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About
The LSTC_FCA Tire models, jointly developed 
with FCA, is based on a series of material, 
verifi cation and component level tests. 

The fi nite element mesh was developed based 
on 2D CAD data of the Tire section.

Difference Tire sizes were developed using 
geometrical resizing of the reference Tire 
(highlighted in blue in the image at the bottom)

Air-loss is modeled using a combination of 
SENSORS and porosity and venting

Tire Model Features
•  240,000 elements hexahedron solid elements 

element formulation -2

•  Infl ation is based on *AIRBAG_HYBRID 

•  Defl ation is based on *SENSOR to 
triggering leakage 

•  Plug-and-Play with no additional contacts 
when using in vehicle

•  Elastomers are modeled using 
*MAT_SIMPLIFIED_RUBBER with 
rate-dependency 

•  Plies are modeled using 
*MAT_ORTHOTROPIC_ELASTIC

•  Mounting on the wheel is modeled using 
*LOAD_THERMAL_VARIABLE

Tire models are available free of charge to current LS-DYNA licensees.                       
Visit www.lstc.com or email atds@lstc.com for more information.

LSTC_FCA Tire Finite Element Models for
 Crashworthiness Applications in LS-DYNA®
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Materials selection has also become more complex, and 
is significantly affecting a number of other design trends 
that we follow closely here at Digital Engineering. The use 
of more composite materials, the emergence of generative 
design approaches, new simulation tools and the adoption 
of various types of additive manufacturing (AM) solutions 
are playing a role in both increasing this complexity and 
helping engineers overcome those challenges.

AM applications in particular present some unique 
challenges when it comes to materials performance 
and simulation. There are new materials emerging for 
use with different 3D printers, and in many cases these 
materials either lack sufficient performance data to feed 
into simulation engines, or the data may be proprietary. In 
addition, even traditional materials don’t perform in quite 
the same way when utilized in AM processes that alter their 
properties during production. Further complicating matters 
is the fact that different AM machines and processes may 
produce varying results with the same materials. In some 
cases, build quality can vary among identical machines, or 
even vary from job to job on the same machine. 

Simulation tools are emerging to help engineers sort 
through this new set of design challenges. In this issue, 
our senior editor Kenneth Wong takes a deep dive into 
composite design and simulation. We also take a look at the 
use of new designer materials for 3D printing applications, 
and how tools are emerging that allow designers to 
model these materials at a variety of levels. There’s also 
an update on additional new AM materials, and how 
simulation software providers are coping with some of the 
inherent inconsistencies that come along with additive 
manufacturing processes.

We’re also featuring coverage of two projects that 

leverage many of those approaches and technologies. NASA 
and MIT are leveraging new “metamaterials” to create wing 
designs that can dynamically adjust to improve performance 
during flight, and Volkswagen has implemented generative 
design approaches for some elements of its new VW Type 20 
concept minivan. 

Introducing the CAASE19 Virtual Conference
On Oct. 8, Digital Engineering and NAFEMS Americas are 
jointly launching our first virtual Conference on Advancing 
Analysis & Simulation in Engineering (CAASE19). In 2018, 
DE and NAFEMS partnered on the first highly successful 
CAASE event in Cleveland. This virtual event will help 
continue our efforts to educate the market in the latest 
simulation and analysis trends while we prepare for the next 
in-person event in Indianapolis next summer.

We here at DE are excited about the keynote 
presentation from Elyse Fosse of NASA’s Jet Propulsion 
Laboratory, who will discuss the complexities of managing 
data related to the Mars 2020 project using model-based 
systems engineering techniques. Ford will also be on hand 
to discuss the role of simulation and gaming technology 
in development of its autonomous vehicles, while aviation 
company Embraer will cover the use of simulation process 
and data management in its operations. Procter & Gamble 
will also lead a session that discusses how to expand the use 
of simulation activities across an organization.

There will also be a session (led by Ryobi Die Casting’s 
Joshua Huang) on the topic of “Additive Manufacturing 
and/for Die Casting Manufacturing.” The session will 
examine the potential for AM technology to supplant 
traditional die casting in some applications, and where the 
technology could augment or improve existing processes to 
boost casting quality and productivity, while reducing costs.

You can learn more about it by reading our conference 
preview on page 8, or by visiting DigitalEngineering247.
com/virtual. DE

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

Material Concerns in a Complex Design World

ANUMBER OF TRENDS are increasing the 
complexity of design: lightweighting requirements, 
compliance mandates, the proliferation of new 
wireless technologies, the adoption of Internet of 

Things (IoT) strategies, the use of 3D printing for 
production parts and many, many others.
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Virtual Conference

October 8, 2019

Digital Engineering and NAFEMS Americas are
teaming up to present CAASE19, a one-day Virtual Conference

on Advancing Analysis & Simulation in Engineering

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/joincaase19 to view the 
presentations from Jet Propulsion Lab, Ford Motor Co., 

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

Register today for this great day of learning!

Co-Hosted by:

Platinum Sponsors:

Gold Sponsor:
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| MATERIALS MARKETS

According the annual Wohlers Report 2019, companies with both metal and polymer AM services reported 
that the majority of an additively manufactured part’s cost comes from the printing process itself. More 
than 26% of the cost is from post-processing (including powder removal, thermal stress relief, support 
material removal, surface treatment and finishing, and inspection). 

— Source: Wohlers Report 2019

The Cost of an Additive Manufactured Part

Global Supply of Plastics has Grown Exponentially
According to IDTechEx. plastics production grew exponentially from 1.5 million tons in 1950 to more than 320 
million tons in 2015. According to Plastics Europe, that growth accelerated to 335 million tons in 2016.

— IDTechEx, “Biobased Polymers 2018-2023: A Technology and Market Perspective,” September 2019.

 Source: Wohlers Report 2019
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•  Capitalize on 
Digital Disruption

• Computing
•  Immersive Design
• Simulation
•  Ever-Growing 

Repository

A 
RESOURCE

FOR DESIGN 
ENGINEERS

To Learn More 
Go To:

www.APDRC.com

2.7 
Million 
Tons

Potential Market Size for 
Biobased Polymers in 2023
With the production of biobased polypropylene,  
IDTechEx projects that the market size for  
biobased polymers will be 2.7 million tons by 2023.  
Biobased polyolefins look set to benefit from a CAGR three  
to four times as large as their petrochemical equivalents.

According to IDTechEx, biobased polymers are gaining  
increased prominence in the minds of consumers, as increased  
awareness of climate change and plastic pollution continues  
to grow. However, the range of biobased alternatives to traditional plastics 
limits their potential adoption. To accelerate the switch from petrochemical 
to biobased plastics will require a larger diversity of materials, including 
commodity polyolefins such as polypropylene and polyethylene. 

— IDTechEx, “Biobased Polymers 2018-2023:  
A Technology and Market Perspective”, August 2019

$1.63 Billion
Reports and Data predicts that the high-temperature 
composite resin market will reach $1.63 billion by 
2026, experiencing a CAGR of 8.9%.

— Reports and Data, “High Temperature Composite Resin 
Market,” September 2019

$3.8 Billion
The value of the ceramics additive manufacturing market. 
— SmartTech Analysis, “Ceramics AM: Total Market Forecast by Segment: 2017-2028,” 

September 2019

$2.1 Billion
Value of the 3D printing  
filaments market by 2024
According to P&S Intelligence, the 3D printing filaments market will 
experience a CAGR of 25.4%, reaching $2.1 billion by 2024. 

—  P&S Intelligence, “3D Printing Filaments Market Research,” September 2019.
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//////////////////////////////////////////////////////////////////////////////////////////////////////////

8  DE | Technology for Optimal Engineering Design         October 2019 /// DigitalEngineering247.com

Engineering Conference News

ROAD TRIP

That’s why DE and NAFEMS 
Americas have launched CAASE19, 
a one-day virtual conference to 
take place on October 8, 2019. The 
entire conference will be available 
live and online beginning at 1 
p.m. ET, and will include sessions 
conducted by representatives from 
the Jet Propulsion Laboratory (JPL), 
Embraer, Procter & Gamble and Ford 
Motor Co.

CAASE19 provides attendees a 
glimpse of the simulation-driven 
future in a series of web presentations 
from leading experts and end users. 
Without even leaving their office 
chairs, attendees will learn about the 
latest trends in engineering analysis 
and simulation, how industry leaders 
are using simulation, what lessons 
they’ve learned along the way and 
how the industry can democratize 
simulation to increase adoption.

We’ve designed the conference to be 
equally appealing to simulation novices 
as well as more experienced engineers, 
with a focus on business benefits and 
challenges that can help users better 
evaluate the potential ROI as they 
consider how to more extensively 
deploy simulation into their design and 
development processes.

Real-World Examples
The keynote and the sessions will 
simultaneously launch, and we have 
organized the content along four tracks: 
Simulation-Driven Design, Simulation 
Governance & Democratization, 
Manufacturing Processes & Additive 
Manufacturing, and Addressing 
Business Strategies & Challenges.

Sessions include:
Keynote: From SysML to Mars: Mars 
2020’s MBSE Infusion

Mars 2020, NASA’s next Mars 
Rover project, inherited a majority 
of Mars Science Laboratory (MSL)’s 
flight hardware and software. It 

also inherited the technical baseline 
described in disparate presentations, 
spreadsheets, document repositories, 
emails and intelligent minds that have 
long left the project. 

To handle the complexities of 
managing all of this data and expertise, 
the team has employed model-based 
systems engineering (MBSE). The 
CAASE19 session will cover how the 
MBSE processes help keep the project 
on track, and how this approach is 
aligned with JPL’s vision. Additionally, 
the session provides information on 
the advantages and challenges of 
integrating disparate systems and data 
on this type of complex project.

LAST YEAR, Digital Engineering partnered with NAFEMS, the international association for the engineering 
modeling, analysis and simulation community, to present the Conference on Advancing Analysis & Simulation 
in Engineering (CAASE). Although our next in-person conference is set for next June in Indianapolis 
nafems.org/events/nafems/2020/caase20), we know that the continued expansion of simulation and analysis ac-

tivities across the design process isn’t slowing down.

1 9
Virtual Conference

October 8, 2019

DE, NAFEMS Launch 
CAASE19 Virtual Conference
BRIAN ALBRIGHT AND KENNETH WONG

Co-Hosted by:

DE_1019_Road_Trip.indd   8 9/11/19   3:32 PM
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Presenter Elyse Fosse is a software 
systems engineer at JPL, California 
Institute of Technology, in Pasadena, 
CA. She was an early adopter of MBSE, 
and has worked on the Mars 2020 
Mission since 2014.  She splits her time 
on Mars 2020, infusing MBSE into the 
Flight System and Operations System as 
well as leading the design of autonomous 
scheduling behaviors. Prior to her 
work on the Mars 2020 project, she 
contributed to building the modeling 
infrastructure in use at JPL today.  

The aDRIVE Simulation 
Framework: Automated Driving 
Refined in Virtual Environments

Autonomous vehicles have been a 
hot topic in the automotive sector for 
some time, and real-world testing of 
these cars has steadily increased, even 
as more semi-autonomous functionality 
is introduced into vehicles already on 
the road today and it’s clear simulation 
is necessary.  In addition to real-world 
testing, engineers must thoroughly 
validate vehicle features at higher levels 
of autonomy. 

This session will explain how leading 
automaker Ford prototyped a flexible 
simulation workflow using open-source 
gaming engine technology, and how this 
work complements existing modeling 
workflows within Ford. Attendees will 
also learn how this system is training 
and testing next-generation algorithms 
that will play an important role in future 
autonomous vehicles.

Presenter Ashley Micks is a technical 
specialist within Ford’s Autonomous 
Vehicles LLC, which focuses on the use 
of simulation for the development and 
testing of autonomous vehicles. She has 
a Ph.D. in Aerospace Engineering from 
Stanford University, and worked in the 
aerospace simulation and design sector 
before coming to automotive.

Applications of SPDM in Aircraft 
Structural Analysis at Embraer

For finite element analysis of a 

structure such as an aircraft, models 
need to be decomposed so each team can 
concentrate on its specialized domain—
the fuselage, wings or control surfaces—
with the appropriate level of details. 
Simulation processes used to analyze 
these design changes are composed of 
chained applications that generate a 
large amount of digital information. It’s 
not feasible to manually keep track of 
the connections among all the digital 
artifacts generated. 

However, engineers can effectively 
manage the cascading changes and 
the dependencies using a simulation 
process and data management (SPDM) 
approach. In this session, Brazilian 
aerospace conglomerate Embraer (the 
third largest civil aircraft manufacturer 
in the world) will show the strategies 
employed at the company to increase 
simulation throughput, improve data 
traceability and to standardize and 
automate its simulation processes.

The session will be led by Rodrigo 
Britto Maria, senior engineer, Digital 
Engineering Systems and Technology 
Development at Embraer. He holds 
degrees in Mechanical Engineering, as 
well as an MBA from Fundação Getúlio 
Vargas, and an M.Sc. from INPE, the 
Brazilian Space Research Institute. 

Maria first joined Embraer’s Loads 
Engineering team, working on dynamic 
landing and taxiing simulations. He 
was part of the development of the 
successful Embraer E-Jets aircraft 
family. In 2005, Maria joined the 
Digital Engineering Systems and 
Technology Development team, 
concentrating on the new CAE, PLM 
and SPDM solutions at Embraer.

Is Innovation Diffusion Possible 
for Engineers? 
The use of modeling and simulation 
in many industries and organizations 
is not widespread, and is often limited 
to a small number of highly capable 

and motivated individuals.  It has 
not become mainstream outside of 
automotive, aerospace and a few other 
industries. This is a classic case of an 
innovation being embraced by early 
adopters, but not by the so-called “early 
majority” and “late majority”—the vast 
majority of the potential users.  

The democratization of simulation 
requires that these solutions can be 
accessible to a much wider population 
of non-experts. This session will cover 
how to deploy the classic “Diffusion 
of Innovation” approach—grounded 
in social science research—to 
enable more people to participate in 
simulation activities.

Presenter Mark A. Meili is director 
of Modeling and Simulation for 
The Procter & Gamble Company, 
the retail and consumer products 
giant based in Cincinnati, OH. He 
has held a variety of technical and 
management positions in R&D and 
Product Supply Engineering. His 
current role spans both organizations 
and technical work processes from 
research to commercialization to 
supply chain operation. 

Meili is both a practitioner 
and champion of first principles 
understanding to reduce risk and enable 
robust technical decision throughout 
his 32-year professional career. He 
received bachelor of science degrees 
from Kansas State University, one in 
Mechanical Engineering and one in 
Grain Science.

The keynote presentation begins at 1 
p.m. ET, followed by the simultaneous 
broadcast of the four sessions tracks 
at 2:30 p.m. ET. All sessions will be 
moderated by Digital Engineering Senior 
Editor Kenneth Wong.

For more information and to 
register, visit digitalengineering247.
com/joincaase19.

MORE ➜ DigitalEngineering247.com/virtual
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Engineering Conference News 

ROAD TRIP

The one-day DfAM course will 
take place in Youngstown, OH, on 
October 24 (wohlersassociates.com/
DfAM-youngstown.html).

Wohlers Associates publishes the 
annual Wohlers Report that outlines 
the market trends and leading players 
in the AM industry. According to the 
2019 report, “the largest application 
of AM in 2018 is the production of 
end-use parts … Jigs, fixtures, and 
other forms of tooling—a combined 
18.5%—represent an important 
range of applications that can save 
companies a tremendous amount of 
time and money.”

To take advantage of AM to 
consolidate parts and reduce weight, 
the CAD geometry needs to be treated 
differently—a skill that early adopters 
need to acquire. The upcoming course 
from Wohlers Associates covers 
topology optimization, creating lattice 
structures and working with metal, 
polymer and composite materials.

The organizers point out the 
course is ideal for “those involved 

in aerospace, medical, motor sports, 
power/energy, industrial machinery, 
automotive, and consumer products.” 
The one-day course in Youngstown 
lists about 12 separate presentations 
and lectures, ranging from “State of 
the AM industry” to “Economics of 
AM.” There will also be an expert panel 
session, hands-on exercises related to 
part consolidation and sessions related 
to polymer AM processes and designing 
for metal AM.

“AM is an inherently 
multidisciplinary technology,” says Ray 
Huff, associate engineer and DfAM 
instructor at Wohlers Associates. “Just 
as product development teams must 
rethink the way a product is designed, 
company management must also gain 
an appreciation for the new methods, 
software tools, and considerations 
that AM presents. Unlocking the 
vast potential of AM requires a 
broad understanding of both the 
opportunities and challenges.”

