in which senior engineer Ro-
drigo Britto Maria explained how the 
company uses a simulation process and 
data management (SPDM ) approach 
to increase throughput, improve data 
traceability and standardize its simula-
tion processes. DE

The CAASE19 keynote and sessions are 
all available on demand at digitalengi-
neering247.com/caase19.

MORE ➜ digitalengineering247.com/virtual

Open Design Alliance President Neil Peterson introduces Open Cloud, a 
new development platform for engineering software. Image courtesy of 
Randall Newton.
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New Territory 
To provide cloud technology toolkits 
for engineering and design, ODA is 
updating and expanding its line of de-
velopment platforms. In 2018, ODA in-
troduced version control technology to 
.DWG, which provides a crucial founda-
tion for extending CAD into the cloud. 

By the end of 2019 ODA will be 
shipping several new software libraries 
to extend engineering into the cloud. 
There are new toolkits for both facet 
and solid modeling, a new software 
development kit (SDK) for STEP, and 
a new development platform called 
Open Cloud. It is expanding beyond 
Amazon Web Services (AWS) by add-
ing support for Microsoft Azure.

It would be easy for some to say this 
is another way for ODA to take shots at 

Autodesk, which is not an ODA mem-
ber. But many engineering software ven-
dors are in the cloud race, and almost all 
of them share the same issues of offering 
a closed system that impedes interoper-
ability and user-determined storage. 

Most discussions of CAD for product 
design and manufacturing frame conver-
sations about CAD as if solid modelers 
were the only game in town, yet .DWG-
based CAD tools capable of 2D and 3D 
are still the majority of CAD seats in 
every CAD-using industry. 

Peterson described Open Cloud as 
“an evolution of the cloud technology 
we have been developing. The new 
name best captures what we want to do.” 
He says the new product covers visual-
ization, data access and service-side au-
tomation. “Open” in the context of this 

toolkit means it is distributed as technol-
ogy that others can use, not a Software-
as-a-Service product. As with all ODA 
products, the full source code is available 
to members, portable to any OS. It will 
support both AWS and Azure. 

The visualization portion of Open 
Cloud is production ready, Peterson 
says, with the other aspects to be re-
leased before the end of the year. DE

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

MORE ➜ digitalengineering247.
com/r/23126

Taking advantage of its acquisition of 
the Mendix low-code app development 
platform last year, Siemens announced 
Xcelerator, an integrated portfolio of 
software, services and application devel-
opment tools that can be customized to 
fit customer and industry-specific needs. 

Xcelerator combines the full Siemens 
design, engineering and manufacturing 
portfolio with Mendix, which now in-
cludes cloud and app services for digital 
engineering and Internet of Things (IoT) 
powered by Siemens’ cloud-based, open 
IoT operating system, MindSphere.

This allows any user—even those with 
no development skills—to quickly build 
apps and integrate with existing data and 
systems, including enterprise resource 
planning and other software systems.

Speaking at the event, Tony Hemmel-
garn, CEO, Siemens Digital Industries 
Software, explained how Xcelerator ties 

into Siemens’ vision of the comprehen-
sive digital twin by providing a way for 
end users to personalize how they view 
and consume data.

“You don’t have to be a software 
developer to write an application,” Hem-
melgarn said. “You can be a domain 
expert who is close to the problem that 
needs to be solved.”

The integration of all of these systems 
also drove the name change, which  “re-
flects the growth in the company’s eco-
system and portfolio of solutions, applica-
tions, tools and services that are driving 
digital transformation at organizations 
across the globe,” the company states.

“Siemens has a long history of deliver-
ing innovation by blurring the boundaries 
between engineering and operational 
domains and bringing together the vir-
tual and real worlds,” Hemmelgarn said. 
“Xcelerator continues that tradition, 

combining our full portfolio of software 
that spans from electronic design auto-
mation through product lifecycle man-
agement with the Mendix platform and 
MindSphere for IoT.”

Xcelerator Integrates Siemens’ 
Portfolio
The Xcelerator portfolio includes solu-
tions for product lifecycle management, 
electronic design automation, application 
lifecycle management, manufacturing op-
erations, embedded software and IoT.

Capital software, from Mentor, 
has been embedded into NX CAD  to 
enable experts across engineering dis-
ciplines to collaboratively create new 
products. Siemens Opcenter solution 
has been integrated with Valor soft-
ware to expand the digital thread, and 
Siemens recently integrated multiple 
automotive validation tools to create 
the PAVE360 pre-silicon autonomous 
validation environment.

With the addition of app services for 
IoT powered by MindSphere, digital 
engineering and system integrations, the 
Mendix platform can connect product 
data to applications and devices. 

Mendix closed a gap in MindSphere, 
Hemmelgarn explained. “The develop-
ment of applications was the slowest 
part,” he said. “Mendix puts the develop-
ment capabilities into users’ hands.”  DE

BY BRIAN ALBRIGHT

THIS YEAR’S SIEMENS Media and Analyst Conference kicked off in 
New York with major announcements around the company’s rebranding 
and a new platform that integrates the Siemens portfolio with recent 
acquisitions. Siemens also officially announced its name change from 

Siemens PLM Software to Siemens Digital Industries Software.

MORE ➜ sw.siemens.com

Siemens Unveils Xcelerator Rapid 
Development Platform
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If you stop and consider the larger picture, many questions 
arise. For example, are Industry 4.0 and IIoT just new names 
for M2M communications, or are these distinctively different 
concepts? If they have different meanings, how will these trends 
affect future industrial ecosystems?

Basic Concepts
Today, the industry sees M2M as a set of technologies that con-
nect machines, devices and objects in a way that helps them  
exchange information and perform actions without human in-
tervention. Essentially, M2M allows almost any sensor to com-
municate with another system. This lets systems monitor them-
selves and automatically respond to changes in machine health 
or ambient operating conditions, with a much reduced need for 
human involvement.

In the industrial context, M2M promises to reduce costs by 
optimizing maintenance and minimizing machine downtime. 
This opens the door for improved customer service by avoiding 
equipment failure through proactive monitoring and servicing 
of production resources.

Although M2M is closely related to  IIoT, the two are not 
synonymous. At its core,  IIoT connects plant floor equipment 
and business systems, creating cyber-physical systems that pro-
vide new ways of generating, collecting and analyzing relevant 
data throughout the industrial space. IIoT focuses on providing 
visibility down to the lowest points of the production floor, en-
abling predictive maintenance and big data analytics.

The biggest difference between M2M and IIoT is scale. 
M2M is often more localized, integrating machines in one or 
a few facilities. IIoT is horizontal, combining production and 
business systems on a global scale, with an eye toward improv-
ing overall equipment effectiveness and providing new busi-
ness insights.

Industry 4.0 builds on M2M and  IIoT, viewing connectiv-

ity and operational efficiency on a grander scale. This concept 
blends digitalization, advanced technology and new business 
practices in the hope of dramatically changing how companies 
manufacture products.

Similarities and Differences
The M2M and IIoT concepts relate to connected device com-
munication, but M2M systems are often isolated, stand-alone 
networked equipment. IoT systems, on the other hand, take 
M2M to the next level, bringing together broadly distributed, 
disparate systems into one large, connected ecosystem.

Other distinctions also come into play. M2M, for example, 
takes the form of closed, hardware-based systems that use non-
IP protocols for communication. These systems often rely on 
point-to-point communications to link embedded systems in 
vertical applications, using structured data  to perform control 
and service management functions.

IIoT systems, on the other hand, are software-based, hori-
zontal applications that communicate via IP protocols. IIoT sys-
tems use structured and unstructured data to perform multiple, 
multi-level applications,  and support almost unlimited integra-
tion options.

The distinction between IIoT and Industry 4.0 lies in the 
difference between the physical and the theoretical. Proponents 
see IIoT as a set of existing enabling technologies for digital 
transformation. 

Industry 4.0, on the other hand, embodies a theoretical de-
scription of future manufacturing, focusing on enterprise-wide 
business process automation, with the aim of creating new mod-
els that may lead to new interactions across the supply chain.

Just Getting Started
M2M technology has already established itself in the industrial 
sector. IIoT and Industry 4.0, however, have only just started to 
find their footing, with proponents and technology providers 
still defining future manufacturing ecosystems. Each concept 
provides its own unique perspective on smart connectivity, and 
each will play a role in shaping future industrial ecosystems. DE

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

Making Sense of Industrial Connectivity Trends

THE INDUSTRIAL ARENA has witnessed a 
constant drive toward greater connectivity. The 
1980s and 1990s saw the sector come to terms with 
fieldbus technology. In the early 2000s, machine to 

machine (M2M) communications took root. Today, concepts 
like Industry 4.0 and the Industrial Internet of Things (IIoT) 
have taken center stage. 
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When you were offered the choice, deciding between 
subs and perpetuals was similarly straightforward: Do 
you have the cash on hand to pay for the perpetual? Do 
you want the updates and support you get under main-
tenance, and do you pay for it? Or do you buy once, and 
then drop maintenance? Perpetual all the way. Or is cash 
an issue, making low cost the key decision factor? Are 
you project based, needing to add and remove licenses 
every so often? 

Today, it’s not that simple, as vendors have added con-
tent to their basic subscriptions and repackaged products 
to try to drive buyers toward new product options. How do 
you decide what’s best for you? There are several factors to 
evaluate when you consider your options.

Define What You Really Need
First, how do you decide what you need? This can actually 
be the easiest part of the puzzle, and should be the first and 
last question you ask. Another angle is: What’s the mini-
mum you need to get your job done? A straightforward 
CAD-only package may be sufficient for 90% of your work-
load, so get that at a minimum. 

What’s nice about subscriptions is that you can add and 
drop them as needed, so when you need spiffy rendering or 
CAE, buy the most limited-time package and you can let 
it lapse when it expires. Buy it again when you need it. But 
don’t get caught up in the marketing—keep asking, what do 
I really, really need?

Focus On Productivity
Second, and another way to consider the same problem: 
How much is too much? If you can generally afford and 
must have access to a CAD/CAE package, buy that for the 
bulk of your users and keep other licenses at the base level. 
Again, you can usually level up and down over time, but you 

need a baseline to get work done. Don’t cheap out; enable 
your team to be as productive as possible.

Carefully Evaluate Bundles
Third, and for this there are no easy general guidelines: 
Does the added content in a specific subscription level 
make a real difference in your ability to do your job? 

If, for example, you simulate in the cloud and the CAD/
CAE package includes credits toward cloud use, do the 
math and figure out if that’s a good alternative for you. 
If you do your cloud computing with another vendor, 
maybe not. But if you want to get started with cloud CAE, 
perhaps yes. This may be tough to parse—vendors are try-
ing to drive you to use their services and like to bundle 
products to entice you. Plan out for a year: What are your 
likely usage patterns and costs? Which options available to 
you are most economical?

Price vs. Value
This ties to the fourth consideration: price-based packaging. 
Separately from CAD/CAE-type bundling, this has to do 
with how you transact with your vendors. Often, there are 
price breaks for annual subscriptions and they can be tempt-
ing, but sign up for a shorter period first to be sure you’re 
really going to use this package over a longer term. It might 
actually be cheaper to use CAD-only packages for 9 months 
and CAD/CAE for 3 months, or to purchase CAD-only an-
nual subscriptions for some users and CAD/CAE for others.

Perform Regular Reviews
Finally, remember that you have choices and know when 
to cancel, level up or level down. Review your usage pat-
terns and workload every few months and maximize the 
flexibility that subscriptions and packaging changes offer. 
Your vendors may have changed their pricing structure 
since you last looked and created the perfect offering, just 
for you—keep looking and find the best possible trade-off 
in price and capability. DE

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

Finding Value in Subscription Licensing

WHEN SUBSCRIPTIONS first came onto 
the market in the PLM-ish world, the math 
was pretty simple: Over a three-year period, 
the cost of a subscription was roughly the 

same as the cost of a perpetual license plus maintenance for 
the same period. 
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“We have the world’s first 3D printer that prints in car-
bon fiber,” said Mark. “What we did is, we took the idea of 
laying up composites, and the mechanics of a 3D printer, 
and combined them.” 

As a desktop printer, Mark One’s then-listed $5,000 price 
tag wasn’t exactly an impulse buy. But it signaled new possibil-
ities and potentials. It was a seminal moment not just for the 
company, but also for the 3D printing industry in general. It 
meant 3D printing was no longer limited to plastic and poly-
mer parts; it could now be the mechanism to produce metal 
parts that rival machined parts in strength and durability.

Around the same time, the R&D division of Autodesk 
began experimenting with generative design. The tech-
nology debuted under the name Project Dreamcatcher. 

AM Simulation Gets More 
Complex with Metal
Generative design and simulation software makers add 
features to address metal AM.

A complex metal part with internal structure printed in metal. Image courtesy of Materialise.

BY KENNETH WONG

DURING THE KEYNOTE at SolidWorks 
World 2014 conference in San Diego, CA, 
Greg Mark, founder and CEO of the startup 
Markforged, appeared alongside SolidWorks 

CEO Gian Paolo Bassi to announce the birth of Mark One. 
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In a teaser blog post in 2014, Autodesk technologist and 
blogger Shaan Hurley wrote, “What if a CAD system 
could automatically generate tens, hundreds or even 
thousands of design options that all meet your specified 
high-level goals?” (“Autodesk Project Dreamcatcher Goal-
Directed Design,” Between the Lines, November 2014, 
Autodesk.blogs.com/between_the_lines). 

Eventually the two parallel technologies converged in 
the need for generative design tools to address metal addi-
tive manufacturing (AM). The question that many are now 
asking: Is the generative design software intelligent enough 
to create shapes that are suitable to produce in a metal 3D 
printer? To answer this, we spoke to the 3D printing indus-
try insiders.

Design for AM
Ray Huff, associate engineer, Wohlers Associates, was getting 
ready to teach his recurring design for additive manufactur-
ing (DfAM) course this year in Youngstown, Ohio, as part of 
America Makes. In day-long courses organized by the AM 
industry analyst Wohlers Associates, Huff and his fellow in-
structors offer hands-on classes and high-level lectures on 
best practices. 

Huff believes every designer should have a desktop 3D 
printer. “They’re just too cheap not to,” he reasons. Mak-
erbot offers tabletop 3D printers priced from $1,299 (The 
Makerbot Replicator Mini+) and up. Markforged’s desktop 
printers begin at $3,499 (Onyx One, Gen 2). 

Even if the desktop printer you can afford seems like a 
world apart from an industrial metal AM system, there’s a lot 
to learn from understanding the process at a smaller scale, 
Huff argues. And even if the polymer-based part printed 
doesn’t match the manufactured metal part, the prototype 
can be used for form, fit and function, he points out.

“AM—even in the metal AM subsegment—there are 
so many different flavors. You can have binder jetting ma-
chines or powder bed fusion machines, for example. Then 
there are newer technologies like Desktop Metal, which ex-
trudes the part. Many designers have exposure only to a few. 
It’s important to be exposed to all different AM methods,” 
he says.

The DfAM course involves using generative design soft-
ware, but Huff cautions the technology is not the press-but-

RIGHT: In the generative design work�ow, the software 
proposed the best topology for a gimbal  
(1. Dassault GD gimbal normal) from the design space 
de�ned (2. Dassault GD design space); engineers can 
visualize the result in a rendered view (3. Dassault GD 
gimbal rendered) and validate the design in simulation  
(4. Dassault GD gimbal result).  
Images courtesy of Dassault Systèmes. 
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ton solution some vendors portray it to be. “In the class, we 
use Altair’s Inspire and Materialise’s Magics, because they 
work well for a quick introduction to generative design, to 
create a part and get it printed,” he says. “Use the software 
to give you guidance on the general form, but know that 
often you need to work on that form to make it 3D print-
able,” he advises.

Topology Study
In September 2017, when SolidWorks 2018 was released, it 
featured Topology Study as part of SolidWorks Professional 
and Premium editions. As one of the widely adopted mechan-
ical CAD modelers, SolidWorks serves as the barometer for 
the industry in many ways. A program known for its no-frills 
approach, SolidWorks usually steers clear from technolo-
gies that seem too far-fetched or impractical. Its embrace of 
topology study—its version of generative design—signals a 
legitimate need for it.

Similarly, Functional Generative Design made its debut 
in 2017 in 3DEXPERIENCE, developed by SolidWorks’ 
parent company Dassault Systèmes. As a product targeting 
larger enterprise users, the 3DEXPERIENCE portfolio 
includes modeling, simulation, social collaboration and real-
time visualization applications. 

Early iterations of generative design tools lacked the 
ability to consider manufacturing constraints to automati-
cally rule out unsuitable shapes and geometry, but subse-

quent implementations address this shortcoming. 
“Both SolidWorks and CATIA [modeling applica-
tion under the 3DEXPERIENCE brand] tools for 
topology optimization and generative design have 
different options for manufacturing constraints,” 
says Mark Rushton, product portfolio manager for 
AM, Dassault Systèmes.

This manufacturing awareness includes the gen-
erative design software’s ability to, for example, avoid 
thin walls and overhangs that can cause printing 
problems in 3D printing or AM. These rules are now 
coded into many generative design tools. But are the 
general rules for AM good enough for metal AM?

“Every AM process is slightly different and one 
thing the topology design rules in all systems do not 
consider is the thermal stress leading to distortion,” 
observes Rushton. For 3DEXPERIENCE users, 
this could be addressed in the dedicated SIMULIA 
simulation applications. 

“[The metal AM printing’s thermal behavior] can 
be simulated by our SIMULIA brand and poten-
tial problems can be prevented by putting support 
structures in place. Another alternative is that the 

model can be morphed so that the [pre-printing] distortion 
leads to the desired outcome after printing,” says Rushton.

Distortion Compensation
Recognizing the important role AM will increasingly play in 
manufacturing, simulation software maker ANSYS developed 
the ANSYS Additive Print and ANSYS Additive Suite in 2018. 
“Despite its many benefits, the current additive manufacturing 
process is time-consuming and expensive—the price of metal 
powders and 3D printing materials significantly limits oppor-
tunities for trial and error during the printing process,” notes 
ANSYS in its announcement of the new AM-focused solutions. 

In developing the ANSYS Print and ANSYS Additive 
Suite, ANSYS is anticipating its deployment among AM ser-
vice bureaus and AM machine developers, among others. 

“ANSYS Additive Print produces results that demonstrate 
to engineers exactly what will occur during the printing 
process—informing designers, prior to printing, if a part will 
fail; and how, where and why it will fail. Simulation prior to 
printing drastically reduces trial and error and the expensive 
printing process,” the company says.

Part of the tool’s strength comes from simulating the dis-
tortion that occurs in the AM process due to thermochemical 
activities. This feature allows “users to rapidly predict how 
their parts will distort during the build process and provides 
a compensated model for users to build. Distortion com-
pensation reduces the need for trial-and-error experimental 
iterations. In short, ANSYS Additive Print saves users time 
and money to make accurate parts,” ANSYS explains in its 
product sheet.

The Glassfold lampshade, designed in Autodesk 
Fusion 360 using generative design technology. 
Image courtesy of Autodesk. 
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Adding Cost to the Equation
The Autodesk generative design technology that started as Proj-
ect Dreamcatcher is now part of many Autodesk commercial 
software packages, such as Autodesk Fusion 360, an integrated 
CAD-CAM-CAE package with cloud-augmented features. 

“The list of available technologies ranges from binder 
jetting to NanoParticle Jetting (NPJ) to Laser Powder 
Bed Fusion (LPBF) to Electron Beam Melting (EBM), 
and much more,” says Sualp Ozel, senior product man-
ager, Autodesk. 

“Each of these technologies has their own design consid-
erations, which can also change based on the machine man-
ufacturer and the model of the printer,” Ozel says. “Some 
parameters, such as object sizes, are easy to incorporate 
when working with design software, while some are more 
difficult. For example, what is the maximum angle a design 
feature can be printed (at) without requiring support struc-
tures? What should be the minimum diameter for a drain 
hole, so that build material can be removed from internal 
features? What should the minimum size of a feature be to 
ensure it will not fail to print? The list goes on.”

“Once a user selects and downloads that generative out-
come, they may need to make further edits to the model 
such as adding drain holes, converting large holes to dia-
mond-shaped openings and adding access material, which 
can later be machined for a tighter tolerance,” says Ozel. 
“All of this is possible within the design workspace within 
Fusion 360 as the outcome is a parametric and editable 
CAD model—not an STL.”

The standard in generative design is to have users specify 
a weight or mass requirement as a target—such as 75% of 
the original part’s mass. But Autodesk adds the option to 
include cost to the equation.

“Thanks to our partnership with aPriori, the generative 
design outcomes are analyzed by aPriori to identify a range 
of cost to manufacture, and presented to users as they ex-
plore the solution space,” says Ozel.

The partnership, announced in June this year, resulted 
in integrating the aPriori Cost Insight Engine into Fusion 
360. This allows Fusion 360 users to obtain cost estimates 
alongside software-generated topologies.

 “We also see future opportunity to extend the insights 
provided with each generative design study to include not 
only cost, but also manufacturability guidance, making 
the selection of design direction even more efficient,” says 
Stephanie Feraday, president and CEO of aPriori.

Changing the Rules
Founded in 1990, Materialise’s stated goal is “to enable new 
uses for the extraordinary potential that 3D printing offers.” 
Over time, the company expanded from only developing soft-
ware to also include printing services. 

“The big thing to remember when designing for metal 

3D printing is that there is a need for supporting the parts 
while printing,” says Dries Vandecruys, design engineering 
manager, Materialise. “These support structures are not 
only needed for the building support, but also act as a heat 
sink for the part while it gets printed. On top of that, the 
support structures are in the same material as the end part, 
which makes removing it through post-processing quite 
labor intensive.  This limits your design freedom and re-
quires some extra thought in the design phase.”

In generative design programs with manufacturing 
awareness, choosing AM as the desired production method 
usually triggers a set of rules to prevent or minimize over-
hangs in the topology. “A rule of thumb in metal AM is to 
avoid overhangs less than 45º. But in practice, that angle 
depends on the size of the overhang and certain machine 
makers even claim that by controlling the process param-
eters, they can create overhangs without supports for angles 
as low as 10º,” says Ozel. 

“Using a single material within laser-based powder bed 
fusion, we can create custom hatching strategies so that seg-
ments of our parts behave differently for different types of 
loading conditions. With the direct-energy deposition pro-
cess, we can even create multimaterial components,” Ozel 
continues. “It’s important to remember that the process by 
which products are manufactured has an impact on a prod-
uct design meeting its operational goals.”

The variety of AM printing systems is increasing. So 
far, the leading generative design software makers have 
done a stellar job in refining their topology-generation 
algorithms to catch up. But automation has a limit. Al-
though it’s possible to code AM-centric rules into the gen-
erative design software’s algorithm, it’s impossible to code 
in a way to account for every AM system’s unique features. 
Therefore, designers should expect some time to refine 
the model. DE

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

INFO ➜ ANSYS: ANSYS.com 

➜ Arconic: Arconic.com 

➜ Autodesk: Autodesk.com 

➜ Dassault Systèmes SolidWorks: SolidWorks.com 

➜ Desktop Metal: DesktopMetal.com 

➜ Makerbot: Makerbot.com 

➜ Materialise: Materialise.com 

➜ Wohlers Associates: WohlersAssociates.com 

For more information on this topic, visit DigitalEngineering247.com.
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But additive manufacturing (AM), or 3D printing, is the 
opposite of subtractive manufacturing. The technology cre-
ates the part by building the geometric volume one layer at 
a time, by depositing and bonding the materials inside the 
build chamber. AM-specific design software programs are 
emerging, and the number is increasing. For example, AM 
systems maker Desktop Metal has developed its own design 
software, dubbed Live Parts, which uses algorithms (so to 
speak) to grow a part by adding volumetric particles. 

But software like Live Parts is an exception. Currently, 
CAD software remains the dominant design tool. For this 
article, we asked AM experts for guidance on the counter-
intuitive yet unavoidable workflow: How to design for the 
additive process in the CAD tools that mimic subtractive 
methods. Most of them shared a similar reply: You need a 
different mindset.

Working Closely with Fabricators
Ray Huff, associate engineer, Wohlers Associates, is one of 
the instructors for the recurring design for additive manufac-
turing (DfAM) seminars organized by Wohlers Associates, an 
analyst firm known for its annual AM industry reports.

“A lot of times, the designers are distanced from the 
machine operators. The designers design, then send the 
file to fabrication shops or manufacturing teams to get the 
part made,” says Huff. “With AM, because the design is so 
closely tied to the process, it’s really helpful for the designer 
to be in frequent contact with the machine operator. The 
machine operator can often tell you why your part might 
fail, or where you need more support in your part.”

Design for Distortion
One thing the AM machine operator might tell you is how 
to design for distortion. The thermochemical process in-

Designing with AM in Mind
Designers and fabricators must support one another to avoid print failure.

BY KENNETH WONG

CLASSIC PARAMETRIC CAD DESIGN is 
a reflection of the subtractive manufacturing 
methods it was  meant to address. The way you 
use the software’s various commands to remove 

materials from a primitive shape—a 2D profile with a certain 
depth or height—to create the final part’s geometry, mimics the 
way the part will eventually be produced in a machine shop. 

ABOVE: AM system maker Desktop Metal developed 
a software called LiveParts, which uses algorithms 
to generate topology by adding up virtual cells (as 
opposed to removing materials). The approach is 
known to produce shapes much more suitable for AM. 
Image courtesy of Desktop Metal.
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volved in many AM systems—especially in 
metal AM systems—leads to certain part 
distortions. That means, to get the desired 
geometry, you need to predict the distor-
tion that will take place in the build pro-
cess, then create a slightly exaggerated ge-
ometry that will result in the desired shape 
after distortion. 

Simulation software maker ANSYS offers AM-centric 
solutions, dubbed ANSYS Additive Suite, ANSYS Print 
and ANSYS Prep. The software includes tools to address 
distortion compensation. Those working in CAD software 
may also use integrated simulation programs to simulate 
and predict the distortion. For example, designing the ge-
ometry in CATIA (part of Dassault Systèmes’ 3DEXPERI-
ENCE brand) and simulating the thermal activities in AM 
in SIMULIA (also from Dassault Systèmes). 

Overhangs and Lattices
Materialise is known for its Magics STL-editor software, 
for preparing geometry destined for AM. Catering primarily 
to the manufacturing and medical sectors, the company also 
offers printing services. 

“The main reason that parts fail is that the design was 

never optimized for 3D printing,” says Dries Vandecruys, 
design engineering manager, Materialise. “Something de-
signed for traditional manufacturing with overhangs and 
without gradual wall thickness, increases the chance of 
failure tremendously. So first of all, take the specificities of 
metal 3D printing into consideration when you’re designing 
your parts.” 

“Materialise e-Stage software for metal really helps to 
tackle these problems,” adds Vandecruys. “It can generate 
the support structures automatically within Magics. With 
the simulation module you can go even further and imme-
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Finding optimal orientation and 
placement of parts in the build area is 
part of the strategy to increase throughput. 
Image courtesy of Materialise.