The course targets managers and 
executives, focusing on the economics 
and cost-benefit analysis of DfAM. 
CAD software and computers are not 
required for this event.

The Wohlers course is being held in 
conjunction with the America Makes 
Members Meeting & Exchange (MMX) 
event in Youngstown on October 
22 and 23 (americamakes.us/mmx). 

The annual members event includes 
updates on the latest information on 
the institute, and offers reports on new 
technical content and AM research 
projects, as well as networking 
opportunities for members and local 
stakeholders. 

The organization recently celebrated 
its seventh anniversary in August. 

“This is a really exciting time for 
the Institute as we have a great deal of 
learning and achievements from the 
last seven years,” says America Makes 
Executive Director John Wilczynski. 
“We are acutely aware of the needs 
of our industry from commercial 
and defense sectors. We are grateful 
for all of the support from the DoD, 
Air Force Research Laboratory and 
other government stakeholders. As 
the pilot Institute, we have proved 
that the public-private collaborative 
model is effective and important to 
the ongoing economic success of 
U.S. manufacturing industry. We 
transitioned from the initial start-up 
phase and then onto an incredibly 
driven project execution phase to 
where we are today—promoting and 
leading innovation.

To register for the one-day course in 
Youngstown, go to wohlersassociates.
com/DfAM-youngstown.html.

Learn to Design for AM
KENNETH WONG

IN OCTOBER, NOVICES to 
additive manufacturing (AM) have 
the chance to take a special DfAM 
(design for additive manufacturing) 

course to understand how to design 
parts and assemblies to take advantage 
of 3D printing. Offered in partnership 
with America Makes, the event will be 
organized and led by Terry Wohlers, 
president of Wohlers Associates, and 
other instructors. DE is also a media 
partner of America Makes.

MORE ➜ Wohlersassociates.com
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| C O N S U LTA N T ’ S  C O R N E R  |

S I M U L AT I O N
By Monica Schnitger

Somewhere before production, but after you’ve created a 
full-up CAD model, you send it off for validation. Maybe to 
an internal resource bureau, where you compete for test and/
or simulation resources. It could be an outside service, where 
they do it for a fee. The problem is that this happens so 
close to production start. Any changes recommended by the 
validation team at this point could delay the whole timetable; 
you have to think hard before making them.

But it doesn’t have to be this way. A new generation of 
technologies is making simulation and test more accessible 
than ever. In fact, these tools may drive your team to 
rethink its processes. 

The traditional workflow I just described grew out 
of the fact that simulation used to be done by specialists 
who had expensive hardware and software. Because of its 
cost and the need to keep it fully occupied, CAE became a 
central resource that was shared by a number of product or 
platform groups. In many companies, a test function was 
aligned to simulation, since it was also a shared resource with 
expensive assets. Scheduling time with these experts became 
a bottleneck and hindered innovation. Its valuable input was 
often too late.

You still need these simulation experts, but real-time (or near 
real-time) simulation technology on the market now, combined 
with much better user interfaces and cheap, available compute 
power, can radically change design workflows. 

CAE-Centric Process
If you didn’t have this backward-looking process in place 
and could invent one instead, it would probably look 
more like this: you would use CAE to validate our earliest 
concepts against requirements before you spend significant 
resources on any one design idea. You’d use simulation, as 
well as virtual reality, visualizations, cost models, preliminary 

manufacturing line design and other techniques to explore 
each concept as thoroughly as possible before deciding on 
the one or two that are worth pursuing. Only then would 
you get to detailed design, relying on input from simulation, 
production, customer panels and so on. It would truly be the 
best alternative you could choose to meet the requirements.

Moving from the traditional process to this more modern, 
CAE-centric view isn’t easy. Here’s how to start:

1. Recognize that because technology has changed, 
so must your workflow. Simulating early saves time and 
money, and lets you spend your limited resources on the 
best alternatives.

2. New tools, such as generative design and real-time 
simulation, require training. You could just learn as you go, but 
you will miss out on nuances that will make you more efficient 
and better able to set up simulations and interpret results.

3. You may have to create job titles to suit these new 
responsibilities. People doing more work should be paid 
more, and that upsets a lot of apple carts.

4. Your enterprise needs to value the input from these 
super-designers. They may not yet be as skilled as the 
experts in the simulation group, but their results are 
important, too. You might try pairing a designer with a 
simulation expert; both will learn about the tools and 
techniques, and figure out what works best.

5. Real-time simulation usually trades off speed and 
accuracy. Be sure you understand this and can work with 
these limitations. And no matter how you get to your final 
design, be sure to simulate it one last time.

Integrating simulation earlier into a design process means 
stepping out of historical workflows and embracing new 
technology and work patterns. Rather than simulating at 
the very end, use CAE as often as is right for you: design 
space exploration in concept design; real-time simulation 
in detailed design; and, then, just before production, do a 
product verification run. The end result will be worth it. Your 
products will be more creative and more fit for purpose. DE

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

Real-Time Simulation for a Faster, Better Design

I F YOU’RE LIKE MOST DESIGNERS and engineers, 
your new product workflow is something like this: You 
gather requirements and turn those into a spec. From that 
spec, you create a preliminary design, perhaps in CAD, but 

maybe on a napkin. You review that design with the important 
stakeholders and then dive into the deeper details. 
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“Most engineers are educated in the isotropic world, 
but the behaviors of these advanced materials are exactly 
the opposite,” says Jeffrey Wollschlager, VP for composite 
technologies, Altair. He is also an associate professor at the 
University of Washington, where he teaches a course on 
composite design.

 “It would have been much simpler if engineers have been 
trained to handle anisotropic behavior from the start. Then, 
you can simply ask them to disregard certain parts of their 
formulas to arrive at isotropic. But going from simple to 
complex, to add a new set of behaviors to isotropic rules, is 
very difficult,” remarks Wollschlager.

 Seth Hindman, senior manager of product strategy at 
Autodesk, calls composites “something of a black art.” Their 
creation, manufacturing and application involve so much 
experimentation and risk that only a few manufacturers 

have historically been able to reap the benefits of these 
advanced materials.

 In the last 10 years, spurred by the need to understand 
the black art, CAD and simulation software suppliers began 
acquiring promising upstarts already making a name for 
themselves in the emerging discipline (see Sidebar: The 
Composite Shopping Spree). Today, many of the composite 
solutions spawned by acquisitions have become robust and 
mature, ready to assist manufacturers timidly dipping their 
toes into composites for the first time. 

Pursuing the Black Art
Autodesk’s composite-focused software, Autodesk Helius, has 
roots going back to a Wyoming-based developer called Firehole, 
acquired by Autodesk in 2013. In the purchase of Pennsylvania-
based Magestic Systems, Autodesk gained Magestic’s CNC 
simulation software for manufacturing composite laminates. The 
product has since been rebranded Autodesk TruComposites.

Failure modes in forged metal are well understood. Most 
finite element analysis (FEA) solvers have developed good 
rules to account for their reaction to stress loads. But not so 
with composites. 

“With composites, you look for delamination, for tearing. 
In some cases, you need to change the layup strategy to 
address the residue effects of manufacturing. As you layer 
them, you get wrinkles and pockets in some areas,” says 
Hindman. “They can also be porous, so they may take on 
moisture, which also affects performance.”

 The tear begins in one region, then propagates throughout 
the composite layers that cover the product like an outer skin. 
Software such as Helius lets you simulate how a small tear or 

Composite Simulation 
Grows MORE ROBUST
Composite performance inseparable from manufacturing 
process and material design.

BY KENNETH WONG

THE TRANSITION FROM METAL to composite is one of the most recent significant changes in manufacturing. 
The former material is isotropic, exhibiting uniform stretching and bending behavior in all directions. By contrast, 
composites are anisotropic. They stretch, bend and break differently in different directions, based on how the 
fibers are woven together and how the laminates are bonded. This fundamental difference throws many traditional 

simulation protocols and practices into chaos.

Decoding the Matrix

The matrix, in the world of composites, has 
nothing to do with the virtual world featured 
in the dystopian futuristic thriller starring 

Keanu Reeves. Composites are essentially a 
blend of two—or more—types of materials. The 
so-called matrix is the background material, 
or the base material. To this, other reinforcing 
materials are added to create the new material, 
a type of composite. For example, to make 
fiberglass composite, you add glass whiskers 
to thermoplastic, which serves as the matrix or 
foundational material. 
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damage may expand over time.
 “The fatigue model you need to develop for 

composites is quite complex, and it’s specific to that 
composite type,” says Hindman. “After developing 
it, to make sure the model is valid, you also need to 
compensate for the different manufacturing processes 
that might affect the character of the materials.”

 For aerospace and automotive manufacturers that 
have worked with composites, this internal knowledge 
is precious intellectual property. Their understanding 
of the failure mechanism and strategies to counteract 
them is a competitive advantage, so they aren’t likely to 
publish them for the rest of the industry.

 Even if some of these firms are willing to share 
their knowledge, significant hurdles stand in the way. 
Since each composite behaves differently depending 
on its formula and manufacturing process, the fatigue 
prediction model for one type is not always applicable 
to other variants of the same type.

Part Quality Linked to Manufacturing
In December 2017, Sweden-based Trelleborg Group acquired 
Automated Dynamics. Today, the company’s Automated Fiber 
Placement (AFP) technology has become part of Trelleborg 
Sealing Solutions. The precision possible with AFP makes the 
division’s thermoset and thermoplastic sealing components 
deliver highly consistent  performance.

“The ideal situation is where a manufacturer brings us a 
part that’s been designed for metal, and asks us to work with 
them to turn it into composite for higher performance,” 
says Reid Hislop, product manager, Advanced Composites, 
Trelleborg Sealing Solutions.

One of the composites’ features is its fabric-like character, 
which can be adapted to different shapes. The materials also have 
become the preferred choice in many lightweighting projects, 
where manufacturers seek ways to reduce the weight of an 
assembly or a product by replacing them with composite parts. 

But working with composites is not straightforward. “It 
gets much more complex, because depending on the direction 
and orientation of the fibers and the plies, the composite 
part’s strength is different,” observes Ginger Saunders, project 
engineer, Trelleborg Sealing Solutions.

The Trelleborg parts made with AFP have a low coefficient 
of thermal expansion (CTE). This characteristic allows the 
company to make composite parts that match  nearby metal 
parts in CTE. The company uses Autodesk Helius, among 
others, to simulate and analyze their production process and 
material performance. 

“Manufacturing variation can certainly affect the quality of 
parts, but Trelleborg’s automated process can help to minimize 
this,” explains Saunders. “Our process utilizes automated fiber 
placement, and when fiber placing thermoplastic materials, 
there is no need for an autoclave cure [a chamber-like 
environment to heat the laminates].

 “We bond the material in-situ, or on the fly, to 
consolidate the structure,” Saunders continues. “We qualify 
the process conditions for all the material that is used in 

our products to an internal standard, and have consistent 
repeatability with our equipment.”

Scale-Dependent Answers
In 2015, Altair acquired Multiscale Design Systems, which 
developed the MDS software for micromechanics design, 
microstructure optimization and life prediction of complex 
materials. MDS is now called Altair Multiscale Designer. More 
recently, Altair acquired Componeering, which developed the 
ESAComp software for composite simulation.

 “Most people use the term composite to refer to laminated 
composites, like Carbon Fiber Reinforced Polymer (CFRP) 
or Glass Fiber Reinforced Polymer (GFRP),” says Altair’s 
Wollschlager. “With modern materials like these, you have to 
integrate manufacturing simulation and microstructure design.”

 In Wollschlager’s view, investigating composite designs 
at various scales is the key. Being able to obtain the material’s 
average behavior at the fiber/matrix scale, lamina scale, laminate 
scale and even the part scale requires multiscale technology. 

Multiscale material model development and simulation 
capabilities of Multiscale Designer are a part of the 
HyperWorks simulation suite of tools. In addition to software 
tools, Altair also offers composite engineering services.

Damages Beneath the Skin
In 2013, ANSYS acquired long-time partner Evolutionary 
Engineering (EVEN), then created ANSYS Switzerland, a wholly 
owned subsidiary. As a result of the acquisition, ANSYS gained 
a new product: ANSYS Composite PrepPost, a pre- and post-
processing solution for analyzing layered composite materials. 
The software is integrated with ANSYS Mechanical in ANSYS 
Workbench, which makes it easier for ANSYS users to adopt.

 “If a single material doesn’t give you what you need, you 

Simulating the general stress distribution on parts and 
the way composite layers are affected by it go hand in 
hand. These examples show how the process works in 
ANSYS simulation software. Images courtesy of ANSYS.
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mix two or more materials to get the characteristics and 
qualities you want,” says Richard Mitchell, principal product 
marketing manager for Structures, ANSYS.

 In the wind energy sector, composite laminates are 
extensively used in the skin or outer layers of the wind turbine 
blades. Although some of the blade’s internal structure can be 
treated and analyzed in classic FEA tools, the composite layers 
require a different treatment. 

“Sometimes after an impact, from the outside the turbine 
doesn’t look like there’s any damage, but there may be damage 
inside, so it’s important to be able to simulate and look at 
what’s happening underneath the top layers,” explains Mitchell. 
With ANSYS Composite PrepPost, the results for the 
structure can be looked at globally or viewed in detail down to 
the layer level.

Mitchell suggests that, for initial design investigation, the 
general stress distribution can be simulated using ANSYS 
Discovery Live, a quick analysis tool for designers and non-
experts. More detailed investigations may be conducted 
on the composite layout and orientation using ANSYS 
Composite PrepPost.

 Targeting those who wish to run hundreds of jobs 
simultaneously, ANSYS plans to launch the ANSYS 
Distributed Compute Services (DCS), giving users the 

option to augment their local hardware with additional 
cloud resources. 

The Inside of Your Composite Part
In healthcare, if you need to see beyond the patient’s visible 
symptoms for a more thorough diagnosis, you run a computed 
tomography (CT) scan. In manufacturing, if your so-called 
patient happens to be a composite part, you may turn to Volume 
Graphics to get something similar—an inside view of the part. 

The company was founded in the 1990s by two physicians 
who wanted to focus on developing software applications to 
process CT slice-image stacks in 3D. Today, the company’s 
VGSTUDIO and VGSTUDIO MAX are known as industrial 
CT scanning software for metrology, defect detection and 
assessment, material properties analysis and simulations.

The software has an add-on specifically for analyzing 
fiber-reinforced plastic composites. The fiber composite 
materials analysis (FCMA) module lets you visualize, analyze 
and manage local and global fiber orientations and fiber 
volume fractions. Users are predominantly from the aerospace 
and automotive sectors, attracted to composites for their 
lightweighting potential, according to Kamil Szepanski, 
customer support coordinator, Volume Graphics.

Some FCMA users deploy the module to obtain and verify 
the fiber orientation  in the manufactured part because the 
data can subsequently be used as input in detailed simulations. 
“This renders more meaningful results than if it were run on 
the nominal data,” Szepanski points out. 

The insights from using FCMA are key to predicting and 
preventing common failure modes in composite parts, such as 
disorientation of fibers, fiber undulation and delamination. 

“In composite components, the strength and thermal 
conductivity are directly influenced by fiber orientation,” 
explains Szepanski. “In order to achieve an optimal fiber 
orientation to satisfy the requirements in each particular use 
case, you can use the results of the FCMA and simulation 
and stress testing to determine where you need to adjust the 
production process.” 

e-Xstream Composites
Roger Assaker was the CEO of e-Xstream Engineering, 
headquartered in Luxembourg. After MSC Software acquired 
e-Xstream in 2012, he kept the same title, but also added a new 
one: chief material strategist of MSC Software.

 “We are 100% focused on multiphase, multiscale advanced 
material modeling,” explains Assaker. “We have a long history 
catering to the automotive, where the use of these materials is 
quite common.”

 The all-electric BMW i3 and the hybrid BMW i8 are 
examples of the automakers’ eagerness to adopt composites. 
When it comes to  making lighter, stronger vehicles, 
composites are especially attractive to the auto industry.