DE_1119_Focus_AM_Thinking_Wong.indd   19 10/17/19   5:04 PM



DESIGN
FOCUS ON: METAL 3D PRINTING

20  DE | Technology for Optimal Engineering Design         November 2019 /// DigitalEngineering247.com

diately simulate the print process so you can change your 
design if needed. This all helps to reduce the number of 
build crashes significantly.” (For more on the subject of 
overhangs, read “AM Simulation Gets More Complex with 
Metal,” page 14.)

Autodesk offers Autodesk Netfabb, a connected design 
and simulation package for AM. It also offers Autodesk 
Fusion 360, an integrated CAD-CAM-CAE package with 
cloud-augmented features. Fusion 360 includes generative 
design, which lets the software automatically generate suit-
able topology based on user-specified parameters (such as 
stress loads, materials, mass and weight). 

“Today’s generative outcomes are all solid CAD geom-
etries based on singular materials. They may avoid creating 
features like large overhangs to minimize the need for sup-
port structures in AM and control the minimum member 
size so that they can be printed, but they are not aware of 
the parameters with which the object should be printed. 
They assume the design will be fully dense and homogenous 
in its response to external loads,” notes Sualp Ozel, senior 
product manager, Autodesk. 

With AM, there’s also an option to design a part with lat-
tice structures, resulting in lighter parts. It’s an option that’s 
usually too costly or impractical to produce with traditional 
manufacturing means. Some newer AM-focused software, 
such as nTopology and Frustum (acquired by PTC last No-
vember), include this feature. Established CAD and simula-

tion software developers are also adding the feature to take 
advantage of AM’s unique strength. 

Simulating the Build Process
In standard CAD design, you simulate how the part re-
sponds to stress loads, such as pressure, weight, heat or 
airflow. With AM, simulating the build process is also part 
of  preparation. Without this step, the risk of a failed print 
job increases. 

“Make sure to validate [the part] virtually through a 
simulation package before you start printing. With our 
simulation module in Magics, we made simulating easy as 
you can simulate the build process within the print prepa-
ration software without having to open new programs,” 
says Vandecruys.

“With metal AM you really need to design the build, not 
just a part. Think about how this will be manufactured: Will 
you print many of the same parts on one build plate or build 
several different parts at a time to be assembled later? Once 
this is known, you should have an idea of the orientation 
it is best to build each part in, and therefore allow you to 
design for the process better,” says Mark Rushton, product 
portfolio manager, Dassault Systèmes.

Orientation can potentially speed up the print process. A 
single print tray or print chamber can simultaneously pro-
duce several parts. Thus, being able to fit as many parts or 
units on the tray affects production output. 

Simulating the build process is key to ensuring metal AM success. Image courtesy of Materialise.
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But this is also offset by the fact that, in certain orientations, 
the part may require more support structures to prop it up 
during the print process. Finding the best orientation strategy 
and ways to mitigate the need for support are new skills CAD 
designers are gradually learning as they dip their toes in AM.

Don’t Forget Post-Processing
Huff calls post-processing AM’s “dirty little secret.” Vande-
cruys warns “post-processing is quite labor intensive. This 
limits your design freedom and requires some extra thought 
in the design phase.”

Post-processing occurs after the part comes out of the 
printer. It may involve removing materials trapped inside the 
canals, pockets and chambers; smoothing the contact surfaces 
to remove print artifacts; and removing the support structures 
that are required for the print process but are not part of the 
original design. 

If the printed part were a prototype or a one-of-a-kind part, 
the issue may be irrelevant as it can be dealt with as a one-
time measure. But the amount of work is significant for those 
considering AM or metal AM as a means of mass production.

“Even if you have designed it well and produced it in AM, 
there may still be surfaces that need to be machined, or in-
ternal channels that need to be cleaned out,” Huff points out. 
Some of these issues may be mitigated in the design phase by 
avoiding the type of geometry that results in post-processing.

“When you print big meshes, like porous structures for the 
medical industry, it’s really important to think about the clean-
ing process upfront and how you will assure that you get all the 
powder out of the mesh,” says Vandecruys.

More than traditional CAD design, designing for AM means 
understanding how the part will be built. This knowledge resides 
largely in the manufacturing domain, not conceptual design. 
Therefore, to avoid potentially costly metal print job disasters, 
designers need to collaborate closely with manufacturers. DE

Kenneth Wong is DE’s resident blogger and senior editor. Email 
him at de-editors@digitaleng.news or share your thoughts on this 
article at digitaleng.news/facebook.
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For more information on this topic, visit DigitalEngineering247.com.
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Metal AM, though around for the 
last couple of decades, has garnered 
a lot of attention recently as new ca-
pabilities and materials innovations 
advance what the platforms are ca-
pable of producing while lower price 
points put the technology in reach of a 
wider audience. Metal AM for produc-
tion can reduce time and costs, given 

there is no requirement to build out 
expensive tooling. The method is also 
considered more flexible for produc-
ing designs that would be hard, if not 
impossible, to make with conventional 
manufacturing practices.

At the same time, however, metal 
AM is still relatively uncharted waters 
for many companies, and the slower 

speeds and high cost of hardware, ma-
terials and services limit applications. 
Specific industries such as aerospace 
have run with metal AM for the pur-

Finding the Sweet Spot 
in Metal 3D Printing

Engineers need to evaluate part complexity, design freedom and time-to-
market considerations when making a business case for metal 3D printing.

BY BETH STACKPOLE

DESPITE THE INCREASED INTEREST in metal additive manufacturing (AM), engineering organizations are 
struggling to find a definitive formula to make a business case for the technology as a viable method for produc-
tion. There is no one calculation or cost-benefit analysis that justifies the economics—often, it will come down to 
a more nebulous equation based on “it depends.” 

ABOVE: Redesigning or optimizing 
parts is key to unlocking the 
economic advantages of metal AM. 
Image courtesy of 3D Systems.

DE_1119_Focus_Sweet_Spot_Metal_Beth.indd   22 10/18/19   12:45 PM



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

pose of lightweighting and parts con-
solidation, but other sectors have been 
slower to adopt the technology in part 
because there is no magic formula to 
justify the cost. 

“It’s not near[ly] as simple as the 
industry likes to paint it—it depends 
massively on the application and what 
you’re trying to do as an end result,” 

says Kevin Brigden, AM applications 
engineer at Renishaw. “The key is get-
ting the application right and the prod-
uct design right so you can maximize 
throughput and quality. If you take any 

old geometry and try to ram it through, 
you are going to compromise both.”

Complexity Is Your Friend
One of the more straightforward tenets 

Direct Metal Laser Sintering technology delivered greater design freedom 
for producing this combustion liner for an aerospace application. Image 
courtesy of Stratasys Direct Manufacturing.

ANSYS Additive Prep simulation 
software helps work through 
tradeoffs when considering metal 
AM for production, including 
placement of supports. Image 
courtesy of ANSYS.
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for evaluating potential applications 
for production-class metal AM is what 
doesn’t constitute a good use case. Sim-
ple designs or high-volume commodity 
parts are best left to traditional manu-
facturing methods, experts say. 

“Simple designs with high volumes 
and long lead times are not good candi-
dates for metal AM,” says Jeph Ruppert, 
director of 3D Systems’ Customer In-
novation Center, a professional services 
group that helps engineering organiza-

tions work through the cost justifica-
tion process. “For those instances, the 
established supply chain works well, 
especially when certain materials are 
unprintable.”

Unlike traditional processes like 
casting, metal AM requires minimal, if 
any, tooling, making it a cost-effective 
option for low-volume, high-value 
parts production. 

“The question to ask is, is the vol-
ume in a range where it makes sense 
not to produce tooling that has a long 
amortization schedule and instead just 
print parts?” Ruppert explains. As part 
of its evaluation and cost-justification 
process, 3D Systems’ Customer Inno-
vation Center also considers the num-
ber of parts that can fit on the build 
plate, the risk of build failure and over-
all material costs. 

“You look at the material and the 
volumes you are producing and deter-
mine whether it makes sense to spend 
$100,000 on tooling to produce 2,000 
to 3,000 parts,” Ruppert says.

The case for metal AM begins to 
grow when there is part complexity— 
organic shapes or internal structures 
often used in lightweighting applica-
tions or to improve part performance. 
For decades, engineers have been 
taught to simplify parts by staying 
away from overhangs or internal cavi-
ties, which can complicate conventional 
machining or casting processes. Not so 
with AM, and metal AM in particular. 
Those restraints no longer become a li-
ability, but serve as a key driver for the 
technology’s adoption. 

“Part complexity is your friend in 
AM and your enemy in traditional 
manufacturing,” says Phil Schultz, ex-
ecutive vice president of operations at 
3D Systems. He notes that a part reduc-
tion strategy or lightweighting  geom-
etries are the single biggest benefits for 
embracing metal AM technology. “It’s a 
system-level optimization and not just a 
part-level optimization.”

In fact, optimizing or redesign-
ing parts is critical to maximizing the 
value proposition of metal AM. Instead 

Multiple exhaust manifolds with supports in nickel alloy, all printed on a 
single build plate. Image courtesy of Renishaw.

Titanium alloy bike frame created via additive manufacturing. Image 
courtesy of Renishaw.
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of simply porting an existing part to 
be produced on a new platform, 3D 
printing experts say it’s incumbent on 
engineers to optimize designs so that 
they leverage metal AM’s specific ben-
efits for a particular application—for 
example, incorporating micro cooling 
channels in an engine to improve ther-
mal management—or taking advantage 
of the no-tooling requirement to gain a 
first-market advantage. 

“At first, people would just grab a 
part out of the BOM [bill of materi-
als] and see if AM [could] solve the 
problem,” explains Eric Mutchler, 
product manager at Stratasys Direct. 
“What customers are drifting to now 
is making changes so the manufactur-
ing method best suited for the part is 
driven by the design rather than the 
constraints of traditional manufactur-
ing. Customers are finding the benefit 
of cost in that way.”

Cobra Aero, a small manufacturer 

building roughly 2,000 engines per 
year for specialty markets that include 
aircraft and motorcycles, opted to rede-
sign a high-value part for an unmanned 
aerial vehicle after some initial projects 
that used metal AM technology. The 
company’s engineering team, working 
in partnership with Renishaw, rede-
signed an engine cylinder with complex 
lattice structures to improve airflow 
while consolidating several components 
into a single, lighter weight part, says 
Renishaw’s Brigden.

“People tend to assume that what 
they’re doing in plastic prototyping can 
carry over to metal AM, but it doesn’t 
work that way,” Brigden says. 

Simulation can play a pivotal role 
in helping organizations reimagine de-
signs and optimize parts for metal AM 
printing, notes Brent Stucker, director 
of AM at ANSYS. In fact, the concept 
behind the company’s Additive Manu-
facturing Simulation Suite was to make 

metal AM more accessible as a produc-
tion methodology, he says. The soft-
ware includes topology optimization, 
process simulation and prep guides for 
determining part orientation and sup-
port structures. 

Rather than a lengthy and costly 
trial-and-error process to zero in on the 
economics sweet spot, ANSYS Additive 
Manufacturing Simulation tools factor 
specific AM constraints into the design 
parameters, and enlist the software to 
come up with an efficient design that is 
buildable from the start. 

“The bottleneck to AM has been 
how to do that without spending all 
of this money to develop processes,” 
Stucker explains. “Simulation elimi-
nates the vast majority of trial-and-er-
ror experimentation … coming up with 
complex geometry that can be success-
fully built using metal AM.” 

The ANSYS suite also simulates 
AM processes, helping engineers de-

Jason Barnett
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termine optimal process parameters, 
including build orientation, where to 
place supports and how much material 
to use, he says.

Implementation Best Practices
Although complexity and cost are huge 
factors in the cost analysis, there are 
other considerations when evaluating 
the viability of metal AM for produc-
tion. One such factor is throughput 
and scalability. 

Metal AM is generally viewed as a 
faster time-to-market approach be-
cause there is no need for tooling. 
However, the speed advantage greatly 
diminishes as volume scales. Most 
metal AM printers have a 9x9-in. build 
platform so the evaluation process 
should consider how many parts will 
fit on a tray, how long the build pro-
cess will take and how many printers 
can be deployed on a production run 
to get a reasonable cost estimation. 

“If I’m able to put multiple parts 
side by side, have a decent nest and get 
turnaround within a 24-hour period, 
then it becomes more economically 
viable,” says Greg Paulsen, director of 
application engineering for Xometry, 
which provides on-demand manufac-

turing services, including computer nu-
merically controlled (CNC) machining, 
injection molding and an array of 3D 
printing capabilities, including direct 
metal laser sintering. With those ca-
veats in mind, Paulsen says metal AM 
could be viewed as a viable manufactur-
ing solution for small medical device 
applications as well as for electronics 
devices like smart watches. 

The Xometry platform, billed as 
agnostic to any specific manufacturing 
method, lets engineers and designers 
upload a 3D model and get quotes for 
multiple AM processes from a network 
of approximately 3,000 partners, which 
include pricing, lead time and design 
trade-offs. Xometry also offers design 
guides for each manufacturing process, 
to help organizations optimize and re-
design parts for a particular manufac-
turing process, including metal AM, 
Paulsen says.