 “With composites, the way you design your materials 

Composite Shopping Spree
2011: Dassault Systèmes acquired UK-based 
Simulayt, which offers software to design fiber-
reinforced composite products.
2011: Siemens PLM Software acquired Vistagy, 
developers of the simulation software Fibersim.
2012: MSC Software acquired e-Xstream 
Engineering, makers of Digimat. MSC itself was 
later acquired by Hexagon in 2017.
2013: ANSYS acquired Evolutionary Engineering 
AG (EVEN), subsequently renaming it as ANSYS 
Switzerland.
2013: Autodesk acquired Firehole, renaming its 
composite simulation software Autodesk Helius.
2015: Altair acquired Multiscale Design System, 
developers of MDS software for simulating 
micromechanics, microstructural optimization and 
life prediction of complex materials.
2017: Altair acquired Componeering, developers 
of the ESAComp composites simulation software.
2017: Autodesk acquired Magestic Systems, 
which develops software to simulate CNC 
production of composites.
2018: Trelleborg Sealing Solutions acquired 
Automated Dynamics, an advanced composites 
components manufacturer.
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affects how they perform and behave, so it’s critical to be able 
to simulate the design process,” remarks Assaker. At the stage 
where reinforcing materials, such as glass fibers, are added 
to the base material, called the Matrix, the orientation of the 
fibers determines the strength of the final product when pulled 
or stretched from a certain direction.

 By the same token, in laminate composites, the stacking and 
orientation of the sheets affects the strength of the final product. 
Therefore, the choices made in the design of the material play a 
crucial role in the overall performance of the final part.

 Digimat is MSC Software’s composite-focused product 
(MSC is now part of Hexagon), and the company offers various 
tools and modules under that brand. Digimat-RP, for example, 
is specifically for the design and analysis of reinforced plastic 
(RP) parts. Digimat-HC is for designing honeycomb (HC) 
composite structures. Digimat-FE is for examining materials at 
the microscopic level using representative volume elements.

Multiphysics, Multidiscipline
In 2018, multiphysics simulation software provider COMSOL 
released its first Composite Materials Module (CMM). “This is 
not a product we acquired. We wanted a multiphysics solution 
to this, so we developed this in house,” explains Bjorn Sjodin, VP 
of Product Management, COMSOL.

Under the COMSOL Multiphysics brand, the company 
offers various discipline-specific modules, including a module 
for analyzing laminated composites, commonly CFRP. “But 
some of our users modify the software to make it more suitable 
for analyzing unit cells of generic composites,” adds Sjodin.

“This is multiscale modeling, since it lets you analyze the 
material as microstructures but also as laminates,” says Sjodin. It 
benefits from COMSOL’s solvers, which can simulate phenomena 

that must be calculated using more than one type of physics.
“Composite failures can happen at the laminate level due 

to indirect loads. Because of temperature or unwanted heat, 
such as a lightning strike producing an electric current, the 
mixed materials expand in uneven fashion, resulting in tearing, 
shearing or delamination. It may also fail when wind or water 
flows across the laminates,” Sjodin points out. 

These are examples of multiphysics interactions: fluid 
and structure, or thermal and structure. To solve the 
multiphysics phenomena, the workflow may also need to be 
multidisciplinary. “If you want to understand some advanced 
delamination phenomena, an FEA expert might not be 
enough,” Sjodin says. “You may also need a manufacturing 
expert looking at it, because the resin and the adhesive used are 
important considerations.” 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 ➜ Altair: Altair.com

➜ ANSYS: ANSYS.com

➜ Autodesk: Autodesk.com

➜ COMSOL: COMSOL.com/composite-materials-module

➜ e-Xstream Engineering: E-Xstream.com

➜ MSC Software: MSCSoftware.com

➜ Trelleborg Sealing Solutions: TSS.Trelleborg.com/en

➜ Volume Graphics: VolumeGraphics.com 

For more information on this topic, visit DigitalEngineering247.com.
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Volume Graphics’ VGSTUDIO and VGSTUDIO MAX let you 
examine the composite parts at the fiber level to understand 
the failure causes. Image courtesy of Volume Graphics. 
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Imagine polymers able to change their properties or even 
shape in response to electrical signals and other external stimuli. 
How about metal polymer and carbon fiber composites, or 
printable elastic resins, or super-hard, heat-resistant ceramics, 
able to open various design doors? 

“There are many notable innovations across the world of 
materials at the moment, but the smart materials market is 
arguably one of the most exciting areas of modern materials 
science,” says Ben Smye, head of growth for the online materials 
platform Matmatch. “They hold a lot of promise for future 
products that are more efficient, effective and multipurpose.”

Trust but Verify
There’s just one problem: How do you learn about these 
materials and everything they are good for? At the risk of a little 
self-promotion, reading magazines like this one doesn’t hurt, 
but Smye believes digital platforms such as Matmatch offer a 
better approach. Matmatch was developed to help engineers 
and product designers find the right material and get in touch 
with the right suppliers, he says. It currently lists thousands 
of materials on its site and continues to expand its database, 
gathering information from a range of trustworthy sources 
including suppliers and data partners. This data is then verified 
by the company’s in-house materials scientists, so engineers can 
be confident in its reliability.

“Verified data, presented in a standard format, makes the 

comparison and evaluation of material properties efficient for 
the user,” he adds. “This information is vital to designers and 
engineers in all fields, people who are pushing the boundaries 
of innovation. Matmatch allows these users to make informed 
decisions when considering new or more sustainable materials 
for their projects.”

He’s not alone. Annie Wang, president at Senvol and vice 
chair of SAE’s Additive Manufacturing Data Management 
Committee, says she and business partner Zach Simkin founded 
the company nearly seven years ago after realizing that they 
weren’t the only ones struggling to identify what materials could 
be used on different 3D printing platforms. “If you wanted to 
know what machines could print titanium, for example, you had 
to sift through endless documents and data sheets,” Wang says. 

Complex Relations
Wang’s solution was to develop a relational database of materials 
and material properties, together with 3D printers and their 
capabilities. It was originally intended for internal use, but she 
and Simkin soon decided to publish it as the Senvol Database on 
the company website for free. 

What’s not free are some of the company’s other products, 
including an application programming interface for additive 
software developers, material datasets that “would otherwise 
take months to develop,” a host of standard operating 
procedures called Senvol SOP designed to assure consistency 

(Finding) 
the Right 
Stuff
BY KIP HANSON

DESIGNERS AND ENGINEERS have been going gaga over additive manufacturing’s (AM) seemingly unlimited 
design freedom since the day 3D Systems’ Chuck Hull sold his first 3D printer, the SLA-1. That was three 
decades ago, and although AM continues to impress us with its capabilities, it’s only over the past few years that 
3D printing’s true potential—the ability to print advanced, often completely new materials—has come to light.

Impressed with all the cool shapes you can build on a 3D printer? What’s even 
more cool are all the different materials you can use to make them. 

DE_1019_Focus_Additive_Materials_Hanson.indd   16 9/11/19   2:07 PM



DigitalEngineering247.com /// October 2019          DE | Technology for Optimal Engineering Design  17

throughout the AM process and machine learning software 
(Senvol ML) that can be used to intelligently generate and 
analyze AM data. 

Senvol continues to add materials and machine tools to the 
Senvol Database, although Wang freely admits that both are 
moving targets. “We have relationships with nearly every AM 
machine tool and material manufacturer who provide us with 
their information because they want the design community to 
know about their products as soon as possible,” she says. “The 
database is as up to date as it can possibly be, but I can tell you 
that the number of materials has really exploded over the past 
couple years, as have the number and types of 3D printers.”

These are good starting points for identifying what material 
is most suitable for your next project, and in Senvol’s case, which 
3D printers can use said material. But as Wang explains, the 
type of 3D printing equipment and process parameters used 
may play significant roles in how the end product performs, 
regardless of the raw material’s properties. 

This makes the takeaway clear: By all means, leverage 
whatever online resources are available for your engineering 
endeavors, but at the same time recognize that 3D printing’s 
complexity makes it somewhat of a team sport, one that requires 
input from a service bureau or machine tool builder. 

No I in Team
One service bureau is Stratasys Direct Manufacturing, a 3D 
printing and AM company that uses multiple 3D printing 
technologies for its customer base. Senior Manufacturing Engi-
neer Andrew Carter is primarily focused on metal powder bed 
printing, but agrees that the types of polymers and metals has 
increased of late. For example, there’s been great interest from 
the rocket propulsion industry in C18510 copper alloy for its 
thermal and electrical conductivity, as well as significant use of 
nickel and cobalt-based superalloys, both darlings of the aero-
space industry and readily printable. 

Carter notes, however, that many in the industry are looking 
beyond these conventional alloys toward specialized and even 

custom-made materials, “There’s a great amount of research 
into blending different metal powders so as to achieve best of 
both worlds results,” he says. “Companies out there are looking 
to make nonweldable materials weldable, for instance, by adding 
small amounts of ceramic, and developing the additive equivalent 
of 6061 aluminum, a material that has long been unavailable.”

On the polymers side, Arkema alone released eight engi-
neered resins at the Additive Manufacturing User Group 2019 
conference, as well as a bio-based version of Nylon 11 and its 
Kepstan-brand PEKK. There’s Oerlikon, BASF, Chromatic and 
Elementum 3D, Carter says, that are trying to develop materials 
that fill a specific need.  

Let’s Chat
With 3D printing—more than any other manufacturing 
method—it’s crucial to partner with a knowledgeable service 
provider, says Eric Utley, AM application engineer at Protolabs. 
“Let’s face it, [AM] is constantly evolving, and everyone strug-
gles now and then with identifying the right material and right 
process for their project.”

“With stereolithography, for instance, most of the polymers 
have their own trade names, and there’s not a whole lot of 
information available beyond the surface-level data sheets for 
those materials,” Utley adds. “It takes experience with these and 
other materials to understand how they will perform.”

This is why Protolabs, and all reputable service bureaus, 
encourage their customers to pull them into design discussions 

ABOVE: Though more limited than their polymer cousins, 
metal powder bed printers still offer designers a huge 
number of material choices. Image courtesy of Matmatch.

Direct metal laser sintering produces fully-dense 
metal parts in a range of alloys. Image courtesy of 
Stratasys Direct.

HP’s Multi Jet Fusion prints a variety of nylon and TPU 
materials. Image courtesy of Protolabs.

LEFT: Remanufacturing a legacy pilot knob led to 
TOUGH-GRY 10, a high-speed ABS-like material for 
production applications. Image courtesy of 3D Systems.
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early on, so that they can understand whether a product will 
eventually be injection molded, be exposed to a certain chemical 
or be used in an electrostatic environment.  

It’s not going to get any easier. Utley points to newcomers 
such as Markforged, which boasts a range of metals and carbon 
fiber composites; Carbon 3D with its epoxies and silicones; and 
HP’s Multi Jet Fusion (MJF), a printer that was once “nylon 
only” but has since branched out to thermoplastic polyurethane 
and is exploring metal and electrically conductive materials. “It’s 
definitely an interesting time for all of us,” Utley notes.

Right Side Up
Dialing in the right material is important, but sometimes you 
just need parts ASAP, whatever they’re made of, something 
quick-turn providers such as Protolabs and Stratasys Direct can 
provide. Xometry is another. 

“We certainly help out with material advice, although a 
lot our customers are in a hurry, and opt for whatever’s most 
available or most affordable,” says Greg Paulsen, director of 
application engineering at Xometry. “A common example is 
using printed nylon as a substitute for polypropylene, which 
is not readily available on any platform. This is because 
nylon shares a similar ductility and specific gravity and most 
importantly can be purchased right away.”

Pragmatism aside, Paulsen is excited over the range of new 
materials that have come about recently. Like Utley, he men-
tioned Carbon 3D and its digital light synthesis, a technology 
that breaks some of the barriers of layer-based AM. “It’s really 
the first time that anyone has had access to printable, urethane-
based and epoxy-based materials,” he says. “In the past, these 
were only available through casting and molding. What’s more, 
because [digital light synthesis] is a continuous process, it re-
moves orientation-related design constraints.”

Why should a designer care about orientation? “Consider 
ULTEM, a high-strength, high- temperature engineering grade 
polymer,” Paulsen explains. “If you use it to print a pencil shape 
and orient the part horizontally, it will be quite strong, but print 
it vertically and it’s likely to break during use. This is one reason 
why continuous 3D printing processes are so significant, and 
why designing for AM requires solid knowledge of the processes 
and materials used. It’s a complex technology.”

Taming the Wild West
One factor making it even more complex is the uncertainty 
surrounding universal material specifications. Anyone used to 
designing products bound for a machine shop or fabricating 
house has only to reference an ASTM standard, secure in the 
knowledge that whatever steel, aluminum or polycarbonate 
used in their products would be the exact same stuff, regardless 
of how, where or on what machine tool those parts were made. 
With AM, the properties for the “polypropylene like” polymer 
printed on one machine will likely differ from those printed on a 
competing equipment brand; and if the process isn’t tightly con-

trolled, may even differ from one part build to the next. 
According to Edwin Hortelano, vice president of materials 

R&D at 3D Systems, this hair-raising problem isn’t as alarming 
or as novel as one might think. “It’s not all that different 
than plastic injection molding, casting or forging, where the 
temperatures and pressures used might alter the material 
properties,” he says. “Good process control is an important 
part of all manufacturing disciplines, although it’s even more 
important with 3D printing. Offsetting that, of course, is its 
immense capabilities.”

An organic chemist, Hortelano suggests this discussion will 
gain even more value as 3D printing goes mainstream. It’s one 
thing to mess up the mechanical or electrical characteristics 
of a prototype part, but when those same parts move into 
production? That’s another story. The solution, he says, is 
to focus more on a product’s function rather than any set of 
specifications, find whatever material and printer best addresses 
that need, and then develop a sound manufacturing process to 
assure product consistency. 

This may mean marrying yourself to a certain brand of 
equipment, or at least a certain type of 3D printing technology. 
“We and our competitors each have product offerings that are 
different chemically from one another,” says Hortelano. “Each 
might provide you with parts that share common properties, 
but the materials are not chemically identical, and there may be 
patents and other intellectual property that prevent that from 
ever happening. So you can’t expect to develop something with 
one brand of printer and material and then casually transition 
it to a competitive product. So yes, designers of additively 
manufactured parts probably have to do more homework than 
their subtractive peers, but at the same time, they have the 
potential to make some really exciting products.” DE

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

INFO ➜ 3D Systems: 3DSystems.com 

➜ Matmatch: Matmatch.com

➜ Protolabs: Protolabs.com

➜ Senvol: Senvol.com

➜ Stratasys: StratasysDirect.com

➜ Xometry: Xometry.com

For more information on this topic, visit DigitalEngineering247.com.
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3D printing presents designers with a rainbow of 
polymers and properties. Image courtesy of Xometry.

DE_1019_Focus_Additive_Materials_Hanson.indd   18 9/11/19   2:08 PM



ACCELERATING THE ADOPTION OF 3D PRINTING!

Connect and Collaborate! 

What is MMX? 
The annual America Makes MMX event 
unites the additive manufacturing (AM) 
community to collaboratively achieve the 
goal of advancing AM technology, adoption, 
commercialization, and education.

BECOME A SPONSOR!
Connect your brand with this high impact event!

REGISTER NOW!
Connect with the additive community!

Registration and sponsorship details at  
AmericaMakes.us/MMX

@AmericaMakes          /AmericaMakes                       AmericaMakes.us

Why attend? 
Gain insight into project progress, roadmap 
development, Institute strategy, and who’s 
who in the additive industry. An exciting 
agenda is planned, making the 2019 MMX 
an event you will not want to miss!

Who should attend? 
Members and Non-members!
MMX brings together Individuals from 
industry, academia, government, and 
economic development agencies that are 
willing to collaborate for the acceleration 
of AM technology.

REGISTRATION 

DISCOUNT FOR 

DE READERS!

USE PROMO CODE

“DE50”

America_Makes.indd   1 9/9/19   10:23 AM



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

FOCUS ON 
ADDITIVE MATERIALS | MATERIALS

The long-term vision for AM materials 
research is to have CAD-like tools 
engineers will use to model materials at 
any scale. Once designed, the 3D printers 
will blend and process multiple raw 
ingredients in real time. Such designer 
materials, engineered as part of the 
product development process, would spur 
its own form of industry innovation.  

It is a great vision, still very much 

at the research stage. To understand 
the challenges and goals, Digital 
Engineering talked with researchers in 
academia and industry working to turn 
the vision of AM designer materials 
into reality. The general consensus: It is 
a long path from defining the science to 
delivering the technology.  

“The manufacturing of custom 
materials for additive manufacturing 

offers unprecedented flexibility, but 
they won’t be the exact materials we 
know today,” says Anthony Dawson, the 
senior director of product operations for 
the Materials Business unit at ANSYS. 
Dawson and others call this new field 
Integrated Computational Materials 
Engineering (ICME). “It is a hot topic. 
It requires understanding how materials 
behave in processes at multiple scales.” 