Companies exploring the metal 
AM route should pay heed to the post-
processing needs of their application 
as it’s another important, but often 
overlooked, piece of the cost-analysis 
puzzle. Parts produced by metal AM 
systems typically require additional 
clean-up work such as heat treatments, 

surface finishing procedures like sand-
ing and machining, as well as separation 
of the support structure from the build 
plate. There is also labor and time as-
sociated with preparing and cleaning 
up the metal powder. “Organizations 
need to understand the part outside of 
the [metal AM] system and how it needs 
to be processed,” says Tyson Gregory, 
metals application engineer at EOS So-
lutions. “Often that is underestimated 
and adds to the cost.”

Before contracting for metal AM 
services from a third-party, it’s im-
portant to codify how the on-demand 
manufacturing service provider con-
trols and monitors the build process, 
adds Stratasys Direct’s Mutchler. Ask 
about granular details like the level of 
material recyclability, traceability of 
powder composition, or the room tem-
perature of the build environment—all 
of those factors can have an impact on 
the performance and integrity of the 
final printed part, he says.

Metal AM technology is still rela-
tively unproven as a mainstream 
manufacturing method so experts say 
there should be a strong emphasis on 
education. “At this point in the history 
of metal AM, it’s about knowledge,” 
says Brigden. “It’s about understand-
ing process controls and putting les-
sons, workflows, and procedures in 
place for a future when machines are 
more capable.” DE

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

INFO ➜ ANSYS: ANSYS.com

➜ Cobra Aero: Cobra-Aero.com

➜ EOS Solutions: EOS.info

➜ Renishaw: Renishaw.com

➜ Stratasys: StratasysDirect.com

➜ 3D Systems: 3DS.com

➜ Xometry: Xometry.com

For more information on this topic, visit 
DigitalEngineering247.com.
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Xometry offers design guidance to help optimize parts for metal additive 
manufacturing processes. Image courtesy of Xometry.
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Cobra Aero began its AM parts journey via a partnership 
with Renishaw, which helped produce a handful of parts for air-
craft and motorcycle engines on its internal printers. Although 
Cobra Aero was happy with the results, it soon became clear 
that to reap metal AM’s full benefits—including the ability to 
consolidate parts and improve performance—the company was 
going to have to kick it up a notch and start the process of part 
redesign and optimization.

“As they learned more about the process, they realized it’s 
more complicated than it looks,” says Kevin Brigden, AM appli-
cation engineer at Renishaw. “They needed to modify designs to 
be more printable and achieve greater performance gains.”

Cobra Aero targeted an engine cylinder for an unmanned 
aerial vehicle (UAV) as the first candidate for part redesign. “It 
made the most sense to start there because that’s where most of 
the design changes happen rapidly, it’s where the highest tooling 
costs are, and where performance is locked into the engine,” says 
Sean Hilbert, president of the firm, which makes about 2,000 
engines a year for a range of different customers.

The original cylinder design required a significant number of 
support structures to print with metal AM, which complicated 
the process because it took a lot of time and effort to remove 
them. In addition, despite post-processing work, the finished 
parts didn’t look as professional as the company wanted.

Working with the Renishaw team, Cobra Aero redesigned 
the UAV engine cylinder with a complex lattice structure that 
boosted performance by improving airflow. The capabilities of 
metal AM allowed for a design of three separate passageways 
that enabled the head, the hottest part of the engine, to be 
cooled differently than other areas. 

“We could never do that with casting,” Hilbert says. Ren-
ishaw’s AM 400 system, which Cobra Aero eventually purchased, 

also allowed for a highly accurate production with no gap be-
tween printed and machined surfaces, he adds.

The redesign enabled Cobra Aero to consolidate multiple 
components into a single lightweight part. “The end result was 
a much more compact component that was easier to assemble as 
an engine,” Renishaw’s Brigden says.  DE

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

Cobra Aero Takes Off  
on DfAM Journey
Partnership with Renishaw helps specialty manufacturer optimize 
UAV engine design for metal AM production.

Cobra Aero tapped the Renishaw AM 400 to produce a 
UAV engine. Image courtesy of Renishaw.

BY BETH STACKPOLE

THE ABILITY TO QUICKLY ITERATE designs to keep pace with a highly competitive landscape drew Cobra 
Aero, a small specialty engine manufacturer, to metal 3D printing technology. After moderate success with its initial 
applications, Cobra Aero decided to go all in with the technology, including investing in a partnership and its own 
equipment to make metal additive manufacturing (AM) a fixture in its long-term manufacturing flight plan.

INFO ➜ Cobra Aero: Cobra-Aero.com

➜ Renishaw: Renishaw.com

For more information on this topic, visit DigitalEngineering247.com.
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The 3D printing cluster and the PAIC are launching as the 
Allegheny County Airport Authority begins work on its Termi-
nal Modernization Program. The 3D printing neighborhood 
(Neighborhood 91) was officially announced on October 25, 
although some details were presented at the America Makes 
Members Meeting & Exchange (MMX) event.

“This will be Pittsburgh’s 91st neighborhood,” says David 
Storer, manager of Real Estate Development at the Allegheny 
County Airport Authority. “It will condense and connect all the 
components of the 3D printing supply chain into one powerful 
production ecosystem.”

Ready Access to Resources
The Innovation Campus is a 195-acre area that will include office 
and industrial spaces, as well as an entertainment district. It will 
also operate as a foreign trade zone.

Key to the additive manufacturing cluster will be the an-
chor tenant, Arencibia, which will provide Argon and other 
noble gases. Storer says that Arencibia will provide Argon 
gas to the entire complex, as well as recycle as much as 95% 
of the gas. 

“It’s a tremendous value-add to have that recycling system in 
place,” Storer says. “That will attract powder producers, printer 
companies and post-processing companies.”

AM tenants will also have ready access to the airport, includ-
ing Qatar Airways’ worldwide cargo service. Storer says there 
are also plans to have a common storage area for combustible 
powders that tenants can access.

The campus is also in close proximity to the University of 

Pittsburgh, which has a workforce development program related 
to AM; Robert Morris University, which also offers engineering 
programs in AM; and Carnegie Mellon University. 

“Workforce development is a key component of this,” Storer 
says. “Additive manufacturing is still in its infancy, and it is ad-
vancing faster than the workforce. We have a great university 
system here in Pennsylvania, and the schools want to get on 
board and train this ‘new collar’ workforce.”

In addition, both America Makes and ARM (Advanced Ro-
botics for Manufacturing) are less than an hour’s drive from the 
campus. America Makes supports the project, and is promoting 
the project within its membership.

Land development on the initial 30-acre site will continue 
throughout 2020 and 2021. The Airport Authority is currently 
going through the RFP process to select a master developer, and 
should have a contract in place by the end of the year. The Aren-
cibia facility should be up and running within the first year. DE

Pittsburgh Airport Plans 
3D Printing Cluster
New Innovation Campus will include a 30-acre additive 
manufacturing center.

Local of� cials break ground on the new Pittsburgh 
Airport Innovation Campus. Image courtesy of PAIC.

BY BRIAN ALBRIGHT

THE PITTSBURGH AIRPORT Innovation 
Campus (PAIC), a major development project aimed 
at generating new economic activity around the 
city and its airport, will feature a 30-acre additive 

manufacturing (AM)  “neighborhood” that brings together 
materials suppliers, 3D printing providers and manufacturers.

INFO ➜ Arencibia: Arencibia.com

For more information on this topic, visit DigitalEngineering247.com.
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One reason rendering physically realistic models is a lengthy 
task is due to denoising, or the process of removing artifacts that 
appear during the rendering process. Given enough time, any 
ray tracing process will remove all the “noise” artifacts that ac-
cumulate during the rendering. Depending on the model and 
the computer, such detailed ray tracing could take hours for the 
most complicated models and days for an animation made from 
the model. For final images suitable for C-level presentations 
or marketing, the wait was worth the time. In day-to-day use, it 
meant designers and engineers generally stayed away from mak-

ing photorealistic images unless absolutely necessary. 
In the past couple of years the two graphics technology lead-

ers, AMD and NVIDIA, have deployed artificial intelligence 
(AI) to speed up ray tracing. Both companies now offer smart 
denoising for ray tracing. Applying AI to denoising has drasti-
cally reduced the time it takes to get photorealistic models.  

Dassault Systèmes SolidWorks is one of several design soft-
ware companies to take advantage of this new technology. They 
incorporated the NVIDIA OptiX software development kit into 
SolidWorks Visualize. 

AI-Accelerated Rendering
Arti�cial intelligence ushers in rendering democratization.

BY RANDALL S. NEWTON

R AY TRACING HAS BECOME the go-to technology for producing physically accurate rendered images in 
product design. The process traces the path of light at the pixel level, factoring in lighting, color, textures, 
shadows and real-world refraction effects. Though accurate, it is also a compute-intensive task that takes hours 
or even days depending on the model or scene.

SolidWorks makes use of software 
technology from both NVIDIA and 
AMD to accelerate rendering. 
Images courtesy of AMD.
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“AI denoising allows Visualize to anticipate and magically 
eliminate noise in your scene,” wrote Brian Hillner, portfolio 
manager for SolidWorks Visualize, in a company blog post. The 
update allows Visualize to work with the new RTX generation 
of NVIDIA technology. 

“You can expect the same photorealistic results 10x faster,” he 
wrote. “Not only does it help your final renders finish 10x faster, 
you can also enjoy this dramatic speed-up while preparing your 
Visualize scenes as well.”  

The line of V-Ray rendering products from Chaos Group 
also uses NVIDIA technology, as do the Arnold and VRED 
renderers from Autodesk. The product design rendering tool 
Luxion KeyShot has historically been a CPU-only renderer, but 
will release a beta version soon that adds NVIDIA OptiX tech-
nology, supporting graphics processing unit (GPU) rendering 
for the first time. 

Layers of Rendering Complexity
Both NVIDIA and AMD offer software-level AI denoising 
that other vendors can incorporate into products. NVIDIA 
goes a step beyond with AI-based rendering included in its 
most recent generation of GPU boards. 

AMD ProRender is an open standards rendering soft-
ware toolkit that vendors can incorporate into products. 
“Essentially the primary purpose of this tool is to accelerate 
rendering so that when a designer or engineer is looking at a 
model, the images resolve right away. Rotate the model and it 
is there,” says Glen Matthews, a senior manager for software 

product management at AMD. “The purpose is not final 
frame rendering, but real-time visualization.” 

AMD views rendering as a process with four levels of com-
plexity. The first is wireframe or rasterized viewing in CAD. 
The second level is hybrid rendering, where the rasterized 
lines and solids are given more detail. Ray-traced elements are 
often placed on top of the rasterized geometry to provide a bit 
of added realism. The third level is biased rendering, which 
includes the use of AI for denoising. The final level is fully path-
traced images, which are both photorealistic and physically re-
alistic. AMD refers to the process of taking advantage of all four 
levels as Full Spectrum Rendering.

Vendors with software used in product design and who have 
incorporated AMD ProRender technology into their prod-
ucts—either directly or via add-on plug-ins from AMD—in-
clude Autodesk (3ds Max, Maya); Nemetschek Maxon (Cinema 
4D); PTC (Creo); Dassault Systèmes SolidWorks (SolidWorks 
2016 and higher); Blender; and Unreal Engine. Software ven-
dors in architecture, engineering and construction (AEC) and 
fashion design are also using the technology. ProRender works 
with any modern GPU, from AMD and NVIDIA, so using soft-
ware running ProRender or installing a plug-in is an option for 
designers not ready to upgrade their workstation for hardware-
based AI denoising.

“The democratizing of rendering is our goal,” says Mat-
thews. “Most CAD users are not rendering but they should. We 
want to make it as easy as possible. [Rendering] technology al-
lows designers to make decisions in real time.” 

ABOVE AND RIGHT: Much of the current development in mechanical CAD visualization is to improve real-time 
visualization for design processes.
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A Neural Net for Rendering 
NVIDIA offers its OptiX SDK to software vendors, but also of-
fers hardware-based ray tracing in its newer GPUs. Designers can 
either use software with OptiX, or for maximum ray tracing fire-
power, upgrade to a newer NVIDIA GPU or a custom worksta-
tion built for NVIDIA’s new RTX Studio specification. NVIDIA 
also sells the DGX Station, which the company says “will give 
designers, artists and other content-creation professionals the ren-
dering capability of 150 standard CPU-based servers.”  

NVIDIA created its denoising technology by training a 
neural net with 20,000 rendered images. Some were rendered 
to a high level; others were “low quality stuff,” says Andrew 
Rink, head of marketing strategy, AEC & Manufacturing In-
dustries at NVIDIA. 

“Is it guesswork?” Rink asks. “No, the software makes an 
intelligent decision,” regarding what is noise and what is a cor-
rectly rendered pixel. “The primary purpose of the tool is to 
accelerate the [hardware] render so that when a designer or en-
gineer is looking at a model, the images resolve immediately.” 

For product design, the primary purpose of AI-accelerated 
rendering “is not the final frame but real-time visualization,” 
says NVIDIA’s Brian Harrison, director of Emerging Technolo-
gies Product Management. “It is for interactive use. It allows 
someone dressing a scene to adjust materials, lighting and ob-
jects, and then see results in an interactive fashion.” The image 
may be a bit “watery” for a second, Harrison says, “but it gets 
great results—90% of the job—10 times faster.” 

A designer can make decisions before they render a final 
scene, Harrison says. “Instead of looking at dithered dots tak-
ing a long time to resolve, the denoiser gets you to a real image 
so fast you can work in real time. People can work at the speed 
of their brain.” 

Harrison has been asked if there is a time when the user 

should shut off the denoiser. “There really is no reason to turn 
off denoising,” he says. “Glass might look watery at first, but it 
resolves so quickly it doesn’t affect workflow.” Harrison adds 
that if a designer is creating an animation, working through 
the flow of images, it might be the only situation where he 
would shut denoising off. “Interactive quick playback might 
be the one time you turn it off. It is not a negative, just an ex-
ample of when not to use it.” 

To NVIDIA, the democratization of rendering comes from 
the ability to provide affordable real-time photorealistic and 
physically realistic rendering to every person in product design, 
not just an expert. “Rendering can be part of the workflow now, 
not a separate task,” Harrison says. DE

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

INFO ➜ AMD: AMD.com

➜ Autodesk: Autodesk.com 

➜ Blender: Blender.org

➜ Chaos Group: ChaosGroup.com

➜ Dassault Systèmes: 3ds.com

➜ Luxion: Luxion.com

➜ Nemetschek Maxon: Nemetschek.com/en/brands/Maxon

➜ NVIDIA: NVIDIA.com

➜ PTC: PTC.com

➜ Unreal Engine: UnrealEngine.com

For more information on this topic, visit DigitalEngineering247.com.
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To answer these questions and achieve a better under-
standing of these robots, engineers should start by dismissing 
most of their preconceptions about these machines. These 
robots are works in progress. In fact, developers have only 
just started to define the roles of the robot in the smart 
home. For appearance, there are probably as many forms as 
there are design teams.

Although the designers’ imagination plays a part in de-
fining these robots,  more influential is the emergence of 
several powerful technologies. The almost steady stream of 
advances in sensing, artificial intelligence (AI) and voice and 
facial recognition are not only shaping designers’ ideas of 
what these machines will be (Fig. 1), but they are also con-
stantly forcing engineers to recalibrate benchmarks of the 
robots’ capabilities and limitations.

Multiple Personalities
One vision of this technology divides the robots into two 
types of systems: service robots and social robots. In both 
cases, these machines can be part of the drive toward greater 
automation in the home.

Within the context of the smart home, service robots pro-
vide utility functions on behalf of their owners (Fig. 2). Cur-
rent examples include iRobot’s Roomba (irobot.com/Roomba), 
Husqvarna’s Automower robot lawn mower (husqvarna.com/
us/products/robotic-lawn-mowers) and Maytronics Dolphin 
Nautilus CC Plus robotic pool cleaner (maytronicsus.com/
product/nautilus-cc-plus).

Smart home technology developers, however, have 
grander plans, in which they foresee robots growing in 
complexity and value. They anticipate that these machines 

Will Robots Find a Place 
in the Smart Home?

FIG. 1: The temi home robot combines advanced sensing, 
Amazon’s Alexa virtual assistant technology, and AI-
enabled facial and voice recognition to deliver a mobile 
smart home hub that promises to take human-machine 
interaction to a new level. Image courtesy of temi USA.

BY TOM KEVAN

WHAT IS A DOMESTIC ROBOT? What roles 
will these machines play in the evolving smart 
home ecosystem? What can current technology 
do, and what tasks lie beyond its reach?

For developers and engineers, emerging “social robot” 
applications are still a work in progress.
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will eventually assume such household tasks as cooking and 
serving meals.

Social robots, on the other hand, will be the soul of home 
systems, providing owners with some level of empathetic in-
teraction (Fig. 3). 

“[These robots] will provide a single interface of interac-
tion for the owner, using multi-modality, context and behav-
ior models,” says Dor Skuler, CEO of Intuition Robotics. 
“They will anticipate their needs, proactively suggest utility 
based on context, get to know how and when we like to get 
things done and direct the service robots accordingly.”

An interface and control unit can take the form of an over-
all system hub. “We have found that robots make the most 
sense as smart home hubs—intelligent machines not only 
capable of controlling existing smart home technologies, but 
also having the ability to predict the environmental needs of its 
owner,” says Joe Taveras, marketing specialist for temi USA.

As a smart home hub, social robots also bridge the gap be-
tween smart home cyber systems and their owners. 

“We need someone to tell our ‘workers’ what to do,” says 
Nir Frenkel, head of engineering at temi USA. “This is where 
digital assistants come into play. You can consider digital assis-
tants as a translator of human speech to computer speech.”

A Richer Mix of Functionality
The incorporation of digital assistant technology positions so-
cial robots to assume a unique set of roles in the smart home. 

The development and cultivation of natural language 
programming algorithms, far-field microphone arrays, echo 
and noise cancellation, and voice recognition are essential 
for many of the functions that these robots perform, but one 
crucial ingredient is missing.

Add mobility to the mix, and you have what promises to 
be a winning combination. According to the ABI Research 

report “Smart Home Robotics,” articulation and mobility 
promise to open the door for broader use of robots in the 
home. Adding robotic functions to existing voice-control 
front-end devices affirms activation and engagement through 
physical movement or simulated facial expressions.

Now integrate these mobile machines with the other 
smart home technologies, and you take home automation to 
a whole new level. 

“Smart home devices like thermostats, cameras, motion 
detectors and so on have zero or almost zero use when an 
‘activator’ is not present,” says Frenkel. “Most ‘activators’ 
we have in our houses are smartphones, smart speakers and 
smart displays. By integrating robots into our homes, we are 
adding another dimension to our smart home: movement, 
or more to the point, autonomous movement. Being able to 
move stuff around your house [open a door or flick a light 
switch on or off] with voice activation is an amazing step up 
for home and business automation. Even though this tech-
nology is in its diapers, this is a start of something amazing.”

The Robot’s Senses
Engineers developing robots for the smart home must con-
tend with a dynamic and sometimes unpredictable environ-
ment. One way design teams plan to meet the challenges pre-
sented by this family of applications is through extensive use 
of sensor technologies. Passive sensors, such as cameras and 
microphones, are more affordable than ever. As a result, they 
have made their way into most smart devices and robots.

FIG. 2: Maytronics’ service robot Dolphin Nautilus CC Plus 
uses AI and a sophisticated navigation system to quickly 
clean pools. With its advanced capabilities, the system 
learns the layout of a pool and automatically remembers 
the location of obstacles, facilitating the ef� cient 
performance of its tasks. Image courtesy of Maytronics.
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These passive technologies provide a foundation for robot 
sensing, but designers increasingly are turning to more so-
phisticated and complex technologies. For instance, the mar-
ket offers specialized active sensors—such as radar, LiDAR, 
time-of-flight cameras and rangefinders—that produce accu-
rate readings of specific metrics. 

These sensors produce large amounts of unstructured 
data. This has historically been difficult to convert into us-
able information, but the emergence of new technologies has 
provided a way around this obstacle, opening the door for the 
use of a broader assortment of sensing technologies.

“When these sensors are paired with the latest advances 
in compute capabilities, such as NVIDIA’s Jetson product 
line and cutting-edge AI, such as deep neural networks, it 
becomes possible to structure the information so as to extract 
troves of useful features,” says Carlos Asmat, lead robotics 
engineer at Piaggio Fast Forward. “Given the increasing 
abundance of computational power, it becomes more advan-
tageous to use sensors that can capture as much information 
as possible while remaining affordable.”

Despite these advances, sensing technologies currently 
supporting smart home robots represent an early, transitional 
stage of development. Designers and users alike can expect 
steady change in this sector.

“As technology matures, we can add more and more senses 
to the robot—many senses that humans don’t have—and 

allow the decision-making and cognitive algorithms to be 
smarter and more accurate,” says Skuler. “Recent examples 
include radar that can see through walls, emotion recogni-
tion, dangerous gas detection, infrared vision, gyroscopes and 
thermal vision.”

Building Spatial and Contextual Awareness 
Building  a rich repertoire of robot sensing capabilities takes 
aim at providing  machines with the ability to cultivate a spatial 
and contextual awareness of the environment in which they 
operate, rivaling, if not surpassing, that of the humans living 
there.

“People share a mental model of their environment,” says 
Asmat. “For instance, we all have a concept of what is the 
interior as opposed to the exterior of our homes, the state of 
our appliances and devices, colors and shapes, to name a few. 
If robots want to better interact with people, they need to 
share this understanding of the environment and communi-
cate in terms the user can relate to and understand. Achiev-
ing this results in more intuitive interfaces, allowing users to 
leverage their knowledge of familiar concepts and objects to 
interact with novel devices.”

Techniques such as object recognition using neural 
networks, simultaneous localization and mapping, age 
and gender detection, emotion recognition and natural 
language processing play key roles in implementing these 
intuitive capabilities. 

On a more basic level, robots must be able to navigate 
and operate in the home. Developers agree that improving a 
robot’s ability to navigate and understand its direct environ-
ment—providing sensing technologies that enable obstacle 
avoidance and the ability to distinguish one room from an-
other—is crucial for establishing the value of domestic robots 
(Fig. 4). Achieving this objective, however, remains daunting.

“When designing robots, we always compare it to the 
human body—depth sensors and cameras instead of eyes, mi-
crophones for ears, motors for muscles and wires for veins and 
nerves,” says Frenkel. “That being said, even with these artifi-
cial body parts, it is very hard to teach a robot that a door is a 
door, [and] a bedroom is a place where humans sleep.”

Robots, however, have one big advantage over humans. 
They are constantly connected to the world’s greatest data 
source: the internet. Using the internet and other Internet 
of Things (IoT) devices, robots can gain a sense of spatial 
awareness that human eyes, ears and nerves cannot detect.

Robots Get Smart
Armed with a growing assortment of sensing technologies, 
robots can gather a broad variety of information, such as user 
motion, appliance usage and house demographics. 

Add that to the information and context gleaned from 
vocal expression, body language, facial expressions and  fea-
tures. For smart home robot designers, the challenge has 
been converting this data into functions like voice and facial 
recognition, spatial and contextual awareness, and empathetic 
interaction. A relatively new technology, however, is provid-
ing engineers with the means of solving this problem.

FIG. 3: Intuition Robotics’ ElliQ robot aims to provide 
older adults living alone with social companionship 
via multimodal interaction. This bot intuitively engages 
users, based on contextual understanding of its 
operating environment and emotional awareness of 
its user. ElliQ responds to voice commands and offers 
proactive noti�cations and advice, such as medication 
reminders. Image courtesy of Intuition Robotics.
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“AI and machine learning tools help aggregate and extract 
meaning from the rich sensor information,” says Asmat. “By 
analyzing the user’s commands in a fuller context, the user’s 
intentions can be more accurately and readily assessed. As 
such, a larger communication throughput is achieved be-
tween the user and the machines without requiring more ef-
fort from the user.”

The process of extracting meaning from sensor data has 
been enhanced with the use of a field in AI called cognitive 
agents, or cognitive AI, which provides a very useful robot-
human interaction model.

“Instead of being a one-direction, command-based, in-
teraction, these agents know how and when to proactively 
initiate interactions with the user,” says Skuler. “These agents 
sense the environment using input sensors such as voice and 
facial recognition, understand the context and make dynamic 
cognitive decisions in real time to determine what is the best 
course of action.”

As a result, developers have been able to impart robots 
with the ability to generate personalized experiences. This 
has helped robots better meet consumers’ expectations.

Smart Home Robots Today and Tomorrow
Any appraisal of domestic robot prospects has to begin by 
emphasizing the fact that these machines are still in the early 
development stages. Practically speaking, this defines where 
developers are in what they are trying to do with the technol-
ogy and the importance of cost and consumer acceptance.

“The current generation of personal robots is more of an 
exploration of the effects of mobility and physical expressivity 
than well-established consumer products,” contends Asmat. 
“How their added features benefit or detract from a virtual 

assistant is for the consumer to decide. So far, it seems that 
most consumers prefer the reduced cost of a purely virtual 
assistant, and they perceive the benefits of the added physical 
expressivity as a luxury addition.”

As the technology evolves, however, the level of robots’ physi-
cal interaction with the real world will likely become more signifi-
cant and begin to outweigh the cost of the required hardware. 

“Based on the trajectory of technological innovation in 
the robotics space, we can predict that smart home applica-
tions will greatly involve the ability of the robot to effectively 
physically manipulate aspects of an environment,” says Tav-
eras. “This will, however, require significant advances in sen-
sor technologies.”

At that point, most developers expect the roles of smart home 
robots to evolve beyond what we can currently comprehend. Ad-
vances in this space will only add to the value of the robots. DE

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

FIG. 4: The temi robot’s ROBOX navigation system incorporates LiDAR, depth and RGB cameras, an inertial 
measurement unit, and proximity and time-of-�ight linear sensors. This instrumentation allows the robots to perform 
3D mapping, user detection and tracking, obstacle avoidance and path planning. Image courtesy of temi USA.

INFO ➜ ABI Research: ABIResearch.com

➜ Husqvarna: Husqvarna.com

➜ Intuition Robotics: IntuitionRobotics.com 

➜ iRobot: iRobot.com

➜ Maytronics: MaytronicsUS.com

➜ Piaggio Fast Forward: PiaggioFastForward.com

➜ temi USA: Robotemi.com

For more information on this topic, visit DigitalEngineering247.com.
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Alibre Design was not only ahead of its time, but it also set a 
new price point of $495 to $995 for an annual subscription. 
In 2009, then CEO Paul Grayson dropped the price even 

further, offering a $99 version for a limited time.
Built on the ACIS modeling kernel and a 2D constraint 

system from Siemens, Alibre helped users to create paramet-

Still Going STRONG: 
         Alibre Design 2019
Alibre LLC ships the second release since reacquiring its 
venerable parametric modeling software.

Alibre Design 2019 features a well-designed interface and easy-to-use tools. As you sketch and add features, each 
appears in the history tree located within the Design Explorer panel on the left. Images courtesy of David Cohn.