In the past, Dawson says, “aluminum 
was aluminum, but now we are 
generating new materials. We need 
deeper understanding. How do they 
behave at different scales?” 

As one of the largest simulation 
vendors, for ANSYS, its mission is to 
provide full simulation and analysis 
of new materials and new use cases. 
“A simple composite material behaves 
differently on the small scale than at the 
large scale. We have to homogenize the 
simulations, [and] tug on it a hundred 
different ways. We can only imagine the 
amount of data required.”

Earlier this year, ANSYS acquired 
Granta Design for its materials 
expertise. A new ANSYS product from 
this acquisition is Material Designer, 
a tool to aid the new material design 
and creation. At the micro level it 
can homogenize material properties, 
analyzing for elastic stiffness, thermal 
expansion and conduction. The data is 
then transferred to another simulation 
at the part or assembly level. A 

Enabling the Designer Material 
Era of Additive Manufacturing
The consensus: It’s a long path from de� ning the science 
to delivering the technology.  

The 3D Systems ProJet MJP 5600 can print with two 
distinct polymers simultaneously. This spine study 
was produced in one pass with both rigid and � exible 
material to depict vertebrae as well as the spinal cord 
and disks. Image courtesy of 3D Systems.

BY RANDALL S. NEWTON 

THE CURRENT CAPABILITIES of additive manufacturing (AM) are the 
result of 30 years of invention and innovation. Yet there is so much about the 
technology that remains a promise. Currently most 3D printers used for AM 
can use only one material; a select few can print a product with two materials.
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short, detailed introductory video 
about Material Designer is at youtu.
be/9uweNABNVII.  

Seeking New Software 
The Georgia Institute of Technology been 
studying the idea of designer materials 
for AM for several years, says Yan Wang, 
an associate professor of mechanical 
engineering. The idea of local modification 
of materials or structure, with both polymer 
and metal, “is needed,” says Wang, “but as 
of yet there is no such tool.”

Biovia Materials Studio from 
Dassault Systèmes (bit.ly/2kB16GQ) 
is the state of the art for commercial 
products, says Wang, but it is a research 
tool to predict and understand the 
relationships of a single material’s 
atomic and molecular structure with 
its properties and behavior. It can help 
engineer a new material, but “this is the 
starting point” for taking the vision all 
the way to 3D printing custom materials 
assembled on the fly. 

Wang envisions a CAD-like tool that 
allows the engineer, for example, to “zoom 

in on a door knob and spec ‘this much 
elasticity’ and arrange the composition 
and gradients of the polymer, put in 
ingredients and optimize the properties. 
We need a method to view designs at the 
crystal level,” in the case of metals, and a 
way to design for a gradient continuum. 
The goal becomes a software tool that can 
tell the 3D printer how to mix rubber and 
metal in a hose part, for example, with a 
gradual change from “100% rubber to 1% 
rubber with 99% copper.” 

The properties of some popular 
materials complicate this line of 
research even further. “So many times, 
the properties are not controllable 
or predictable,” notes Wang. Nickel 
titanium, for example, has different 
properties at different ratios. An area of 
current research is to predict final grain 
structure for AM processes. 

Stability as a Core Value
The material chemistry in an AM process 
can change depending on whether it is a 
one-off print or a long production run, 
says Edwin Hortelano, vice president of 

materials R&D at 3D Systems. “Stability 
is the most important factor.” For 3D 
Systems’ new Figure 4 production AM 
platform, for example, Hortelano says the 
company gained considerable experience 
“learning how to exploit the properties 
of the system” with new materials that 

REGISTER NOW

Researchers at Georgia Tech 
University are exploring how 
material properties are affected 
by interaction at micro, meso and 
macro levels. Image courtesy of 
Georgia Tech University.
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would remain stable when used for 
lengthy production runs of thousands 
of parts and then continue to exhibit 
stability as a finished part. 

Looking ahead to designer materials, 
one research challenge at 3D Systems 
is how to tailor properties of a material 
based on where it is in the product. The 
company currently sells 3D printers 
using MultiJet Printing technology 
(MJP), which offer the ability to print 
with two materials. “MJP can blend for 
elastomeric and rigid to hit a spectrum 
of properties,” says Hortelano. “It is a 
first step in what it can become.” 

3D Systems is looking ahead to new 
printer technology capable of blending 
metal and polymer powders in a sintering 
process, changing the mix as needed 
during the print process. “The principles 
have been proven of using localized 
powder blending to get more sintered 
project properties,” Hortelano says. 

Hortelano confesses that as a 
Ph.D. chemist, he is “not a CAD guy.” 
Nonetheless, he sees the challenges ahead 
as easier for the software developers than 
for the materials and printing process 
researchers. “To fill the need [for designer 
AM] with the right value proposition is 
going to be challenging. It must address 
the total productivity cost.” 

Designing for Random Effects 
Carolyn Conner Seepersad has been 
studying the issues surrounding designer 

materials for additive manufacturing 
for 14 years. Currently a professor and 
General Dynamics faculty fellow at the 
University of Texas, Austin, Seepersad 
wrote her doctoral dissertation on how 
the design of materials within a structure 
influences material properties. “You have 
to design for the process, account for the 
random defects and more to make better, 
more robust parts” she says. 

Internal lattice structures are a 
hot topic in CAD R&D, with several 
competing products looking to help 
engineers add strength, lightweighting 
and other properties to parts created 
in 3D printing. Seepersad is studying 
how material architecture affects parts. 
She says it will be possible to improve 
loss factor “by multiples by arranging 
materials in clever ways.” She is working 
with scientists at Sandia National 
Laboratory on a process that uses 
honeycomb internal structures to create 
“nearly ideal shock isolators.” Such a 
material would be “great for isolating 
sensitive equipment, like high-tech 
bubble wrap for heavier impacts” and it 
would be custom for each application.  

Companies are reluctant to use 
lattice and honeycomb internal 
structure in critical applications, 
Seepersad says, because “when they are 
needed most, they are destroyed. They 
often rely on interesting arrangements 
that are hard to test.”

The ability to create such insulating 

materials does not yet exist commercially, 
and it is “not even streamlined in research, 
just isolated cases,” says Seepersad. “A full 
microstructure analysis is still a frontier.” 
Seepersad mentions current work at 
Creaform in using optical tools for quality 
control in additive manufacturing as a step 
in the right direction.  

“How will engineers manipulate 
these designs and turn them into 
products? Right now we can make 
things easier than we can analyze 
them. It is even harder to render 
them,” says Seepersad. “We must 
suppose the arrangement is repeatable, 
but that’s not always true, which makes 
analysis break down. Our models are 
somewhat gross approximations of 
how they will behave.” 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 ➜ 3D Systems: 3D Systems.com 

➜ ANSYS: ANSYS.com

➜ Georgia Tech: ME.GaTech.edu

➜ University of Texas at Austin: 
ME.Utexas.edu

For more information on this topic, visit 
DigitalEngineering247.com.
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The ANSYS Material Designer tool aids in new 
material creation. Image courtesy of ANSYS. 
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Simulation—of AM processes and, more importantly, 
of material performance—holds the key to resolving the 
trust issue. Simulating AM materials and processes allows 
engineers to virtually test drive how parts will hold up during 
and after the build process, helping to optimize designs for 
manufacturability while avoiding costly design miscues. 

Although simulation is critical to building trust and 
accelerating the adoption of 
metals AM, engendering trust in 
the simulation models is another 
big hurdle. Inconsistencies 
between AM builds and 
simulation models have some 
early adopters worried that these 
shortcomings will impede their 
ability to optimize designs while 
dampening their enthusiasm for 
large-scale adoption of the still-
nascent technology.

Part of the problem lies with 
the number of highly complex 
variables that must be fully 
vetted, including the impact of 
extreme heat and cooling that 
the metals AM process has on the 
thermal properties of materials. 
At the same time, there is still 
limited test data available to 
adequately validate simulation 
models across all possible 

permutations, and the available test data is considered a 
competitive advantage—a scenario that discourages sharing 
as well as open source innovation. 

The result is a classic chicken-and-egg conundrum: 
Engineering organizations are reticent to adopt new 
metal AM technology without proper validation of part 
performance, but their reluctance to get on board is 

Solving for Trust: Restraints 
of AM Materials Simulation
Limited test data on materials performance for metals AM printers is slowing 
con� dence in still-� edgling technology.

ANSYS’ Granta acquisition delivers tools dedicated to materials data 
management and selection, including the MI:Mat Analyzer app for visualizing 
test data. Image courtesy of ANSYS.

BY BETH STACKPOLE

ADVANCES IN ADDITIVE MANUFACTURING (AM), particularly in metals, have shown huge promise as 
of late, ushering in capabilities that improve part precision, performance, form factors and prices to make the 
technology a competitive alternative to traditional production methods. Yet a lingering cloud on the AM metals 
horizon is the issue of trust, as engineers question whether the still-fledgling technology can consistently produce 

reliable parts on par with conventional practices like casting, forging and injection molding.
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hampering the process of collecting, testing and validating 
data for effective AM materials simulation.

“Ideally, you could go straight from putting powder metals 
or polymers into a machine and get the results you want, but 
unfortunately, there are no shortcuts,” notes Dr. Rashid Miraj, 
director of technical operations for AlphaSTAR, the maker of 
Genoa 3DP, an additive manufacturing software suite. 

“The reality is if you want to have a good simulation 
model, you have to start with real test data,” Miraj 
adds. “People have a tendency to think you can buy the 
[simulation] software, and bingo, you’re ready to go, but the 
challenge is bigger. Everyone needs to make a commitment 
to do some level of testing.”

Macro versus Micro
Access to reliable materials databases is critical 
for fueling AM process simulations and for 
ramping up test and validation initiatives. To 
fill the void, simulation provider ANSYS in 
January acquired Granta Design, a leading 
provider of materials data and materials 
information management software.

In addition to Granta’s rich materials 
library, the acquisition expands the ANSYS 
simulation portfolio with GRANTA MI, a 
system for enterprise materials information 
management; MI:Mat Analyzer, an app for 
visualizing test data; and CES Selector, which 
lets users explore the impact of materials on 
the behavior of their products.

“Garbage in is garbage out, and that’s 
particularly true in the case of materials 
simulation in that you need to understand the 
properties of the powder you’re putting in 
the machine, you need the materials data and 
you need to understand what the appropriate 
materials assumptions are to give to the 
simulation so you can predict outcomes,” 
explains Brent Stucker, director of additive 
manufacturing for ANSYS. 

Another complicating factor is the metals 
AM process itself, which creates huge thermal 
swings as material is heated, melted and cooled 
in a near instantaneous fashion. This process can 
produce voids, air pockets and deformations that 
are hard to correlate with the behavior resulting 
from traditional methods such as casting and 
forging, and next to impossible to predict 
without confidence in test data. 

“You need to understand how the material 
is acting at all these different temperatures—
these properties don’t exist anywhere in a 
handbook and there’s very little data,” Stucker 
says. “It’s a conundrum—we need a lot of 

data, but most companies don’t know what data they need.” 
For its part, ANSYS is conducting hundreds of design of 
experiments (DoE) to explore material behavior using various 
laser parameters and metal powders as a way to enhance and 
validate test data.  

Like ANSYS, some of the larger aerospace companies, 
which are pioneering the use of metals 3D printing, are 
trying to build out materials test databases of their own. 
The exercise is a significant investment and considered 
a proprietary edge. As a result, companies are reticent to 
share this treasure trove of data, which in turn is hampering 
progress on the materials simulation and testing front.

“There aren’t many databases, and companies tend to 

GENOA 3DP helps accurately predict void, net-shape, residual 
stress and other anomalies associated with as-built AM parts.
Image courtesy of AlphaSTAR Corp.

Materialise Magics simulation module, offered through a 
partnership with Simufact, helps to visualize displacement, 
deformation and residual stress on metal AM parts.
Image courtesy of Materialise.
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keep them secret so they can’t compare information and 
gain confidence,” says Aaron Frankel, vice president, additive 
manufacturing software program for Siemens PLM Software. 
“If you look at Airbus and Boeing, they are building similar 
components with the same materials—if they were open to 
sharing materials test data they could be more confident, 
especially if they were seeing the same results.”

Simulation software providers like Siemens PLM 
Software and Dassault Systèmes are partnering with leading 
providers of materials databases as well as collaborating 
with customers and research labs to integrate materials 
intelligence into their AM simulation suites and to ensure 
materials test data is validated. Dassault Systèmes’ BIOVIA 
brand, which creates custom materials for companies, will 
also certify those new materials down to a molecular level to 
aid in test and validation.

Through its Simufact partnership, Materialise has 
integrated AM simulation into its Magics 3D Print suite. 
The Simulation Module, tailored specifically to the metals 
AM process, helps predict distortions and residual stresses 
on virtual 3D part models, helping to ensure material has the 
right microstructure and properties for quality control and to 
reduce the number of build failures.

As important as materials simulation is to metals AM 
adoption, organizations still need to prepare for physical test 
runs of 3D prints as part of an evolving validation and test 
process. “The more we can simulate, the fewer test parts we 
have to make,” notes Tim Van den Bogaert, software director 
for Materialise’s 3D print factory. “Will we evolve to a world 
where no test parts are needed? The answer is no; simulation 
is math and we always need to check what we are doing.”

Altair also has a partnership, with Amphyon, for software 
to help predict material behavior. However, predicting part 
behavior under operational loading after the 3D printing 
build process and subsequent heat treatment remains tricky, 
according to Ravi Kunju, senior vice president of simulation-
driven design tools at Altair. 

“Using the technologies we have today, it is possible to take 
the macro properties (residual stress) and map them to predict 
performance behavior more accurately than using nominal 
material properties of the base material everywhere,” Kunju says.

As it exists today, the process is calibrated for traditional 
methods like sheet metal forming and casting, but Kunju says 
it’s far trickier to extend it to metals AM. “For parts made from 
the selective laser melting 3D printing process, for example, it 
is challenging to accurately predict microscopic characteristics 
like gas entrapment and grain structure, which can lead to 
failures that are likely to occur due to fatigue,” he explains.

Additionally, the rapid pace of developments in the various 
AM technologies, coupled with the inability of organizations 
to select and focus on any one method, has resulted in a lack 
of standards for material characteristics, print process and part 
certification for the entire supply chain.

“Virtually capturing the physics during the build at the 
micro, meso or macro level is possible separately, but not all 
at the same time so as to get results in a reasonable fashion,” 
Kunju says. The build process has lot of variables that can 
severely affect the final properties like laser speed, hatch 
distance and laser path scan direction. In many cases, it is 
difficult to even assume that a few nested and identical physical 
parts will be identical on a single build plate, he adds. 

“There are lots of assumptions to be made to predict exact 
material behavior at the macro level for which familiarity of 
the process and consensus on what are allowable levels of 
variation is essential,” Kunju says. “Ideally, technology can 
solve any complex problem; however, in this case, unless 
the industry as a community comes together and defines 
standards of acceptance based on criticality of the final part 
being manufactured, it will be hard to engineer a solution 
that is acceptable for all.”

As the standards and materials test processes continue 
to evolve, organizations should stay mindful of the current 
limitations of materials simulation to determine if metals AM 
production methods are suitable for their particular use case. 
The use of metals AM technology to produce parts for landing 
gear may be premature without fully validated materials test 
data due to safety concerns and federal regulations. However, 
the same rigor is not required for the production of a bracket 
that holds a mirror on a car, for example, making it a better 
candidate for the technology at this juncture.

Although vendors do their part to ramp up the materials 
test process, customers need to do their own due diligence 
performing physical tests of builds using different materials 
and printer parameters. Through this trial-and-error process 
of design of experiments, printing test coupons and weighted 
sensitivity studies, they can determine which parameters 
have the greatest effect on anomalies and start to build up a 
repository of test data to fuel simulation efforts.

“Some days I think we’ve made a lot of progress and 
other days I think we have a lot of progress to make,” says 
Rani Richardson, Dassault Systèmes’ director of lightweight 
engineering for CATIA technical sales. “Until we get parts into 
flight or in cars driving, there’s still a lot of work to do.” DE

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

INFO ➜ AlphaSTAR: AlphaSTARcorp.com

➜ Altair: Altair.com

➜ ANSYS: ANSYS.com

➜ Dassault Systèmes: 3ds.com

➜ Materialise: Materialise.com

➜ Siemens PLM Software: plm.automation.siemens.com

For more information on this topic, visit DigitalEngineering247.com.
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A new partnership between MIT and NASA is taking aim 
at the latter challenge. A group of engineers has devised a 
new airplane wing design as well as a new approach to wing 
construction that could enable lighter, more energy-efficient 
aircraft that could be produced cost effectively, according to 
researchers working on the project.

Described in a paper published in the Smart Materials and 
Structures journal (bit.ly/2k7PMSh), the new wing structure is 
comprised of hundreds of tiny identical subassemblies, which 
are bolted together in an open lattice framework and covered 
with a thin layer of polymer material. As the researchers describe 
it, the wing, made up of thousands of these tiny triangle lattice 
structures, consists mostly of empty space, which enables it to 
function as a mechanical “metamaterial” that combines the 
structural stiffness of a rubber-like polymer with the lightness and 
low-density of an aerogel.

According to the researchers, the lattice structure has a 
density of 5.6 kg per cubic meter. Rubber has a density of 
roughly 1,500 kg per cubic meter.

“They have the same stiffness, but ours has less than 
roughly one-thousandth of the density,” says Benjamin Jenett, 
a graduate student in MIT’s Center for Bits and Atoms, who 
was part of the project.

The other key benefit of the design is that it’s deformable, 
meaning it can self-adjust to optimize aerodynamic 
performance depending on parameters like speed or weather 
or to account for the varying requirements for different phases 
of flight. Each phase—takeoff and landing, cruising and 
maneuvering—lend themselves to optimal wing parameters, 
and a deformable design can be adjusted to the best 

MIT and NASA Take Flight 
With New Wing Structure
“Metamaterial” design aims for lighter, more energy-efficient 
aircraft that can be produced cost effectively.

BY BETH STACKPOLE

SMART MATERIALS AND STRUCTURES 
promise to radically impact product development, 
such as building designs that can better withstand 
natural disasters and airplane wings that can 

dynamically adjust for optimal performance during flight.

A view of the new wing assembly under construction, 
assembled from hundreds of identical subunits. The 
wing was tested in a NASA wind tunnel. 
Image courtesy of NASA.

A new way of fabricating aircraft wings could enable 
new designs such as this concept from NASA and 
MIT. Image courtesy of Eli Gershenfeld, NASA Ames 
Research Center.
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configuration for each stage. Comparatively, a traditional wing 
design is a compromise as it’s not optimized for any particular 
stage of flight, according to Jenett.

Conventional wings deploy separate moveable surfaces to 
control the roll and pitch of a plane for deformation. However, 
the research group’s proposed design pushes those boundaries 
with the new assembly system that allows for deformation 
of the whole wing—or parts of it—through the use of a 
combination of stiff and flexible components. In addition, 
instead of using motors and cables to create forces that would 
deform the wings, the MIT/NASA team has designed a system 
that automatically responds to changes in aerodynamic loading 
conditions via a shape-shifting or self-adjusting process.

“We’re able to gain efficiency by matching the shape to 
the loads at different angles of attack,” says Nicolas Cramer, a 
research engineer at NASA Ames Research Center and one of 
the lead authors on the report in a press release. “We’re able 
to produce the exact same behavior you would do actively, but 
we did it passively.” The wing was tested at NASA’s high-speed 
wind tunnel at Langley Research Center.

In parallel with the design, the research team focused 
on the manufacturing method. The first version was hand-
assembled by graduate students, and the individual parts were 
cut using a waterjet system. As a result, it took several minutes 
to make each of those tiny individual components. 

In subsequent designs, the team created a much larger 
wing—about five times as big and close to the size of a wing 
for a single-seat plane—and used an injection molding 
process. This approach, while requiring an upfront investment 
in tooling, is better suited for scalable production levels at 
reasonable costs, the researchers claimed.

In a paper originally published in 2013, co-author Kenneth 
Cheung (an MIT alum who now works at NASA Ames) 
demonstrated the basic concept in a project that produced a 
wing roughly 1 meter long.

Longer term, the team said the wing design could be 
assembled by simple, autonomous robots. They added that 

same design and production approach could be used to 
accommodate wind turbine blades, space structures, bridges 
and other high-performance structures. DE

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

The initial wing was hand-assembled for testing 
purposes, but future versions could be made by 
specialized miniature robots. Image courtesy of 
Kenneth Cheung, NASA Ames Research Center.

This artist’s concept shows the integrated wing-body 
aircraft, enabled by a new construction method being 
assembled by a group of specialized robots. Image 
courtesy of Eli Gershenfeld, NASA Ames Research Center.

INFO ➜ MIT Center for Bits and Atoms: CBA.MIT.edu

➜ NASA Ames Research Center: NASA.gov/ames

For more information on this topic, visit DigitalEngineering247.com.
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//////////////////////////////////////////////////
CLOUD-ENABLED | ENGINEERING SIMULATION

— Source: Cloud-Enabled Engineering Simulation Study conducted by Digital Engineering on behalf of ANSYS. 
Learn more: www.digitalengineering247.com/cloud-survey

Cloud Prep List
Conduct performance tests 
for simulation in the cloud and 
share possible time savings 
with decision makers.

Look for a small, significant 
project and demonstrate the value 
of the cloud for it.

Address cloud concerns 
(like data security) first. 

17% of respondents are using the 
cloud for engineering simulation 

today and 20% plan to use it over 
the next 12 months.

37%
Use/Plan to Use

27% of cloud users have 
moved production engineering 

simulation workloads to the 
clould and 19% are using it for 

business-critical workloads.

46%
Out of Pilot Stage

49%
Agile Scaling

Justification for Cloud-Enabled Simulation*

40%
Lower Overall Costs

33%
Lower Maintenance Costs

Cloud Platforms in Use*Engineering Benefits

Increase Product 
Development Speed

Improve 
Engineering 
Productivity

Accelerate
Innovation

Simplify Product 
Complexity

Improve 
Collaboration

Standardize 
Software

81%

75%

67%

64%

56%

46%

*Note: Values do not add up to 100% because respondents could choose multiple answers.

% of respondents rating benefit as “highly important.” For each cloud platform, % of respondents using 
now and in 12 months.

% of respondents citing each justification for cloud-enabled simulation costs.

Now In 12 Months

Partner-
Managed Cloud

56%
76%

Combination of Private 
Cloud and Partner-

Managed Cloud

32%
84%

On-Premise
Private Cloud

63%
37%

ISV-Managed SaaS 
Solution (e.g. ANSYS 

Cloud, ESI Cloud)

30%
62%

Combination of 
Private Cloud and 

ISV-Managed SaaS 
Solution

16%
35%

76%
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User Experience ||| DESIGN

Today, the same word often refers to digital experiences. 
This change has catapulted users into the center of the design 
process, causing engineers to rethink what product design 
entails. This has meant shifting their guiding principle from 
“designing the thing right” to “designing the right thing.” The 
move to a user-centered design process also has made features 
such as usability, simplicity, predictability and intuitiveness 
crown jewels of the creative process (Fig. 1).

But why are these changes taking place now? For one, the 
forces driving the markets have changed. “UX design’s rise 
in prominence stems from a fundamental shift from a “push” 
economy, based on advertisements, to a ‘pull’ economy, based 
on the rising importance of recommendations and reviews,” 
says Bill Horan, creative director of interaction design, at the 
Bresslergroup, a Philadelphia-based product-development 
consultancy. “Good experiences equal good reviews, which equal 
more business.”

What Exactly Is UX?
Coming up with a single, clear definition of UX design can 
be a challenge. “User experience design is a very broad and 
loosely defined term, but ultimately it’s about designing from 
the viewpoint of a user as they experience a product,” says 
Horan. “As a practice, it fundamentally focuses on the behavioral 
or functional aspects of the experience. Is the product easy, 
intuitive, usable? But it also focuses more broadly on the visceral 
and reflective aspects.”

Some proponents, however, take the definition even further. 
“User experience includes all aspects of the product, such as 
branding, usability, look and feel, ergonomics and function,” says 
Alexander Khmelevsky, UX director at Clay, a San Francisco-
based UX design and development firm.

With UX, the User
Drives Design
Market changes are causing engineers to rede� ne what UX design means. 

FIG. 1: UX design teams tailor today’s mobile devices 
to achieve speci� c user goals through digital or 
ambient interaction. Micro-interactions—the moments 
where the user accomplishes a small, singular 
task—help designers create connections between 
larger tasks and can make or break the overall user 
experience. Image courtesy of Clay Global.

BY TOM KEVAN

THE CONCEPT OF USER EXPERIENCE (UX) 
has changed the rules of the game for product 
development, requiring design engineers to adopt 
a new set of perspectives. Not so long ago, the 

word “product” was associated with a physical offering. 
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This highlights the fact that UX design requires a holistic 
approach to design, and encapsulates an expanded variety of 
disciplines. Related to this shift, UX requires close collaboration 
across all the specialties to achieve a successful outcome. 
Rather than handing off designs from one discipline to 
another, teams now focus on problem-solving and iteration as a 
multidisciplinary group.

Principles, Practices and Tips
Several key principles should guide developers as they work 
through the UX design process. First, they should always 
consider the people who are going to use the product (Fig. 2). 
What are their goals? What do they need? Why and how would 
they use the product?

Understanding the user also means figuring out how little 

thought they want to put into their interactions with a product. 
Often, users don’t want to think about how the product delivers 
its services. They just want it to do the job. 

“People don’t want a ¼-inch drill bit. They want a ¼-inch 
hole—or they want to hang a picture,” says Horan.

Considering these factors, the design team should begin 
by formulating a clear design strategy. A good place to begin 
involves prioritizing the most common or essential interactions 
and making them seamless.

In tailoring these interactions, designers should strive to 
achieve some critical qualities; consistency is a key element of 
the user’s experience. “If the interaction with the product and its 
behavior is inconsistent, people won’t know what to expect from 
it, and each time, they will have to worry about what will happen 
next,” says Khmelevsky. “Products with consistent experience 
are easy to use and in general tend to be more intuitive.”

Another important element is simplicity. The simpler the 
product experience, the easier it is for people to learn to use 
it and interact with it on a regular basis. If a product is too 
complex, people will probably abandon it or will be frustrated 
with their experience. 

Juggling all these elements makes it almost impossible 
to get things right the first time. That is why UX design 
builds on an iterative process. Engineers never know all the 
design requirements upfront, so they must build in cycles of 
development that enable testing, failing and rebuilding to meet 
the overall objectives of the UX.

“When you design a product or experience, it’s always a work 
in progress,” says Emily Seifert, a UX designer at Codal, a UX 
design agency in Chicago. “You’re always refining it to the best 
solution it can possibly be.”

Research Informs Design
Comprehensive research is one of the fundamental concepts 
of UX design. A firm understanding of the intended users of a 
product is the bedrock of good UX design. If designers don’t 
know what people are trying to do and how they want to do it, 
the engineers will struggle to create design requirements that 
align with user needs.

To glean the necessary insight, design teams can tap 
a comprehensive toolbox that includes everything from 
observations and user interviews to backend logs and 
e-commerce data sources. Two of the most powerful tools, 
however, are quantitative and qualitative research.

“Quantitative (research) is great for observing actual 
behavior and trends and identifying how many edge cases exist 
in your user population,” says Jordan DeVries, director of UX 
at Brave UX, a UX design agency based in Washington, D.C. 
“Qualitative research is critical for understanding the emotional 
component of users (Fig. 3).”

By combining all of the data sources, development teams can 
get a richer picture of the user experience, which prepares them 
for a number of the stages of the design process.

“Designers can distill user insights both from qualitative 
observations and interactions with end users, as well as from 
larger-scale data sources and trend-mapping efforts,” says Conall 
Dempsey, director of user research and human factors at the 

UX Is Not Just for New Products

Although much of the discussion of UX 
focuses on its use in developing new 
products, designers use the same tools to 

identify and correct flaws in existing offerings. As 
with new designs, the key lies in finding patterns 
in user behaviors and then using the information 
to better understand why the behaviors might be 
happening.

One example is mining the data of an 
e-commerce experience that shows a significant 
portion of users abandoning their virtual cart 
before checkout. A deeper look into the user 
paths and log files might reveal different types of 
behavior.

In one, users browse the site, save a few items 
in their carts and then end the process there. 
Another group of behaviors shows people going 
straight to the search bar, typing in keywords, 
adding an item to the cart, and then abandoning it.

Follow-up interviews with users indicate 
that the first set of behaviors is driven by using 
the cart to compare prices or save items. This 
leads developers to modify the design to enable 
“favoriting” items and to incorporate reminders 
into the checkout process to ensure users know 
that they have items ready for purchase.

The second group of behaviors is driven 
by a usability error. User interviews reveal that 
individuals visit the site to use a coupon code, 
but by the time they get to checkout, they either 
don’t know how to input the code or forget to use 
it. This leads the developer to create a feature that 
auto-populates the code in the checkout process, 
ensuring users can complete their transaction.
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Bresslergroup. “Both approaches produce valuable insights, 
but neither is a complete view of the user. The best UX design 
process considers both qualitative and quantitative insights as 
inputs to user needs, which then drive the conceptual design.”

UX Design Phases
Survey the UX community regarding the steps in the design 
process, and varying degrees of granularity emerge. Reducing 
the various approaches down to their fundamental elements 
highlights three phases.

In the first phase—discovery and research—the designer 
observes and seeks to understand the user, operating 
environment and product goals. This phase may include things 
like site visits, user and stakeholder interviews, competitive 
analysis, field studies and prototyping—anything that will help 
the designer make more informed design decisions. 

Next comes the conceptual design phase, when the design 
team boils the problems down to their essence and comes up 
with product concepts. “This is less about what your product 
does or how your product works, and more about why you think 
your product will be successful,” says DeVries.

At this stage, the designer uses everything they have learned 
during the discovery/research phase and creates initial sketches 
and prototypes, then tests them with users and stakeholders. 
Depending on the testing results, the designers may revise some 
of the concepts or move forward with the product idea to the 
next stage, which is detailed design.

During the third phase, the designers flesh out the product’s 
design. This involves creating a tangible representation of the 
final product. 

Throughout the entire design process, it’s important for 
designers to test their hypothesis and ideas with stakeholders to 
ensure that the design is moving in the right direction. 

A Rich Toolset
A review of these three phases of UX design shows just how 
varied the tasks and specialties are. To gain insight into the 
tools that come into play, divide the overall design process 
into two stages: research and design. Each of these areas has 

its own unique toolset.
The tools available to help designers connect with users 

are vast. Whether the engineer is designing digital or physical 
products, or products that integrate both, the most important 
tool in the initial phases of UX design is user recruitment tools.

Being able to quickly and effectively screen and identify 
representative users adds rigor to the design process and builds 
confidence in the design itself. 

Most tools and resources available for gathering user data 
also provide panels for research. Getting specific populations, 
however, can be difficult, so design teams must leverage every 
tool in their toolbox.

“We work with UserInterviews to get at general population 
users quickly and efficiently, and with Qualtrics to create a 
survey and recruit,” says Jes Koepfler, director of UX research 
and strategy at the Bresslergroup. “We also partner with our 
clients to use their internal connections.”

For design tools, the past few years have seen an infusion 
of new, specialized software that provides enhanced vector 
design, wireframing, interactive prototyping and collaboration 
tools. Among these, software packages like Sketch, Adobe XD 
and Figma enable designers to better capture the fluidity and 
interconnectedness of UX projects. 

For analysis, tools like Full Story, Hotjar and Google Tag 
provide robust data on the elements users interact with, how 
they move from feature to feature and in some cases where they 
express frustration—repeatedly clicking a button in anger.

Understanding what features are being used and ignored 
is vital to improving any design, and these tools allow UX 
designers to get a significant enough sample size to understand 
actual trends. DE

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

FIG. 2: When tailoring an experience, one of the first 
challenges confronting UX designers is accommodating 
the interactions of users with different levels of expertise. 
The challenge is to balance the needs of different user 
types and present appropriate experiences for each set. 
Image courtesy of the Bresslergroup.

INFO ➜ Adobe XD: Adobe.com/products/xd.html

➜ Brave UX: BraveUX.com

➜ Bresslergroup: Bresslergroup.com

➜ Clay: Clay.global

➜ Codal: Codal.com

➜ Figma: Figma.com

➜ Focus Pointe: FocusPointeglobal.com

➜ Full Story: FullStory.com

➜ Google Tag: Support.Google.com/tagmanager/
answer/6102821?hl=en

➜ Hotjar: Hotjar.com

➜ Qualtrics: Qualtrics.com

➜ Schlesinger: Schlesingergroup.com/en

➜ Sketch: Sketch.com

➜ UserInterviews: UserInterviews.com

For more information on this topic, visit DigitalEngineering247.com.
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VW Group celebrated the occasion by unveiling the VW 
Type 20, a new concept minivan. The Type 20 draws on the 
aesthetics of the classic 1962 Type 2 Microbus, dating back to 
the Cold War, the Vietnam War and when The Beatles were 
still undiscovered by Ed Sullivan.