BY DAVID COHN

W ITH ITS LAUNCH IN 2000—long before Onshape and others popularized browser-based CAD—Alibre 
Design became the world’s first browser-based distributed 3D CAD program, enabling multiple users to 
work on the same design simultaneously via the internet. The company even received a patent protecting its 
technologies for generating 3D geometries across a high-bandwidth, distributed network. 
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ric solid models driven by intelligent dimensions. Although 
the program has been continuously updated since its launch 
nearly 20 years ago, there were some bumps along the way. 

3D Systems acquired the company in 2011, and Alibre 
Design morphed into a new product called Geomagic De-
sign, part of the 3D Systems product portfolio. But in 2017, a 
group of former Alibre veterans, led by Max Freeman—for-
mer VP of product management and marketing at the old 
Alibre, Inc.— reacquired the code and formed Alibre, LLC 
(see DE, March 2018; digitalengineering247.com/r/20311).

Alibre Design 2018, unveiled last year, marked the first 
release since the company returned to private ownership. 
Earlier this year, Alibre LLC launched Alibre Design 2019.

Easily Understandable Interface
Alibre Design should feel quite familiar to anyone who has 
worked with a parametric 3D modeling program. The soft-
ware initially opens to a Home window. From here, you can 
open existing models or start a new one. You can also explore 
tutorials, training videos and sample exercises as well as an 
online knowledge base and user forums. Other tools let you 
access system options, manage your license and check for 
updates. Once you start working in Alibre Design, you open 
one of the program’s six workspaces.

You can create Parts in the Part workspace. You begin with 
a closed 2D sketch that is turned into a 3D feature by extrud-
ing, lofting, revolving and sweeping. You can then select a 
plane or planar face, sketch another profile and add or remove 
material. Rather than constantly going back to the ribbon as 
you work, you can press the spacebar to access a context-sensi-
tive menu or right-click to display shortcut menus.

When creating features, most tools open dialog boxes 
where you specify parameters and enter values controlling 
the creation of the feature. Sheet metal parts are created the 
same way, except that within the Sheet Metal workspace, 
you use sheet metal-specific features—such as cuts, dimples, 
flanges and tabs—to add or subtract material from the model.

Once you create and save files, you work in the Assembly 
workspace to link parts, sheet metal parts or other assemblies 
into an assembly, using assembly constraints to mate and 
align components. 

In the Bill of Materials (BOM) workspace, you can gener-
ate BOMs that show information about the various files that 
comprise the assembly. As the final step in the design process, 
you move into the 2D Drawing workspace, inserting parts or 
assemblies to create standard orthographic, 3D and engineer-
ing views to which you then add dimensions and notes to 
document your designs. Because the software is parametric, 
any change made to any file within the design is automati-
cally reflected in all the assemblies, BOMs and drawings that 
reference that file.

There is also a Global Parameters workspace, which 
serves as a central repository of variables, equations and 
values that you can use across multiple parts and assemblies. 
This workspace looks similar to the Equation Editor found in 
the Part, Sheet Metal and Assembly workspaces. The primary 
difference is that the Global Parameters can be used between 
files, whereas the Equation Editor is restricted to a single file.

All six workspaces have a well-designed, common look 
and feel. With the exception of the BOM workspace, each 
includes a large work area with a ribbon across the top. 
Ribbon-based tools are organized into clearly labeled panels. 

The latest release includes a new interactive section view tool that lets you create up to three simultaneous 
section planes that can be dragged in real time.
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Tool icons are easy to identify, with identification further 
aided by tooltips that appear whenever you hover the cursor 
over a button. When you activate a tool, prompts appear at 
the bottom of the screen. 

The Part, Sheet Metal and Assembly workspaces also 
have a Design Explorer panel attached on the left. Here, 
you can access axes and planes. As you create features, they 
are added to the feature tree, which also appears in this 
panel. And as you’d expect, you can roll the history back 
to any point and reorder features in the tree. Clicking a 
program icon in the upper left of every workspace lets you 
quickly access common functions like save and open, and 
access system preferences.

What’s New
Alibre Design has long been able to open files created in 
other CAD programs, including AutoCAD, Catia, Inven-
tor, ProE, Rhino and Solid Edge, and can export to ACIS, 
IGES, Parasolid, STEP and STL. 

Alibre Design 2019 features new file translators for 
every file type supported by Alibre. The new release also 
fixes some STEP import bugs. But support for SolidWorks 
export has been removed, although SolidWorks import 
remains available. Support for STEP 242, NX and JT file 
formats has also been added.

Alibre now performs anti-aliasing for 3D and 2D, re-
sulting in more realistic visuals and crisper text. The new 
release also supports ambient occlusion, model shadows, 

Assemblies combine multiple parts and subassemblies, and you can easily create exploded assemblies.

Alibre Reborn

When Alibre Inc. was absorbed into 3D 
Systems back in 2011, the 3D printer 
company changed the software’s name 

to Geomagic Design, and pledged to “expand the 
breadth and reach of the software.”

The solution quickly faded into the background 
in the 3D Systems portfolio, however. When a 
group of former Alibre executives decided to 
relaunch the brand in 2017, they were able to 
acquire the Geomagic IP and set up Alibre LLC.

A pioneer in web-based CAD and low-priced 
licensing, Alibre returned to a CAD landscape that 
was much different than when it left. Companies 
like Onshape have taken up the mantle of brows-
er-based CAD, and other vendors are incorporat-
ing topology optimization features, AM-support 
and tablet support, making price just one of sev-
eral key selection factors.

“We don’t claim we can match Autodesk 
Inventor or SOLIDWORKS feature for feature,” 
CEO Max Freeman wrote in 2017. “But we believe 
there are also machine shops that need to design 
simple stuff. They are underserved. We are a great 
fit for them.”
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ground shadows and ground reflections. There are  new 
silhouette edge and illustration view modes, letting you 
create views suitable for documentation while working in 
the 3D model.

Alibre Design 2019 offers a new type of interactive sec-
tion view. You can create up to three simultaneous section 
planes that you can drag in real time. The new release also 
includes an integrated PDF engine, enabling you to create 
high-quality 2D and 3D PDF files. In addition, line weights 
are now shown in real time in the 2D workspace, so you no 
longer need to do a Print Preview to visualize the results.

Finally, the new release includes a host of bug fixes as 
well as a suite of new options that leverage the power of 
advanced graphics boards, improving performance when 
working with large models.

Licensing Options
Alibre sells two different versions of its software aimed at 
designers, engineers and machinists: Alibre Design Profes-
sional and Alibre Design Expert. 

In 2018, the company also launched a new product—
Alibre Atom3D—focused on consumer and enthusiast end 
users. Although similar to the former Alibre Design Per-
sonal Edition, it does offer a different feature set than had 
been available in that product. With the transition from 3D 
Systems, Alibre also dropped its 3D print analysis feature 
and removed the ability to import, view or use mesh files.

Alibre Design Professional includes all the tools you 
need for modeling solid parts, creating assemblies,  produc-
ing drawings and BOMs. 

Alibre Design Expert then adds global design variables, 
support for surface creation, sheet metal modeling, assembly-
level features, model simplification and design variants, as 
well as includes a copy of KeyShot for creating renderings of 
your 3D models. The ability to import from Inventor, Creo, 
CATIA and Solid Edge, and to export to SolidWorks and 
Parasolid, is also only available in the Expert version.

In an interesting twist, Alibre is no longer a subscription-
based product. With most major CAD vendors having 
moved to a subscription model, Alibre has gone the op-
posite way, selling Alibre Design as a perpetual license. So, 
rather than paying monthly or yearly fees, you can pay once 
and then use it forever, although there is an optional yearly 
maintenance fee.

There are also several licensing options. With a regular 
license, you can put the software on as many computers as 
you want but must release the license from one before you 
can activate the software on another machine. Internet ac-
cess is required to license and unlicense machines. Those 
who switch computers often can pay a one-time fee of $200 
for a regular license mobility upgrade. This automates the 
process of unlicensing one computer and then licensing the 
other but requires consistent internet access.

An offline license is available for those companies or 
individuals that have security requirements that prevent 
internet access. Some license-related information must be 
exchanged with Alibre during initial licensing, but does not 
require a live internet connection. 

Companies with strict security requirements and fluid 
usage requirements can purchase a local network license, 
which provides the flexibility of concurrent licensing with 
the security of offline licensing. You deploy your own li-
cense server. When someone starts the software, a license is 
automatically taken from a pool of available licenses.

You can download a 30-day free trial from the Alibre 
website. The company also offers PDF-based exercise 
guides for basic part and assembly modeling as well as an 
introduction to the Alibre Script interface. There are also a 
number of videos available that demonstrate how to create 
solid and sheet metal parts, create assemblies and generate 
2D drawings and BOMs.

Although not as powerful as Catia, Creo, Inventor, Solid 
Edge or SolidWorks, Alibre Design has a lot going for it, 
particularly its affordability and ease of use. It may be nearly 
20 years old, but it still looks and feels pretty fresh. DE

David Cohn has been using AutoCAD for more than 35 years 
and is the author of over a dozen books on AutoCAD. As senior 
content manager at 4D Technologies, he creates the CADLearning 
courses for AutoCAD and AutoCAD LT (CADLearning.com). 
He is a contributing editor to Digital Engineering, and also does 
consulting and technical writing from his home in Bellingham, 
WA. You can contact him at david@dscohn.com or visit dscohn.com.
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INFO ➜ Alibre: Alibre.com
PRICES

Alibre Design Professional
•  Node Locked License: $1,000; updates $300/year
•  Offline License: $1,200; updates $250/year
•  Concurrent License: $1,250; updates $350/year
•  Local Network License: $1,250; updates $350/year

Alibre Design Expert
•  Node Locked License: $2,000; updates & support $400/year
•  Offline License: $2,200; updates $500/year
•  Concurrent License: $2,600; updates $500/year
•  Local Network License: $2,600; updates $500/year

SYSTEM REQUIREMENTS
•  Operating System: Microso� 10 64-bit, Windows 8 64-bit, 

Windows 7 64-bit
•  Memory: 4GB (8 to 16GB recommended, depending on OS)
•  Graphics Card: must be compatible with DirectX
•  Internet Access: required for activation/deactivation of  

node-locked and concurrent licenses
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At the beginning of the session, I ex-
plained why I preferred to start a discus-
sion on stress by looking at force vectors. 
I was interrupted by a gentleman who 
made it clear he did not understand—or 
even believe—what I was talking about. 
It turns out he had a computational fluid 
dynamics (CFD) background, had never 
dealt with stress and considered it was 

trivial to deal with!
That got me thinking about revisiting 

the topic. I decided to build a few simple 
finite element analysis (FEA) models to 
explain stress in context, and also expand 
on the role of shear stress. Shear stress is 
something that puzzles a lot of engineers 
and took me many years to figure out.

Force is a Simple Vector
Fig. 1 shows the end of a rod that is 
loaded with three separate load cases: Fz, 
axial force in z, Fx shear force in x and Fy 
shear force in y. 

The relationship between the force 
vector and the plane it acts on defines the 
sense of the force. The common loaded 
plane is the XY plane (or in a contracted 
notation, referred to as the Z normal 
plane). I have color-coded the forces with 
the format used in the FEA coordinate 
system symbol seen in the figure.

The forces can be combined to form 
new loadings, and a vector can describe 
the resultant. Fig. 2 shows some examples 
of load combinations. The contributions 
of the axial and two shear forces are very 
easily seen. 

In each case, the resultant force is 
shown as a black arrow. 

The force notation used in Figs. 1 and 
2 is a bit “wooly,” or arbitrary, and there 
is no clear distinction between direct and 
shear forces. You have to rely on the de-
scriptions already noted! 

In previous articles, I described the 
“force cube.”  For our purposes, I have 
modified the diagram in the figure from 
those articles to align with the specific 
loading plane and loading direction 
across the rod section. I have also labeled 
direct forces with blue and shear forces 
with red (not to be confused now with 
the previous colors.)

Seeking Stress Relief!
Stress can be puzzling for engineers; FEA modeling can provide guidance.

BY TONY ABBEY

E arlier this year, I presented a short course on interpreting stresses at 
the NAFEMS World Congress in Quebec. The material was largely 
drawn from my series of articles in DE (March, May and July 2016; 
see links at end of article). 

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

SHEAR PANIC

FIG. 1: Three separate loads applied to end of rod.

FIG. 2: Three combined sets of forces on rod.
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This is formalizing the force notation 
based on the plane the force is acting 
normal to, and the direction of the force. 
This allows us to clearly differentiate 
between direct and shear forces. The first 
force index is the plane normal; the sec-
ond index is the force direction. 

In this case, the axial load in Figs. 1 
and 2 is Fzz, simplified to Fz. The verti-
cal shear force loosely described in Figs. 
1 and 2 as Fx, is more precisely defined 
as Fzx. It is in the plane normal to z and 
is pointing in the x direction. The lateral 
shear force, described as Fy, is properly 
defined now as Fzy. It is in the z normal 
plane, but points in the y direction.

Stress is Not a Simple Vector
As a non-mathematician, I can under-
stand why this heading may leave you 
cold. What does it mean? Why is it im-
portant? This is why I like to use force to 
start the discussion on stress.

If we imagine the forces are now 
internally applied to a very tiny cube 
of material deep inside the rod, we can 
imagine the stress state does not change 
across any of the faces. A “stress cube” 
can be drawn, where each stress is just 
the force/area in the limit. Fig. 3 shows 
the stress cube, which corresponds ex-
actly to the force cube. 

Using this diagram, imagine we have 
an axial stress Sz and a shear stress Szx. 
Both are being applied to the z normal 
face, but I cannot combine them as a 
vector with the simple chain rule I used 
with forces. I have to describe the stress 
state in terms of the component stresses 
Sz and Szx. And therein lies the difficulty 
with stresses; it is difficult to describe, or 
indeed visualize, a combined stress state. 

We have to resort to other methods to 
try to understand the importance of the 
stress in terms of its effect on strength. 
One of the most common methods is 
to use the von Mises equivalent stress. 
This applies weighting to shear terms 
and combines all the stress contribu-
tions. In the case already mentioned, we 
add (Sz)^2 and (3*Szx)^2 and then take 
the square root. The factor of 3 on shear 
stress inside the square root is based on 
von Mises theory and ties up very well 
with the experimental evidence that 
yield strength in shear is less than yield 
strength in tension.

Examples Using FEA
First, let’s apply the axial force Fz to the 
rod. The value is 31,153 lbf. The cross-
sectional area, A, is 3.14 inches ^ 2. The 
stress should be constant across the sec-
tion at 9,921 psi. The FEA result is 9,928 
psi due to small errors in the mesh cross-
sectional area. 

It would seem that there is a simple 
relationship between the axial load and 
the axial stress. However, this is a stress 
state, not a vector, and we can look at it 
in different ways. For example, the com-
monly used Tresca failure theory uses the 
maximum shear stress component from a 
uniaxial tensile test. How can this be? It is 
a tension test! 

In fact, we can look at the small stress 
cube, but use it to develop force compo-
nents, which can be balanced, as they are 
vectors. The procedure is shown in Fig. 4.

Fig. 4(a) describes the stress state, 
looking at the side of the cube. A section 
is cut at an angle theta. A force diagram is 
shown in Fig. 4(b). The forces are related 
to the stresses shown in Fig. 4(c) by the 
cut areas (assuming a unit depth in y).

Fz = Sz*AC
Fz’=Sz’*AB
Fzx’= Szx’*AB
The prime symbol (‘) relates to the new 

coordinate system after rotation by theta.
Using force balances in Fig. 6(b):
Horizontally; Fz’=Fz cos(theta) - 

equation (1)
Vertically; Fzx’=Fz sin(theta) - 

equation (2)
From the geometry AC = AB 

cos(theta)

FIG. 3: The stress cube, 
showing direct stresses (blue) 
and shear stresses (red).

FIG. 4: Axial stress Sz, under axial loading Fz.

FIG. 5: Stress and force cubes used to develop stress components.
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Hence in equation (1);  Sz’*AB = 
Sz*AC cos(theta) =  Sz* AB cos(theta) 
cos(theta) 

Direct stress, Sz’ = Sz* cos^2(theta)
Hence in equation (2);  Szx’*AB = 

Sz*AC sin(theta) =  Sz* AB cos(theta) 
sin(theta)

 Shear stress, Szx’ = Sz* cos(theta) 
sin(theta)

This relationship is shown in Fig. 5.
At zero cut plane angle, all the Sz’ 

stress is axial (being aligned with z direc-
tion). Rotating to 45º gives the maximum 
shear, Szx’. The balancing direct stress 
in the local x’ direction can be calculated 
in the same way, but using a cut plane 
rotated 90º. 

We can check out these results by 
using the model, as shown in Fig. 6.

I created two local coordinate systems 
in the model, rotated at 45º and 60º about 
the y axis. In the post-processor, I trans-
formed the stresses to each local coordi-
nate system in turn. The stresses are con-
stant across the section, with very small 
perturbations due to numerical drift. The 
stresses in Fig. 6 agree with the theory, 
using the graph shown in Fig. 5.

The shear stress is labeled as Sxz’ in 

Fig. 6(b) and 6(c). However, remembering 
the index notation, this should mean it is 
acting in the x (normal) plane shearing in 
the z’ direction. Surely the stress should 
be labeled Szx’ as it is in the z’ plane and 
acts in the x’ direction! Check Fig. 3 for 
the answer; Szx is equal to Sxz. The post-
processor rather lazily just uses one term 
to describe both equivalent shear stresses. 
Though it would take an intensive and 
complicated effort to automate this.

For each of the coordinate system 
transformations used (0º, 45º, 90º), the von 
Mises stress was found to be identical. This 
is because we only have one stress state 
due to the axial loading. This is reduced 
to a single scalar value with the von Mises 
equation. The cut plane—or transforma-
tion angle—just provides a different way of 
looking at the same stress state.

The 45º plane is interesting, because 
it provides the biggest shear component, 
Sxz’. It is numerically equal to half the 
axial tensile stress Sz at a zero cut plane. If 
a material is weaker in shear compared to 
tension by a factor greater than 0.5, then 
a shear failure may occur in a tensile test. 
If the axial load is compressive, then some 
materials exhibit a shear failure on a 45º 

slip plane. In mild steel Lüders lines or 
slip lines can sometimes be seen at 45º in 
a tensile test (see vimeo.com/4586024). 
In general, the material behavior can get 
very complex, but the point is that shear 
components are lurking in the stress state 
under axial loading.

Shear Loading
In the next example, I applied a force of 
31,153 lbf in the x direction at the end of 
the rod. This then acts like a cantilever 
beam with a constant shear force and a 
linearly increasing bending moment. The 
stress state at a position along the rod is 
shown in Fig. 7. 

The direct stress Sz, which is due to 
bending, is shown in Fig. 7(a). As ex-
pected, we have maximum at the top, ten-
sion surface and minimum at the bottom 
compression surface. The values are equal 
and opposite with a small numerical drift.

The shear distribution through the 
depth of a solid section is parabolic. The 
shears at the extreme top and bottom 
surfaces must be zero, and build to a 
maximum at the neutral axis. Basic shear 
theory calculates the maximum shear 
stress to be 4/3 of the nominal shear 
stress for a circular cross-section. The 
nominal value is 31,153/3.14 = 9,921 psi. 
The theoretical maximum is 13,228 psi. 
The FEA maximum value is higher at 
13,983 psi. 

What’s interesting is that the basic 
theory assumes that shear variation is 
only a function of depth. This would 
imply non-zero tangential shears build-
ing up at the periphery of the rod, below 
the top and bottom positions. The plot in 
Fig. 7(b) is not in fact a function of depth 
alone. Popov 1 suggests that the manual 
calculation gives the correct vertical com-
ponent of shear stress, but that there is 
another horizontal component missing. 
Fig. 7(c) shows the missing component 
Syz, which balances the shear state to 
give zero “out of surface” shear at the 
free edges. The maximum shear stress is 
assumed to be within 5% of the simple 
theory, which seems to be the case here.

Fig. 8 shows a further attempt to de-
scribe the shear state, using a cylindrical 
coordinate system to look at radial and 
hoop components.

In Fig. 8(a) the radial stresses are zero 
at the outside wall—and this is the im-

FIG. 6: Local axial stress Sz’ and shear stress Sxz’ for cut plane 
angles 45º and 60º.

FIG. 7: Stress state at station along rod (a) direct stress Sz, (b) 
shear stress Sxz, (c) shear stress Syz.

DE_1119_Shear_Panic_Abbey.indd   42 10/18/19   1:49 PM



DigitalEngineering247.com /// November 2019          DE | Technology for Optimal Engineering Design  43

provement over the manual calculation. 
Fig. 8(b) shows the shear flow around 
the outside wall, being a maximum at 
the neutral axis and decaying to zero at 
the top and bottom. The shear stress 
sign change is due to left and right edges 
acting positive upwards, that is, anticlock-
wise, then clockwise.

Unfortunately, using von Mises stress 
will not help give a picture of the shear 
stress contributions. Remember Fig. 7(a)? 
This shows that the axial stress Sz domi-
nates. This will be included in the von 
Mises calculation and obscure the shear 
stress terms. It may be that a macro could 
be written to exclude the direct stress 
in producing a “shear only” pseudo von 
Mises stress.

Torsional Stresses
 A torsional load of 100,000 lbf in. was 
applied at the end of the bar. From basic 
calculations, the torsional constant, J, is 
given by: 

J = pi*D^4/32, where D is the diameter. 
The torsional constant with D of 

2.0 inches is 1.571 in^4. The maximum 
distance from the center of rotation, c is 
D/2. The peak shear stress due to torsion 
is given by:

S,shear,max = TJ/c
The maximum shear stress is 63,662 

psi. The FEA results are shown in Fig. 9. 
Fig. 9(a) shows the shear stress in the 

hoop direction, using the basic cylindrical 
coordinate system. This is the most logi-
cal way to plot torsional shear as it flows 
in this sense. The maximum value from 
FEA is 64,319 psi, compared to 63,662 
psi in the manual calculation. The error 
is probably a combination of errors in 
effective diameter due to meshing of the 
circular cross-section and numerical drift 
in the FEA method. The stress distribu-
tion is also distorted away from purely 
concentric rings of constant stress at the 
center of the section.

Figs. 9(b) and 9(c) show the compo-
nent shear stresses in the basic cartesian 
coordinate system. This is a similar issue 
to that found previously: shear stress 
components have to be combined to 
achieve meaningful results. In this case 
the shear stresses in the cylindrical hoop 
direction, Szy’ completely define the 
stress state as shown in Fig. 9(a). The ra-
dial component, Szx’ is zero.

A further interesting reflection on 
manual calculation methods is that it 
is extremely difficult to predict shear 
stresses under combined loadings, par-
ticularly with arbitrary cross-sections. 
This is where FEA can give a full distri-
bution—we just have to figure out how to 
visualize it!

Conclusion
Stress is a difficult quantity to describe 
and interpret. Considering contributing 
force vectors in parallel may help visual-
ize stress states. Using simple FEA mod-
els of configurations that have known 
classical solutions can be a big help. 

However, even then analysts need care 
to interpret the stress components, par-
ticularly in shear. We also have the issue 
that some problems such as shear stress in 
a circular section due to shear loading are 
simplified in classical solutions.

I suggest trying a few other sections 
using this approach—perhaps an I-beam 

or thick box girder will show similar in-
teresting results! DE
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FIG. 8: Shear distribution in cylindrical coordinates: (a) radial 
direction, (b) hoop direction.

FIG. 9: Shear stresses due to torsion: (a) shear stress Szy’ in hoop 
direction, (b) component shear stress Szx, (c) component shear 
stress Szy.
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He spoke to Digital Engineering about the changes that 
are happening at MFG, as well as his thoughts on the 
present state and future of the additive manufacturing 
market.

Digital Engineering: Can you tell us about the impetus 
behind the recent changes at MFG, and how the updated 
platform is benefiting end users?

Ron Hollis: I put the investor team together and 
bought the assets of MFG. We’re a 19-year-old startup. 
What I’ve always believed is that there’s a lot of great 
manufacturers in the market, but these guys are usually 
very bad at marketing themselves and being discovered. 
We want to make that connection more efficient so that 
they can be discovered by quality customers and grow 
their business. The marketplace is the most efficient way 
for buyers and suppliers to build a relationship. Once 
they discover each other, we can help them build profit-
able relationships by making communications between 
them better.

We standardized the request for quote (RFQ) process 
and have built tools so that manufacturers can standard-
ize their responses with online quotes. That eliminates 
friction in the process, and both parties can focus on 
their core competencies. The engineering buyers are fo-
cused on engineering, and the manufacturers should be 
focused on manufacturing.

DE: How have you changed the technology platform to 
make that possible?

Hollis: MFG spent $70 million building a supply chain 
management ecosystem that didn’t work. We’ve thrown 

all that away and started over. We’ve built what we believe 
is a 21st century platform for the marketplace that will 
help manufacturers be discovered by buyers and help them 
build relationships. It is highly effective and intelligent. 

We have smart routing of the RFQ and made it much 
easier for buyers to submit their RFQs.  The old system 
was overwhelming and clunky. Now we are leveraging 
modern-day tools for communication between the buyer 
and manufacturer. We have added rating systems, so buy-
ers and suppliers can rate each other. That helps them 

Additive Manufacturing: 
Finding the Solutions that Matter
3D printing pioneer and MFG CEO Dr. Ronald L. Hollis talks about 
the future of additive manufacturing.

CEO Ron Hollis is revamping the MFG manufacturing 
marketplace. Image courtesy of MFG.

BY BRIAN ALBRIGHT

IN JUNE 2019, long-time additive manufacturing industry vet Ron Hollis took over as president and CEO of MFG and 
set about rebuilding the manufacturing marketplace. To DE readers, he may be best known as the founder of custom 
parts services company Quickparts.com in 1999. He led the firm through a period of rapid growth until 3D Systems 
acquired it in 2011. 
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make qualified decisions about who they can partner with, 
and we are building micro marketplaces to help specialty 
or niche manufacturers (those that have special capabili-
ties) be discovered by buyers that need that specialty.

DE: You’ve been involved with 3D printing and additive 
manufacturing for a long time. What have been the big-
gest changes you’ve seen in how this technology is being 
used for rapid prototyping and contract manufacturing?

Hollis: Here’s what is good: When 3D Systems and 
Quickparts combined, that was the waterfall moment for 
the industry. That was the point where the industry made 
it on the radar of the money folks. The public markets 
started to be more aware of the power of 3D printing and 
large amounts of money came into the industry. Now, here 
are well-funded companies coming in at the later stages 
that should be able to shift the industry by adapting the 
technology to solutions that matter.

That’s one thing the industry is doing wrong. They 
don’t realize what those solutions are. 

DE: What are those “solutions that matter”?
Hollis: This isn’t sexy, but it’s niche applications. 3D 

and additive [manufacturing] were made to prototype, so 
it’s a natural fit for low-volume production of parts. Low-
volume, of course, is a subjective measure. My philosophy 
is that this is a powerful technology if you apply it in the 
spaces or niches that are in that low-volume space.