But the Type 20 also shows distinct characteristics of 
modern design, specifically its steering wheel, side mirror 
arm, wheels and seat support designed in Autodesk Fusion 
360’s generative design technology, wrote Autodesk in 
a company blog post (“Autodesk Collaborates With 
Volkswagen Group” July 2019;  bit.ly/2S7vWDu).

“With generative design, it’s possible to create structures 
that we, as human designers and engineers, could never have 
created otherwise,” says Andrew Morandi, senior product 
designer, Volkswagen Group. “One of the biggest surprises 
for me was seeing just how much material you could remove 
from a conventional wheel structure. When the final rims 
arrived here on site, it was kind of like Christmas morning. 

The whole team was excited to open the box and see how 
these really work.”

Volkswagen and Autodesk
Generative design, also called algorithm-driven design or 
topology optimization, is driven by design software that can 
suggest suitable topology based on the anticipated stress 
loads, function, target materials and other parameters. It is 
part of Autodesk Fusion 360, an integrated CAD/CAM/CAE 
package. The latest incarnation allows users to also specify 
preferred manufacturing methods to ensure the software-
generated topology is not likely to cause problems in the 
manufacturing process.

From the driver’s perspective, the most prominent 
generative design-driven feature in the VW Type 20 is 
the steering wheel—particularly, the vein-like structures 
that stretch across the wheel. “A steering wheel is not 
a particularly heavy component but it’s the primary 

VW Reshapes Microbus 
with Generative Design
Volkswagen uses Autodesk Fusion to design its Type 20 concept van.

Volkswagen Type 20 concept vehicle’s steering wheel, 
designed with Autodesk Fusion’s generative design 
technology. Image courtesy of VW.

KENNETH WONG

IN JULY, THE VOLKSWAGEN GROUP America’s Electronics Research Laboratory (ERL) reached its 20-year 
milestone. A clear sign of growth, ERL changed its name to Innovation and Engineering Center California (IECC), to 
serve as “the largest Volkswagen vehicle research facility outside Germany,” according to the VW Group’s announcement 
(“Volkswagen expands Silicon Valley enterprise” July 2, 2019; media.vw.com).
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touchpoint for the driver. People aren’t really accustomed 
to touching mounts or supports,” says Erik Glaser, principal 
product designer, Volkswagen Group. “We wanted to put 
a generatively designed object in a place where people will 
touch it because not only is it intricate and beautiful, but it 
can also give a sense of just how strong these parts can be.”

With generative design, software-generated topology 
tends to defy typical mechanical shapes, making some 
engineers doubt the robustness of the design. Thus, it 
often demands more rigorous simulation to convince the 
stakeholders to sign off on the final version.

“The geometry [for the Type 20’s tire wheels] is radically 
different from typical wheels. There was no precedent for 
these types of wheels,” recalls Paul Sohi, technology evangelist, 
Autodesk Fusion 360. “We knew from simulation it is in fact 
ready for use. But we did further simulation in Fusion to study 
how it would react to events, such as crashes.”

Software-suggested designs were easy to test further using 
simulation, because the process is largely digital. “We did 
an extensive amount of verification to make sure they could 
stand up to the load and meet the required safety factor,” 
explains Sohi.

“From the time VW Group engineers gave us their 
sketches with the design intent showing which direction they 
wanted to go, to completion just took four months,” recalls 
Sohi. “Typically, new wheel design requires a minimum of 
one year, due to the rigorous amount of testing involved. 
For VW Group, being able to cut down that lead time 
significantly was surprising.”

Manufacturing-Aware Tools
Once considered an experimental technology, generative 
design is integrated with many mainstream design and 
simulation software offerings, such as SolidWorks and Inspire. 

California-based startup ParaMatters is also part of the 
emerging generative design software sector. The company 
describes its flagship software CogniCAD as “a fully 
autonomous and intuitive generative design and simulation 
platform that optimizes the most labor-intensive steps in 
the digital work flow from design to manufacturing … 
[delivering] the best-in-class lightweighting and performance 
enhancements with ready to manufacture designs in a short 
period of time without manual interruption or remodeling.” 

ParaMatters counts VW Group as one of its customers. 
The carmaker has been using CogniCAD for about a year 
now, according to Michael Bogomolny, co-founder and chief 
technical officer of ParaMatters.

“Our vision is, generative design should be a one-click 
solution,” says Bogomolny. “Once you put in the loads and 
boundary conditions, the output you get should be fully 
manufacturable.” 

In many cases, software-proposed shapes are “optimal” 
in theory, but impossible or too expensive to manufacture 
due to the complex geometry. Thus, the design team must 
modify the generative design concept to make it suitable for 
manufacturing. A fully autonomous process as conceived by 
ParaMatters promises that the software-proposed shape can be 
directly sent to production with no manual rework or revision. 

Lighter Nightstalker 
With early generations of 3D printers, or additive 
manufacturing systems, users were confined to plastic and 
polymer-based parts, thus limited to prototyping. But the 
improvements in 3D printing now enable users to produce 
metal parts with the same technology. The robustness and 
manufacturing awareness of the latest crop of generative 
design tools has also eliminated the previous kinks with 3D 
printing the software-proposed designs.

Last year, Renishaw partnered with ParaMatters to produce 
a new engine-mounting bracket for motorcycle maker 
ECOSSE. The resulting bracket designed in CogniCAD was 
35% lighter than the original, according to ParaMatters. The 
design was produced using Renishaw’s RenAM 500M, a laser 
powder-bed fusion additive manufacturing system designed for 
the production of metal components.

Overcoming manufacturing hurdles goes a long way to prove 
generative design is not just a novelty still in its experimental 
phase. As proven by Volkswagen, ECOSSE and other early 
adopters, generative design can be part of regular products. 

As leading manufacturers employ lightweighting 
strategies, generative design’s unorthodox shapes may 
become the norm in everyday products. Today, many 
engineers refer to such parts as “alien shapes.” In the near 
future, they may no longer look so foreign. 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.

VW Type 20 concept van’s wheels, designed in 
Autodesk Fusion’s generative design technology. 
Image courtesy of VW Group.

INFO ➜ Altair: Altair.com

➜ Autodesk: Autodesk.com

➜ Dassault Systèmes: SolidWorks.com

➜ ParaMatters: ParaMatters.com 

➜ Renishaw: Renishaw.com

➜ Techniplas: Techniplas.com

➜ VW Group America: VolkswagenGroupofAmerica.com

For more information on this topic, visit DigitalEngineering247.com.
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Things Are Getting Complicated
A close look at the IIoT reveals dynamic forces at work in the 
new industrial landscape, and offers a glimpse of the scale of 
changes at hand. Plant managers now expect machinery to 
be more connected—to plant operations systems, individual 
production lines, customers and original equipment 
manufacturer services. At the same time, users want greater 
functionality and smarter interfaces.

To implement these features in machinery, vendors offer a 
staggering assortment of devices and technologies. This wealth 
of options offers designers significant advantages, but it can also 
become a burden. 

“Advancement is occurring at such a rapid rate right now that 
keeping up with new technologies and new uses for technology 
is becoming very difficult,” says Richard Wand, president of MJ 
Engineering, a custom machine and system design consulting 
firm. “We rely heavily upon distributors that sell the equipment, 
but selling the equipment is completely different from 
integrating the equipment and making it useful.”

When evaluating their technology options, engineers may 
want to consider how the device or system will facilitate the use 
and management of data. “The next generation of industrial 
machines connected to the IIoT will create a lot of data,” says 
Ahmad Haidari, global industry director of process, energy and 
power at ANSYS. “Designers must contend with what to do 

with all that data—determine what is important, what to collect 
and what data to keep.”

Although the growing availability of data and the emergence 
of pervasive connectivity open the door for great advances in 
machine design, these factors also force designers to confront a 
new class of challenges. Prominent among these is the need to 
implement robust security. 

Previously, a machine might have had limited 
communications capabilities. Now, the introduction of network 
communications not only allows designers to translate big data 
into IIoT benefits, but it also makes plant data and operations 
vulnerable to cyberattacks. As a result, design teams have begun 
to use industrial security assessments and a raft of other tools to 
aid in implementing proactive cybersecurity.

All these factors have affected machine design, but the 
IIoT has brought an even more fundamental change to the 
process. “The design phase of machines has evolved beyond 
the traditional serial procedures,” says Thomas Sugimoto, 

Designing Machines 
in the Age of the IIoT
To design equipment for the new digital age, engineers are 
reinventing the product design process. 

FIG. 1: The Industrial Internet of Things requires 
design engineers to adopt new methodologies and 
tools to dramatically shorten design cycles, enable 
multidiscipline collaboration and ef� ciently perform 
data manipulation and translation. Image courtesy of 
Siemens Digital Industries Software.

BY TOM KEVAN

DEVELOPING MACHINES for the Industrial 
Internet of Things (IIoT) requires engineers to 
bring the physical and digital worlds together 
on the shop floor to an extent rarely seen before. 

This involves incorporating a greater number and variety of 
components and subsystems into the machinery. Designers 
also must contend with more sophisticated issues, as well as 
accept the increased complexity of the design process. This 
means that engineers will have to work differently, adopting 
new design methodologies and tools to succeed (Fig. 1).
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Workbench software product marketing manager at Rockwell 
Automation. “In the past, the design process was linear. With 
connected design tools, engineers are less reliant on serial 
procedures and can strive toward parallel development.”

For example, drawing teams can get information from 
the programming teams on what hardware they require. The 
mechanical teams can digitally test the designs that the electrical 
teams have prototyped to provide feedback before the physical 
build begins.

“As you layer these design phases onto one another not only 
are problems spotted earlier while the design is flexible, the 
overall timeline begins to shrink as well,” says Sugimoto.  “This 
parallel development paradigm is enabled by systems that can 
share information across the digital thread.”

Generative Design Harnesses AI
The demands introduced by the IIoT, as well as market-
driven time, space and cost constraints, have forced engineers 
to adopt design approaches that go beyond traditional 
methodologies. Generative design attempts to replicate 
nature’s evolutionary development process by leveraging the 
power of artificial intelligence.

Using this approach, engineers interact with algorithms 
to generate and evaluate hundreds of potential designs. The 
process starts with the engineer inputting into the software the 
project’s goals and constraints. These can include parameters 
such as performance or spatial requirements, materials, 

manufacturing methods and cost constraints. Through an 
iterative process, the software explores all possible permutations 
and quickly generates several design alternatives, learning what 
works and what doesn’t from each iteration (Fig. 2). Current use 
cases have shown that generative design can reduce part weight 
by as much as 30% using traditional manufacturing and 70% 
using additive manufacturing. This approach also promises to 
enable innovation beyond that which can be achieved with the 
human mind, providing solutions to complex problems that 
would be resource-exhaustive with conventional means.

“Machine design is not limited to mechanical CAD any 

FIG. 2: Generative design taps into the power of arti� cial 
intelligence to allow designers to explore all possible 
permutations of a solution and quickly generate design 
alternatives. In this process, the algorithms learn more 
about what works and what doesn’t with each iteration. 
Image courtesy of Autodesk.
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Machines go out of production, parts 
break, but 3D scanning and 3D printing 
can breathe new life into hardware when 
there’s no access to the original design.
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longer,” says Bill Davis, director of the industrial machinery 
and heavy equipment industry at Siemens Digital Industries 
Software. “Modeling and simulation go hand in hand, and 
more engineers in machinery are embracing generative design, 
which helps build the model through topology optimization by 
running successive iterations on the simulation model.”

The Best of Both Worlds
Design modularization is another methodology gaining favor. 
This approach combines the advantages of standardization with 
those of customization.

Using this practice, design teams subdivide a system into 
discrete, scalable modules that can be independently created 
and used in different systems. To ensure interoperability, the 
engineers incorporate industry standard modular interfaces.

The driving forces behind this approach lie in seemingly 
mutually exclusive demands. Industrial facilities seek machines 
tailored to accommodate the unique demands of their 
applications, such as size, operating speed and specialized features. 
At the same time, however, plant managers place a high value on 
flexibility. To further complicate machine makers’ tasks, customers 
want the machines immediately at the lowest possible price.

To meet these demands, machinery companies turn to 
modular strategies, making sure each functional area of 
the machine can be customized while also streamlining 
the manufacturing process by building similar, more 
repeatable designs.

Another issue that comes into play—similar to demands for 
customization—is the almost constant need to modify industrial 
machinery. In this arena, few operations go unchanged for years 
or decades. Demands are constantly changing, and the most 
competitive industrial facilities are those that can capitalize 
on those changes before their competition. Engineers can 

implement design modularization to provide end users with this 
level of agility.

“A modular system allows for changes to be made rapidly 
with minimal disruption—a new product configuration, a new 
lot size, swapping a machine or cell out for a more efficient one. 
All of these are significantly harder without the forethought of 
modularity in designs,” says Matt Masarik, marketing manager 
for design software at Rockwell Automation. 

Getting Everyone to Work Together
In the quest for shorter development cycles and the pursuit 
of parallel development streams, design software vendors and 
engineers alike inevitably come to the nagging question: How 
can design teams get the various engineering disciplines to work 
together efficiently? The IIoT’s drive to incorporate greater 
sensing, connectivity and intelligence in individual devices and 
machines only adds to the urgency of solving this dilemma.

The real issue boils down to one element: communication. 
One way to improve design team interaction is through the 
tools that engineers use. This leads to the next question: What 
features best facilitate collaboration between all the engineering 
disciplines that have a stake in the design project?

Some advocate for a high-technology approach. “The 
adoption of digital twins has taken root because it begins 
to break down the barriers to these communications,” says 
Masarik. “Digital testing of a proposed machine design allows 
the programming team to see how their code functions with 
the hardware that the mechanical team selected before the 
machine is built. The digital model allows a designer to walk 
through the model as if they were on the floor, spotting usability 
improvements or unanticipated hazards.”

Another school of thought points out the value of simpler 
technologies. “Many times, non-mechanical team members 
need machine specifications or layouts before the machine is 
fully designed,” says Ryan Pinto, senior mechanical engineer at 
Linx Global Manufacturing, a Chicago-based multidisciplinary 
engineering consultancy. 

“They also may not have computers capable of loading 
complex 3D models,” Pinto adds. “These models might be 
unnecessary to answer questions that teammates from other 
disciplines may have. I feel many underestimate the value of 
a good 2D vector CAD program. Providing a 2D layout, as 
opposed to a full 3D assembly of your newly designed or in-
progress equipment, would be quicker, require less data and 
possibly protect intellectual property if you were working with 
third-party contractors.”

The solution to getting all disciplines to work together 
may involve both approaches. One thing, however, is clear. 
When looking for a design tool that supports cross-discipline 
collaboration, the tool and supporting data structure must be able 
to relate in a way that the design elements can be identified in all 
the different domains, something called cross-probing (Fig. 3).

New Methodologies Require New Tools
Increased reliance on methodologies like generative design, 
modularization and multi-physics engineering has inevitably 
led to a new generation of modeling and simulation tools. 

FIG. 3: Tools like Siemens NX aim to unite electrical, 
mechanical and control designs on a multidisciplinary 
platform. Here, wiring diagrams and harness 
con� gurations are linked to prevent costly and time-
consuming rework due to errors. Image courtesy of 
Siemens Digital Industries Software.
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These offerings aim to dramatically shorten design cycles 
by providing greater flexibility, streamlining workflows and 
increasing the efficiency of data manipulation and translation. 
The result is a design process that looks very different from 
traditional approaches.

“The design process of the future requires a connected 
experience, where data moves seamlessly through a digital 
pipeline and can be accessed anywhere during product 
development,” says Vik Vedantham, senior manager of Fusion 
360 business strategy at Autodesk. “Contextual representation 
of information pertinent to rapid decision making is critical 
to minimize non-productive time. Engineers don’t have the 
time to learn in-depth workflows. Hence, the solution needs to 
have built-in automated routines so that the user can accelerate 
through the design process.”

These smart features are not new; in the past, however, 
the algorithms that powered them typically were complex 
mechanisms with challenging interfaces that required operators 
to have special training. The latest generation of design tools 
aims to remove this obstacle by providing simplified front ends 
and greater ease of use.

“As the landscape shifts, engineers will be able to take 
advantage of automated routines for optimization and leverage 
intelligent techniques to explore the design space during the 
ideation phase (Fig. 4),” says Vedantham.

Another way to accelerate development cycles is the use of 
early-stage validation tools. This practice allows engineers to 
identify problems and trends throughout the design process, 
evaluate the various design concepts and then perform 
detailed simulations of the critical parameters using design 
optimization tools.

The efficiencies promised by the latest generation of tools 
also address the need for greater integration of multi-domain 
design processes. “Design tools not only need to incorporate 
conventional modeling approaches but need to combine 
modeling paradigms that build different model types than 
conventional surface models,” says Siemens’ Davis. “You also need 
to be able to bring simulations from multiple disciplines, such as 
thermal and fatigue, into the design. So having a tool that can run 
all these simulations and optimize the design is very powerful.”

Turning to the Cloud
The enhancement of design tools with new, sophisticated 
technologies promises to help design engineers meet the 
demands of the IIoT, but the advancements come at a price. 
Design teams increasingly find themselves in need of greater 
compute resources. As methodologies such as generative 
design and multiphysics play greater roles in the design 
process, the number of parameters increases, and so do the 
permutations of simulations that engineers must perform 
to finalize a design. As a result, technologies like parallel 
computing have come into play.

 One way design tool providers have sought to meet 
these demands has been to take advantage of recent trends 
in cloud computing.

“The cloud presents an opportunity to bring together 
ecosystems to encourage collaboration, take away the 

burden of data manipulation and translation, house powerful 
algorithms that can automate much of the mundane work and 
deliver higher horsepower for multi-domain simulation,” says 
Vedantham. “For example, built on the cloud-based Forge 
platform, Fusion 360 is able to bring together design, validation, 
data management and manufacturing workflows while also 
presenting powerful and intelligent automation algorithms like 
generative design to help engineers accelerate innovation and 
increase productivity in machine design.”

Making Things Easier
Not all efforts to tailor modeling and simulation tools for the 
IIoT increase the software’s complexity. As the developers of 
these tools incorporate enhancements, they also recognize that 
designing a next-generation IIoT machine should not require 
a significant investment in time by the designer. The fact is that 
design engineers often value ease of use—and shorter design 
cycles—as much or more than some advanced capabilities.

“I would consider sacrificing some functionality if the ease 
of use is there,” says MJ Engineering’s Wand. “The less time 
I have to spend training people how to use the software, the 
shorter our learning curve. And in this tight job market, that 
can be very important.” DE

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

INFO ➜ ANSYS: ANSYS.com

➜ Autodesk: Autodesk.com

➜ Linx Global Manufacturing: Linx-Global.com

➜ MJ Engineering: MJEngineering.com

➜ Rockwell Automation: RockwellAutomation.com

➜ Siemens Digital Industries: sw.siemens.com

For more information on this topic, visit DigitalEngineering247.com.
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FIG. 4: Machine design software tailored for the 

IIoT uses arti� cial intelligence-enabled algorithms 
to automate design validation. These tools quickly 
synthesize information, check designs for � aws and 
regulatory compliance and enable informed decisions. 
Image courtesy of Siemens Digital Industries Software.
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Outwardly, the WS65 9TM-856 mobile workstation looks 
identical to the system we reviewed in May, in an attractive 
brushed black aluminum case with bronze accents on the 
side air grilles and around the lid. The system measures 
14.08x9.75x0.69-in. (WxDxH) and weighs just 4.23 lbs. The 
inclusion of the NVIDIA Quadro RTX 5000 graphics board 
necessitates a 230-watt power supply (6.06x2.87x1.12-in.), which 
adds an additional 1.95 lbs.

Unlike many other original equipment manufacturers, MSI 
does not offer custom configurations. Instead, the company 
sells pre-configured systems based on specific combinations of 
components. There are currently seven different configurations 
for this latest edition of the WS65 based on an Intel 9th-
generation CPU. All use an HM370 chipset, include 32GB of 
DDR4 2666MHz memory installed using a pair of 16GB small 
outline dual-inline memory modules (SODIMM), and feature a 
15.6-in. display backed by an NVIDIA Quadro GPU. 

Pre-Configured Systems Only
At $2,199, the least expensive configuration includes an Intel 
Core i7-9750H CPU, a 512GB M.2 solid-state drive (SSD), an 
NVIDIA Quadro T2000 GPU with 4GB of discrete graphics 
memory and a 15.6-in. full high-definition 1920x1080 display. 
The unit we received, the WS65 9TM-856, comes with the 
same six-core i7-9750H processor and 512GB M.2 PCIe non-
volatile memory express solid-state hard drive, but includes an 
NVIDIA Quadro RTX 5000 graphics board and an ultra high-
definition (UHD) 3820x2160 ISP display. 

That configuration has a suggested retail price of $3,499, but 
since MSI only sells through authorized resellers who can set 
their own prices, the cost may vary. 

Other than the CPU, GPU and UHD display, this is 
essentially the same configuration we reviewed in May. 
Interestingly, the UHD display is only offered in systems 
equipped with the RTX 5000 GPU. MSI offers a version of this 
system with a 1TB M.2 drive ($3,996). It also sells two variations 
with the NVIDIA Quadro RTX 4000 ($3,899 with a 1TB SSD 
and $3,399 with a 512GB M.2 drive) and two with the RTX 
3000 graphics boards ($3,099 and $2,559 with 1TB or 512GB 
SSDs, respectively).

The Intel Core i7-9750H Coffee Lake CPU has a maximum 
turbo speed of 4.5GHz, a 12MB cache and integrated Intel HD 
Graphics 630, with a thermal design power rating of 45 watts. 

The big news is the inclusion of the latest NVIDIA Quadro 
RTX 5000 graphics card. This GPU has 16GB of dedicated 
GDDR6 memory, with 3072 CUDA cores, 384 Tensor cores 
and 48 RT cores. With its 256-bit interface and a bandwidth 
of up to 448 GB/s, the RTX 5000 achieves single-precision 
performance of 11.2 TFLOPS (teraflop; floating point 
operations per second), Tensor performance of 89.2 TFLOPS 
and can trace up to 8 Gigarays per second, while consuming a 
maximum of 265 watts. 

Plenty of Ports
Lifting the lid reveals the 15.6-in. display and a backlit keyboard 
with 84 keys. An oval-shaped power button is centered above 
the keyboard, with an adjacent LED that glows white when the 

Real-time Rendering in 
a Thin, Light Laptop
The MSI WS65 9TM-856 boosted by 
NVIDIA Quadro RTX GPU.

ABOVE: The new, powerful MSI WS65 9TM-856 is the 
company’s � rst 15.6-in. mobile workstation available, 
equipped with the NVIDIA Quadro RTX 5000 GPU. 
Images courtesy of David Cohn.

BY DAVID COHN

WE RECENTLY REVIEWED the MSI WS65 8SK mobile workstation 
(see DE May 2019: digitalengineering247.com/r/22571). But, when the Taiwan-based company offered to 
send us an updated version of that same laptop, we jumped on it. Why? The answer is simple: While other 
companies have announced support for NVIDIA’s new RTX graphics boards, MSI was the first company to 

ship systems that included one of these powerful graphics processing units (GPUs).
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Mobile
Workstations
Compared

MSI  
WS65 9TM-856

15.6-inch 
2.60GHz Intel 

Core i7-9750H 
6-core CPU, 

NVIDIA Quadro 
RTX 5000, 32GB 

RAM, 512GB 
NVMe PCIe SSD

Dell  
Precision 3541

15.6-inch 
2.60GHz Intel 

Core i7-9750H 
6-core CPU, 

NVIDIA Quadro 
P620, 16GB 
RAM, 512GB 

NVMe PCIe SSD

Dell  
Precision 3540

15.6-inch 
1.80GHz Intel 

Core i7-8565U 
4-core CPU, 

AMD Radeon Pro 
WX 2100, 16GB 

RAM, 512GB 
NVMe PCIe SSD

Lenovo 
ThinkPad P72 

17.3-inch 
2.90GHz Intel 

Xeon E-2186M 
6-core CPU, 

NVIDIA Quadro 
P5200, 16GB 
RAM, 500GB 

NVMe PCIe SSD, 
1TB 5400rpm 

SATA HD

Origin PC 
NT-15 Quadro

15.6-inch 
2.20GHz Intel 

Core i7-8750HJ 
6-core CPU, 

NVIDIA Quadro 
P4200, 32GB 

RAM, 1TB NVMe 
PCIe SSD,  

2TB 5400rpm 
SATA HD

MSI 
WS65 8SK
15.6-inch 

2.90GHz Intel 
Core i9-8950HJ 

6-core CPU, 
NVIDIA Quadro 
P3200, 32GB 
RAM, 512GB 

NVMe PCIe SSD

Price as tested $3,499 $2,0687 $1,782 $4,887 $3,938 $3,249

Date tested 7/12/19 7/3/19 7/3/19 3/26/19 3/11/19 12/12/18

Operating System Windows 10 
Pro 64

Windows 10 
Pro 64

Windows 10 
Pro 64

Windows 10 
Pro 64

Windows 10 
Pro 64

Windows 10 
Pro 64

SPECviewperf 13.0 (higher is better)

3dsmax-06 169.25 47.53 16.54 143.97 138.82 115.40

catia-05 213.02 53.63 31.56 247.85 178.96 194.32

creo-02 210.09 52.16 15.27 213.88 174.77 152.49

energy-02 39.87 8.25 0.42 36.33 30.46 9.16

maya-05 206.74 56.88 35.19 223.95 167.29 172.92

medical-02 80.88 12.63 8.52 51.37 44.55 32.06

showcase-02 92.57 21.87 11.20 69.64 75.87 61.69

snx-03 288.08 71.37 41.00 303.66 241.75 249.74

sw-04 123.16 60.95 49.00 150.18 124.58 128.91

SPECapc SolidWorks 2015  (higher is better)

Graphics Composite 3.73 4.16 4.14 4.86 3.80 4.67

Shaded Graphics Sub-Composite 2.23 2.69 2.28 3.18 2.26 2.98

Shaded w/Edges Graphics Sub-Composite 2.96 3.51 3.09 4.01 3.08 3.88

Shaded using RealView Sub-Composite 2.63 3.05 2.87 3.62 2.70 3.37

Shaded w/Edges using RealView Sub-Composite 3.12 3.50 4.87 4.11 3.19 3.89

Shaded using RealView and Shadows  
Sub-Composite

3.04 3.48 3.02 4.15 3.13 3.87

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

3.30 3.66 4.83 4.34 3.39 4.11

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

10.06 10.13 7.75 12.14 10.11 12.97

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

9.59 9.73 11.27 11.69 9.80 12.14

Wireframe Graphics Sub-Composite 3.50 3.69 3.50 3.95 3.50 3.69

CPU Composite 2.71 4.17 3.37 3.06 2.78 4.58

SPEC Workstation v3 (higher is better)

Media and Entertainment 1.82 1.37 0.92 1.73 1.73 n/a

Product Development 2.01 1.57 1.21 1.57 1.93 n/a

Life Sciences 1.97 1.00 0.94 1.44 1.61 n/a

Financial Services 1.49 1.41 0.80 1.59 1.24 n/a

Energy 1.28 0.95 0.50 1.11 n/a n/a

General Operations 1.75 1.67 1.52 1.45 1.78 n/a

GPU Compute 3.41 1.00 0.35 2.76 2.20 n/a

Time

AutoCAD Render Test  (in seconds, (lower is better) 43.80 59.70 77.50 42.80 63.80 35.50

Battery Life (in hours:minutes, higher is better) 6:07 15:28 15:17 5:38 4:05 9:01

Numbers in blue indicate best recorded results. Numbers in red indicate worst recorded results.
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system is powered on and using the Intel graphics, and amber 
when you use the discrete NVIDIA GPU. 

A gesture-enabled 4x2.75-in. touchpad is centered below the 
spacebar. Although it lacks dedicated buttons, you can click in 
the lower-right corner to access right-click shortcut menus. A 
fingerprint reader is in the upper-left corner of the touchpad.

The right side of the case provides a USB 3.1 port, a 
Thunderbolt 3 port, a mini-DisplayPort, an HDMI port and 
the connection for the AC adapter. The left side of the case 
includes two additional USB 3.1 ports, a full-size RJ-45 network 
port, separate headphone and microphone jacks and a lock slot.

During our tests, the MSI WS65 9TM-856 remained cool 
and quiet. The four-cell 82WHr Li-ion battery—the same 
battery found in all MSI WS65 systems—kept our system 
running for just over 6 hours in our battery run-down test. 
Although certainly not record-setting endurance, it’s long 
enough to make it through most of a work day or a typical 
cross-country flight.

Record-Setting Performance
To say we were pleased with the performance of this new 
MSI WS65 workstation would be an understatement. On the 
SPECviewperf test, which measures pure graphic performance, 
the system turned in some of the best results we have ever 
recorded, and the best ever for a 15.6-in. system. 

On the SPECapc SolidWorks tests, it turned in equally 
impressive scores. On the demanding SPEC workstation 
performance benchmark, the MSI WS65 9TM-856 also led 

the pack. And on our own AutoCAD 
rendering test, the 43.8-second average 
rendering time was quite good, 
although 8.3 seconds slower than the 
WS65 system we reviewed in May, 
which used a somewhat faster CPU.

MSI preloads Windows 10 
Professional 64-bit on all of its WS65 
mobile workstations and backs them 
with a 3-year warranty that includes a 
1-year global warranty, two years longer 
than what now comes standard from 
major vendors like Dell and Lenovo. 

Unlike many other lesser known 
brands, MSI mobile workstations 
are independent software vendor 
(ISV) certified for major CAD/CAM 
software from ANSYS, Autodesk, 
Dassault Systèmes, PTC, Siemens 
and others. 

MSI is clearly serious about 
being a major player in the mobile 

workstation market. The new MSI WS65 9TM-856 is a great, 
thin, lightweight, VR-capable system that delivers amazing 
performance at a very attractive price point. DE

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

MSI WS65 9TM-856
• Price:  $3,499 as tested ($2,199 base price)
• Size: 14.08x9.75x0.70-in. (WxHxD) notebook
• Weight: 4.23 lbs. plus 1.95-lb. power supply
•  CPU: Six-core 2.6GHz Intel Core i7-9750HK 

w/12MB Smart Cache
• Memory: 32GB DDR4 at 2600MHz
• Graphics: NVIDIA Quadro RTX 5000 w/6GB GDDR5 memory 
• LCD: 15.6-in. FHD (3840x2160) IPS 
• Hard Disk: 512GB M.2 PCIe NVMe 
•  Audio: Built-in speakers, two audio jacks (microphone, 

headphone), built-in microphone
•  Network: Intel 9560 Jeff erson Peak (2x2 802.11 ac) plus 

Bluetooth 5.0
•  Other: Three USB 3.1, one Thunderbolt 3 (Type-C), HDMI, mini 

DisplayPort, RJ-45 LAN, 720p webcam 
•  Keyboard: Integrated 84-key backlit keyboard 
• Pointing device: Integrated touchpad with fi ngerprint reader

PERFORMANCE

P
R

IC
E

Price vs. Performance of Recent Workstations

Price/performance chart of recent mobile 
workstations, based on SPECwpc Product 
Development benchmark dataset.
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The first Windows version debuted in 1995. The 
following year, the program was acquired by Baystate 
Technologies, a company that had previously developed 
add-on modules for CADKEY, AutoCAD, Ashlar-Vellum 
and Microstation. In 2003, Baystate was acquired by Kubotek 
Corporation of Osaka, Japan, which formed Kubotek 

USA Inc., based in Marlborough, MA. The first version 
of KeyCreator shipped in 2004 and Kubotek USA has 
continued to develop the software to the present day.

The KeyCreator interface hasn’t changed all that much over 
the years and compared to other 3D CAD programs appears a 
bit spartan and old-fashioned. However, there will be an update 
soon that features an entirely new ribbon-based interface.

When you first start the program, a dockable bar with 
15 pull-down menus extends across the top of the program 
window with various toolbars and palettes docked around the 
edges of the main drawing window. 

For example, the Main, Conversion and History toolbars 
are docked across the top of the screen, the Drawing/

KeyCreator 2019 Review: 
Agile Despite its Age
The latest release improves on one of the original 3D CAD programs.

BY DAVID COHN

KEYCREATOR FROM KUBOTEK has been 
around for more than 35 years. The non-
parametric, non-history-based direct 2D/3D 
solid modeling program was originally called 

CADKEY when first released in 1984, making it one of the 
first PC-based CAD programs with 3D capabilities. 