When you want to have design flexibility, freeform ca-
pabilities and agile product development, those are areas 
where you start to say, “I want to build technology and 
machines and material that are applicable to that niche.” 
That is opposed to building a 3D metal printer and saying 
it will replace computer numerically controlled (CNC) 
machining. That’s where I think these companies lose 
some of their context and start spinning their wheels.

DE: What challenges do you see affecting AM/3D 
printing adoption, both in the prototyping and production 
part segments? What mistakes is the industry making?

Hollis: Newer companies like Carbon are marketing 
themselves as a solution for all things. But that story even-
tually runs out—the spreadsheet eventually doesn’t match 
the reality. We saw that with 3D Systems and the con-
sumer space. They could never get the revenue to match 
the spreadsheet. That becomes a negative. You can prevent 
this if you take the investment money and apply it to a 
bunch of relevant niches.

DE: Are design approaches and capabilities catching up 
with manufacturing/prototyping options? Are engineers 
taking advantage of the evolving options they now have 
(both old and new, and emerging) to influence the design 
process from the beginning? How is that changing?

Hollis: Traditionally, CAD and engineering were al-
ways ahead of the technology, and manufacturing always 
had to catch up. When CAD solid modeling came about, 

manufacturing had to catch up with design. It was trans-
formative in that manufacturing had to say, “Well, great, 
I’m glad you designed these high-tech fancy parts, but we 
can’t make them.”

In the 1990s, in the rapid prototyping industry, we all 
wanted to be manufacturers. We would evangelize that we 
were going to replace injection molding and CNC with 
3D printing. It turns out that CNC wasn’t ready to die.  
Instead, it innovated to catch up with the design space. 
They’ve both pushed each other in that sense.

In terms of leveraging CAD design for additive manu-
facturing, which is evolving, generative design is the 
future for a lot of parts. It uses engineering, physics and 
science together to determine the optimal design for this 
part. Additive allows those optimized parts to be manu-
factured. I don’t have to worry about design-for-manu-
facturing constraints.

DE: How do you see the use of 3D printing/additive 
manufacturing developing within the context of the MFG 
universe? Can this type of platform help people determine 
which technology is best for their particular part?

Hollis: Our primary universe is traditional manufactur-
ing. As we evolve the power of the micro-marketplaces, 
it will be smart enough to allow efficiency in connecting 
the people who can provide those types of technologies to 
people who need to buy parts using that technology. Right 
now, they don’t know how to find each other. 

For smaller development companies, they may need to 
work with a partner that can provide more consultative 
support and help them go through this process. They need 
to learn the manufacturing approach to get the part made. 
That is important. Not all CNC parts are equal. My CNC 
parts have different criteria if I’m making them for Boeing 
versus a door bracket for John the Inventor. The require-
ments are totally different. 

That’s where smart routing comes in. If I’m Boeing and 
putting in an aerospace part in this system, it doesn’t need 
to go to every CNC shop on the planet. Most of them can’t 
do it. That’s where we help buyers find the right CNC shop 
for their part.  If I’m Boeing, I don’t want to work with a 
two-man CNC shop. I need a certified company with the 
right experts to be successful in the long term. That’s a 
problem today. That’s what smart routing does—it gets the 
RFQ to the right manufacturing partner. DE

Brian Albright is editorial director of Digital Engineering based 
in Cleveland, OH. Send e-mail about this article to de-editors@
digitaleng.news.

INFO ➜ MFG: mfg.com

For more information on this topic, visit DigitalEngineering247.com.
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PICKS

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

Two specifics make the GoBOXX SLM 
a head-turning notebook workstation 
from BOXX. First is the Quadro RTX 
GPU. This ray tracing GPU transforms 
the time-consuming process of creating 
realistic visualizations, and it provides 
new technology for deep learning.

The second specific is what BOXX 
has done with the RTX Studio specifica-
tion. There is a lot of power residing in 
a slim package. GoBOXX SLM is only 
0.69-in. thick and weighs less than 5 lbs. 
MORE ➜digitalengineering247.
com/r/23091

Notebook Delivers Fast Ray Tracing, AI Development
Workstation transforms the process of creating realistic visualizations.

Conduct CFD Simulations More Efficiently
Nextflow Studio workflow: pre-processing to computation and post-processing.

Nextflow Software specializes in SPH 
methods—smoothed-particle hydrody-
namics. Originally developed for astro-
physics problems, Nextflow is making 
SPH accessible to product design. 

Nextflow Studio has a modern, intui-
tive graphical user interface that simpli-

fies preparing models as well as various 
geometry optimization tools and meshing 
tools to reduce the time it takes to pre-
pare a simulation.  It brings an advanced 
set of CFD algorithms to product design. 
MORE ➜digitalengineering247.
com/r/23063

Fast Printing of Large Parts with Material Options
BigRep STUDIO G2 3D printer made for abrasive and engineering-grade materials.

With a fast-heating print bed and tem-
perature-controlled filament chamber, 
this high-resolution large-print work-
horse from BigRep produces great results 
with high-quality materials.

The enclosed print envelope main-
tains a controlled temperature and boasts 

a print volume a meter wide. New dual 
ruby print nozzles have 0.6-mm extruder 
hot ends, designed for abrasive materials. 
The quality of this new extrusion system 
allows more engineering-grade filaments.
MORE ➜ digitalengineering247.
com/r/23033

Secure 3D Visualization for the Extended Enterprise
Vertex platform made for secure 3D product data collaboration.

Vertex is a new software platform from 
Vertex Software for sharing 3D prod-
uct data throughout the company and 
beyond, as necessary. Vertex sees plenty 
of ways to improve industrial and engi-
neering collaboration.

Its four pillars of collaboration are 

to simplify data sharing in a secure 
environment; connect cross-functional 
teams; increase the quality of early 
decisions; and improve the ability to 
respond to shifting requirements. 
MORE ➜digitalengineering247.
com/r/23016
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Student Design Competition Profile: The FirePoint C3 Challenge

Next-Gen Engineers

Stephen Cyrus is the manager of 
Technology Collaborations for FirePoint. 
FirePoint helps advise students and man-
age the center’s C3 competition.

Digital Engineering: Can you pro-
vide an overview of your competition? 

Stephen Cyrus: FirePoint and 
CCDC Aviation and Missile Center be-
lieve that the future of manufacturing will 
not look the same as it does today. This 
competition looks to expose the bright 
minds of tomorrow, leveraging their ideas 
early in their careers.

Teams submit a concept proposal 
in a specific unmanned aerial vehicle 
(UAV) subsystem. The top three teams 
are chosen to converge their subsystem 
prototypes. Teams collaborate with each 
other to finalize development with the 
help of the Army and industry. Teams 
work and network with executives at 
partner companies. They then showcase 
the final product to the U.S. Department 
of Defense.

DE: Can you provide some examples 
of what you expect the event to produce?

Cyrus: Some innovations that we 
expect seeing include, hybrid energy pro-
pulsion systems, embedded electronics, 
Internet of Things implementation and 
energy harvesting techniques. 

DE: Does your organization have a 
particular stance on adopting an innova-

tion that is linked to the program? 
Cyrus: The final teams  work directly 

with the U.S. Army and industry partners 
to assist in development. The Army is 
looking forward to and prepared to adopt 
UAV technology from this competition. 

The partner organizations will be 
introduced to some of the top engineer-
ing minds about to enter the workforce, 
giving them an opportunity to onboard 
students after graduation. 

DE: Is there anything else you’d like 
to tell us about the event?

Cyrus: After the first down selections, 
teams will each receive up to $10K in 
funding to produce a proof of concept. 
After the second down selections, teams 
each receive an additional round of up to 
$25K in funding for a total of $35K. 

We believe that the C3 Challenge will 
take concepts out of the lab and combine 
them to create superior technology. It not 
only brings university teams together to 
collaborate, but provides the opportunity 

to work with the  U.S. Army and create 
a future with some of the world’s most 
advanced companies. DE

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

BY JIM ROMEO

F IREPOINT INNOVATIONS
is a Center of Wichita State 
University that is also a 
partnership intermediary for 

the U.S. Army’s Combat Capabilities 
and Development Command (CCDC) 
Aviation and Missile Center. 

MORE ➜ www.firepoint-c3.com

The final teams in the competition work directly with the U.S. 
Army and industry partners to assist in UAV development.
Image courtesy of FirePoint.
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Why Digital Transformations Fail

The first question an enterprise should ask is: “Are we resil-
ient?” This year, companies will spend $1.3 trillion on digital 
transformation initiatives. Regrettably, more than 70% will fail. 
The root cause of these failures is a lack of resiliency in software 
applications, lack of organization and an inability to adapt.

 But, the major reason why digital transformation efforts fail 
is that critical data is locked in out-of-the-box (OOTB) software 
applications built on rigid technology stacks and fixed schemas. 

A typical smart, connected industrial product is made of a 
complex transdisciplinary system and subsystems that use many 
different OOTB software applications. Today’s products will 
include thousands of components, each consisting of about 150 
to 250 attributes (that is, part number, description, revision, cost, 
weight or quantity) that must move across the product lifecycle 
and traverse one legacy application after another, including a 
dynamic supply chain. 

Each of these software applications was designed to run 
OOTB. But to meet the businesses needs, they are almost al-
ways customized to improve productivity, time to market and 
other operational benefits. However, once customized on the 
wrong architecture, the unintended consequence is “instant 
legacy”—an inability to cost effectively upgrade that application.

The alternative is to suboptimize your processes to fit an 
OOTB tool. Although this will lower your sustaining costs for 
an individual application, it fails to consider that a division of a 
large company can use 500 or more applications, thus creating 
inefficiencies across your product’s lifecycle. More importantly, 
it constrains your company’s ability to continuously improve.  

In the end, you are either left with customized OOTB appli-
cations or suboptimal processes, unable to adapt to the existen-
tial threats or opportunities that every enterprise will face. 

Instead, these applications accumulate increasing amounts 
of technical debt—legacy systems stuck in the past amassing the 
bulk of your IT budget, leaving you with an inflexible IT land-
scape, reducing your ability to adapt to meet tomorrow’s chal-
lenges and making it almost impossible to digitally transform.

Resiliency Enables Digital Transformation
Steve Jobs once said, “innovation distinguishes between a leader 
and a follower.” You cannot spend your time and money striving 
to meet your future customers’ unmet needs if legacy applica-
tions and antiquated processes consume your IT budgets.

Companies that want to sustainably digitally trans-
form cannot continue gluing together OOTB software.  
They must  make buying decisions based on resiliency. 
Is the application open? Can it be customized? Can it be 
seamlessly upgraded? 

Enterprises are vertically structured, which further exac-
erbates the issues associated with a rigid IT landscape. The 
productivity gains from vertical organization are easily off-
set by a company that self-imposes barriers to moving data 
across functional silos. The result is conflicting priorities and 
poor communication and collaboration. 

To digitally transform, a company needs to view their orga-
nization by ecosystem. As an example, there is one operational 
ecosystem that cuts across many functions. Everyone involved 
needs to operate as one team with the ability to easily collabo-
rate and act on the correct data at the right time. Transforma-
tions do not occur in vertical silos, but across them.

Organizations that succeed at digital transformation 
don’t use OOTB, proprietary applications primarily de-
signed for one vertical function, and instead focus on plat-
forms that can drive business results from concept through 
end of life across functions such as engineering, manufac-
turing and service. To digitally transform, your strategy and 
organization must be resilient. 

The capacity to adapt is the most important skill a com-
pany needs to learn because change is accelerating and no 
one can predict the future. But, you can be ready for it. Adopt 
resilient thinking when it comes to your IT landscape, work 
as a team driving transformation horizontally across your 
ecosystem and value resiliency in every person, and every-
thing you do. DE

Mark Reisig is the director of product marketing at Aras. Prior 
to joining Aras, he was a senior director at General Electric, where 
he spent 12 years in leadership positions designing and delivering 
global PLM, Digital Plant Design and Digital Transformation 
initiatives across several divisions.

THE RESILIENT THINKER realizes that the need 
for change will never relent, so the only way to manage 
the future is to design for it. This way the business can 
always adapt to the best solutions available, not to the 

ones that are the most convenient to implement.

DE_1119_Commentary_Aras_Reisig.indd   48 10/17/19   5:23 PM



1 9
Virtual Conference

October 8, 2019

Digital Engineering and NAFEMS Americas teamed up to present 
CAASE19, a Virtual Conference on Advancing Analysis & Simulation 

in Engineering that is now available on demand!

TRACK 1: Simulation-Driven Design
TRACK 2: Simulation Governance & Democratization
TRACK 3: Manufacturing Processes & Additive Manufacturing
TRACK 4: Addressing Business Strategies & Challenges

Go to: digitalengineering247.com/caase19 to view the 
presentations from Jet Propulsion Lab, Ford Motor Co., 

Embraer, Procter & Gamble, Ryobi Die Casting and others.

Available ON DEMAND!

Co-Hosted by:

Platinum Sponsors:

Gold Sponsors:

CAASE19_ON_DEMAND.indd   1 10/15/19   11:08 AM



A global leader in electronics rose to the top of the audio 
industry by adding multiphysics simulation to their design 
workflow. COMSOL Multiphysics® enables audio engineers 
to couple acoustics analyses and other physical phenomena 
to address design challenges inherent to loudspeaker and 
soundbar designs.

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

Simulation + testing = 
optimized loudspeaker designs

comsol.blog/loudspeaker-design

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