KeyCreator’s interface uses pull-down menus and multiple 
toolbars. New to the 2019 version is the ability to paste 
objects using DynaHandle. Images courtesy of David Cohn.
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Detailing and Solid/Surface palettes are docked on 
the left edge, and the View and Navigation toolbars 
are docked along the right. 

There are 16 different toolbars in total that you 
can toggle on and off using customization tools. 
All the toolbars and palettes can be repositioned 
anywhere on the display or docked to an edge of the 
screen. There is also a status bar across the bottom 
of the screen.

A main KeyCreator interface component is the 
Conversation Bar. This is where the active command 
displays options, such as entering data or selecting 
something in the model. You can pan, zoom and 
rotate using the mouse. You also can zoom by pressing 
SHIFT and the middle mouse button, pan by pressing 
CTRL and the middle mouse button and rotate the 
model by simply pressing the middle mouse button.

Non-parametric, Non-history Based
KeyCreator is somewhat unique in the MCAD space 
in that its models do not retain history. Instead, you 
use a geometry-centered direct-modeling approach. 
As a result, you typically create models by combining 
simple primitives. Creating a part requires lots of 
clicks as you navigate through the pull-down menus, 
select the type of primitive, place the primitive into 
the model and then use various tools to adjust its 
shape, size and location. As you work, you can use 
KeyCreator’s DynaHandle—a widget consisting of 
three straight-axis handles, three curved-angle handles and a 
central anchor.

Once you have created a model, you can use dimension-
driven editing commands to quickly modify the model’s size. 
As you move the cursor over the model, areas highlight to 
indicate what will change. You also can easily remove features 
by starting the Remove Feature command and then simply 
selecting the feature. 

For someone familiar with the parametric approach to 3D 
modeling, getting up to speed with KeyCreator can be a bit 
daunting. But once you embrace its direct modeling approach, 
you can actually accomplish a lot by simply pushing and 
pulling on surfaces to make changes. After you have created a 
3D model, it’s a simple process to create a drawing and then 
add dimensions, notes and other specifications. 

Any changes made to the 3D model are automatically 
updated in the 2D drawing. All parts, assemblies and 
associated drawings can be contained in a single file or 
multiple CKD files.

What’s New
KeyCreator can read and write ACIS and Parasolid models 
as well as files from AutoCAD, Catia, Inventor, Creo, 
SolidWorks and NX. You can also import and export in 
STEP, IGES and STL. 

New to the 2019 release is the ability to work with files 
from Solid Edge and the JT format. The program can now 
read and write files in the Catia V5 R28 format, as well 

as read files from Inventor 2019, NX 12 and Creo 5. The 
company also claims that the new release delivers significant 
performance improvements, with faster view rotation and 
enhancements when opening and saving files.

The program’s bounding box capabilities also have been 
updated. For example, bounding box dimensions can now 
be automatically created. The program uses the current 
detail setting for dimensions and can optimize the box sides 
by defining a new orientation plane. There is also a new 
option to create an overstock size by adding values to stock 
dimensions, making it easy to capture manufacturing stock 
data. And the new release automatically populates properties 
of bounded solids with material, sizes and oversize properties.

KeyCreator 2019 also includes a new Deform Curve 
enhancement that enables you to select multiple curve points 
and control points and then adjust them at one time, allowing 
much more control when modifying curves. Improvements 
to the program’s Dynamic Xform (essentially the move and 
copy tools) enables unidirectional scaling. You can now easily 
see changes before they confirm the operation, which can 
save considerable time.

You can also use DynaHandles when extending a surface. You 
can drag the handles to get a preview of the surface as it is being 
extended and also enter explicit numerical values as needed. You 
can also cut, copy and paste objects using DynaHandles, making 
it much easier to place objects graphically.

When deforming curves, users can now select multiple 
control points and curve points and adjust them at 
once, allowing more control when modifying curves.

Bounding box dimensions can be created 
automatically and automatically populate properties 
of bounded solids.
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Multiple Levels
Kubotek sells three different levels of the software. 
KeyCreator Standard ($3,495) includes all the history-
free modeling tools, allowing the user to work on any 
geometry as if it was created natively, move the mouse 
over faces to detect features, drive the model by defining 
dimensions, and use wireframes, solids and surfaces to 
achieve the desired results. 

KeyCreator Standard also includes all the 2D design, 
drafting and detailing tools, the ability to create solid 
models using 2D orthographic views, and the ability to 
animate assemblies and perform motion studies with 
collision detection. There are also tools to automatically 
repair damaged solids, extract data from entities, calculate 
mass properties and exchange data in STEP, IGES, ACIS, 
Parasolid, SolidWorks and Inventor formats.

KeyCreator Premium ($3,995) adds additional translators 
for CGR, JT, NX, Solid Edge, Creo and Catia import as well 
as Catia V4 export. KeyCreator Max ($5,995) adds Catia V5 
export as well as the ability to import native drawing files and 
PMI data from Catia, Creo, NX and SolidWorks. The Max 
version also includes two- and three-axis numerical control 
machining capabilities for drilling, pocketing, profiling, 
roughing, finishing and two-axis wire enterprise data 
management toolpath generation. 

Unlike many of its competitors that have moved to 
subscriptions, you can purchase a permanent stand-alone 
license that includes free maintenance for the first year, 
and then pay an annual maintenance fee for upgrades and 
ongoing support. KeyCreator is available as a standalone 
product or as a floating network license. A free one-year 
student version is also available, although files saved in that 
version cannot be opened in the commercial release and the 
student version lacks export translators, add-in modules and 
macro support.

Prospective customers can download a free trial from the 

Kubotek website, although the 15-day trial period is much 
shorter than other vendors. New users may also be hard-
pressed to get up to speed using the software. Although the 
company offers some free PDF-based training materials, 
rather than providing an in-depth tutorial, these provide 
brief examples of selected capabilities and can be difficult 
to follow. Kubotek also offers webinars, web-based training 
and a collection of videos, but these are based on different 
releases, with some videos dating back several years.

KeyCreator’s non-parametric non-history-based 
approach has lots of adherents. Although the software is 
definitely showing its age, those that embrace it love it. 
KeyCreator provides a lot of power, particularly when you 
need to complete projects quickly using data that comes 
from other programs. 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 ➜ Kubotek 3D: Kubotek3D.com
PRICES:
KeyCreator Standard AS
•  Standalone: $2,620 perpetual license / $875 annual  

maintenance
•  Network Floating: $3,200 perpetual license / $1,095 annual  

maintenance

KeyCreator Premium AS
•  Standalone: $2,845 perpetual license / $1,150 annual  

maintenance
•  Network Floating: $3,445 perpetual license / $1,450 annual  

maintenance

KeyCreator Max AS
•  Standalone: $4,545 perpetual license / $1,450 annual  

maintenance
•  Network Floating: $5,675 perpetual license / $1,825 annual  

maintenance

SYSTEM REQUIREMENTS
•  Operating System: Microsoft 10 Professional 64-bit  

(recommended), Windows 8 Pro 64-bit, Windows 7 Pro 64-bit
• CPU: Intel Core i7 quad core
• Memory: 8GB (16GB or more recommended)
• Disk Space: 850MB for download
•  Graphics Card: Any supported graphics card (NVIDIA with 1GB  

discreet memory recommended) 
•  Pointing Device: Three-button wheel mouse or  

3Dconnexion 3D mouse
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|  A B B E Y ’ S  A N A LY S I S |

by Tony Abbey

CAD

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

The full image is professional and polished, as expected. The 
1-minute effort produces a simple outline of the original. The 
10-second attempt is frenetic and produces an unfinished and 
highly distorted scribble. 

The post accompanying the video makes the point that 
artificially imposing an unrealistic timescale on a job will result 
in a very poor performance. I fully understand the analogy—if 
you want a finite element analysis job done well, then allocate 
adequate resources.

Normally I just nod to myself and don’t bother to respond to 
the post. However, this time the video struck a chord and I did 
comment and got a lot of feedback!

I had just watched a video on YouTube that aimed to 
teach how to sketch birds accurately. One of my hobbies is 
sketching and I wanted to improve on my attempts. Check 
out bit.ly/youtube_birdman if you are interested.

Laws encourages the class to do exactly what the LinkedIn 
video criticizes. By doing a speed sketch, following a structured 
approach, the artist is not overloaded with clutter. The speed 
sketch should, ironically, take about a minute. The form and 
shape of the bird can be laid down very quickly with confidence. 
It forms a foundation for the fully worked up drawing. I spent 
a couple of hours doing this exercise and it really improved my 
skills. (You can see my attempts in the image on this page.) 

The Need for Speed
I thought further about the LinkedIn video analogy. Perhaps 
the analogy should be: for the fully completed and reviewed 
project, fully documented, 10 minutes. For a broad overview of 
project feasibility and methodology, 1 minute. The times here 
are relative for an engineering project, not real time.

The speed sketch is now analogous to a brainstorming 
session, where you alone, or as part of a team, distill the 

essentials of the project task. You don’t want to go into details—
and it may take a lot of self-discipline or team management to 
avoid all those tempting “rabbit holes.” 

I posted my comment about speed sketching, and I was 
surprised how it seemed to resonate. One reply discussed speed 
modeling in CAD as another analogy to speed sketching. The 
idea here is that if you are experienced, then you know how 
to rapidly lay out an assembly or part using shortcuts. This 
was interesting to me, as I struggle to create CAD assemblies 
efficiently and usually get bogged down in part detail.

Others made the point that the artist in the video is very 
experienced and he is transferring knowledge between the three 
time-based tasks. So, it is clear that an inexperienced newcomer 
to CAE, for example, will not be able to provide any meaningful 
input with the 1-minute analogy.

My premise is that the 1-minute rapid sketch is useful in 
the right context, which is to produce a structured outline for 
planning and foundational work. If a client expects the full 
10-minute result instead—tell them about the drawing analogy.

I do agree 10 seconds is not going to produce much, even for a 
skilled artist. The only analogy I can think of here is the elevator 
speech, which aims to get the essential message over very fast. 
But it also means you are fully experienced in the 10-minute and 
1-minute stages, so you know what you are talking about. DE

Check out Tony’s Linkedin Learning Courses at: linkedin.
com/learning/instructors/tony-abbey?u=2125562

Speeding with Caution

H AVE YOU SEEN the LinkedIn video where an 
artist draws an image in 10 minutes, then 
attempts the same drawing in 1 minute and then 
in 10 seconds? The video has been posted many 

times over the past few years. 

Speed sketching exercise. 
Image courtesy of 
Tony Abbey.

Editor’s Note: Tony Abbey teaches both live and e-learning classes for NAFEMS. He provides 
FEA consulting and mentoring. Contact tony@fetraining.com for details.
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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.

Luxion’s new version of KeyShot 
3D will support NVIDIA RTX-
accelerated ray tracing and denoising. 
KeyShot 9 update implements 
NVIDIA RTX with OptiX into 
KeyShot with native, out-of-the-box 
support for the NVIDIA OptiX ray 
tracing engine. Users can update 

their hardware whenever they choose. 
KeyShot users who update to version 
9 will not have to update hardware 
immediately. They can continue to 
use KeyShot’s technology for product 
image rendering.
MORE ➜ digitalengineering247.
com/r/22998

Maximize GPU Power for Product Visualization
Luxion KeyShot 9 supports NVIDIA RTX technology.

New Standard for GPU Price, Performance and Size
AMD Radeon GPU is designed specifically for compact-sized workstations.

AMD’s newest GPU, the WX 3200, 
is designed specifically for the great 
majority of engineers and product 
designers. The WX 3200 represents the 
fourth generation of AMD’s Graphics 
Core Next (GCN) architecture, a 
complete rework of CPU technology.

It supports multiple monitors at either 
4K or 8K resolution. Also, there’s 4GB of 
128-bit memory for fast performance in 
2D and 3D. It includes ISV certification 
from leading CAD programs.
MORE ➜ digitalengineering247.
com/r/22980

A Digital Factory for Thermoplastics 
Figure 4 Modular 3D printer and accompanying materials are game changers.

3D Systems has independently confirmed 
six-sigma quality for long print runs on 
its new additive manufacturing platform, 
the Figure 4.

The Figure 4 is a non-contact 
membrane system, a print method known 
for producing thermoplastic parts with 

high fidelity and surface quality. It is fast 
(100 mm/hr) and offers part consistency 
for high-volume runs. Figure 4 Modular 
can be scaled for increased production, up 
to 24 print engines.
MORE ➜ digitalengineering247.
com/r/22963

3D Structured Light Scanning for Product Design
Platform is FARO’s first lighting scan platform designed for product development.  

The new Cobalt Design family uses 
projected light patterns (aka structured 
light) with a camera system to capture 
large areas at once. This approach 
is said to significantly reduce data 
capture times and is meant to lead 
to quicker final results. The Cobalt 
Design is a tripod-mounted scanner, 

not a handheld. The platform has 
360-degree automated movement 
to ensure full scan coverage. FARO 
bundles its recently released RevEng 
software platform with the Cobalt 
Design scanner.
MORE ➜ digitalengineering247.
com/r/22936
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Student Design Competition Profile: Destination Imagination

Next-Gen Engineers

The nonprofit has a mission of 
engaging student participants in project-
based challenges that are designed to 
build confidence and develop skills.

Competitions are based on open-
ended team challenges. Students form 
teams of up to seven members, select 
their challenge and work together to 
develop a solution. 

Tina Shaffer is the executive 
editor and social media director at 
Destination Imagination.

Digital Engineering: Can you 
provide an overview of your competition?

Tina Shaffer: Global Finals is the 
culminating competition for each season 
of Destination Imagination. Student 
teams compete in one of six challenge 
categories (technical, scientific, fine 
arts, engineering, improv and service 
learning). Teams first compete at a local 
level and then at a state level. 

DE: Can you tell us about who will 
be participating? 

Shaffer: The top-tiered teams from 
each state and country earn a spot to 
compete at Global Finals. More than 
150,000 kids participate in Destination 
Imagination each year. 

DE: Can you tell us about some of the 
designs that are part of the event? 

Shaffer: In our technical challenge, 
teams design and build their own aircraft 
that could take off, land, fly and deliver 
payloads. For our engineering challenges, 
teams had to design, build and test their 
own load-bearing structures that could 
support large amounts of weight.

The technical challenge prompts 

students to complete tasks by using 
engineering, research, strategic planning 
and related skills. Students may: Design 
and build an aircraft; design the aircraft 
to deliver a payload; create and present a 
story about characters exploring a remote 
place; and create and present two Team 
Choice Elements that show off the team’s 
interests, skills and talents. DE

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

Competition Leaves Everything to the Imagination
BY JIM ROMEO

D ESTINATION Imagination 
was founded in 1999 and 
continues to grow with the 
support of 38,000 volunteers 

throughout 30 countries. They boast that 
they have inspired and equipped “more 
than one million participants” with 
invaluable 21st century skills, creative 
outlets and the confidence needed to 
succeed in school, career and beyond.

MORE ➜ DestinationImagination.org

Students solve team-based 
challenges. Image courtesy of 
Destination Imagination.
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Graphene-Based Innovations for Smart Homes

All of these sales mean that the sector is expected to grow 
at a compound annual growth rate of 61% in the next 5 years. 
CNN predicts that the future home will look like a real-world 
version of the animated series, “The Jetsons.” 

With a variety of smart home technologies already on the 
market, the implementation of graphene and related materials 
is poised to further enhance the smart home offering.  Gra-
phene Flagship’s partners are developing solutions.

Graphene in Security
Graphene Flagship’s partner National Research Council of 
Italy—Institute of Organic Synthesis and Photoreactivity 
(CNR-ISOF) has developed flexible near-field communication 
(NFC) antennas for read/write applications, such as open and 
close functions. These represent a reliable, environmentally 
friendly alternative to current metal antennas.

Graphene antennas can be used directly in working devices 
without additional software calibration. In a recent demonstra-
tion, the proximity of a graphene radio-frequency identifica-
tion (RFID) tag to an RFID reader automatically triggered 
the device to take a picture of the wearer. This has several ap-
plications, including various closed public environments where 
tracking could ensure public safety. 

Graphene flexible antennas from VTT and the University 
of Cambridge have already been produced, demonstrating the 
technology’s commercialization.

Security does not finish at the door though, thanks to the 
work of Delft University of Technology, Netherlands. With 
the application of 10,000 graphene membranes suspended on 
a 1x2 mm silicon chip, a sensor can detect a door closing or 
opening, or a change in air pressure. 

Graphene-based sensors can also be applied to ensure 
homeowner safety. Recent gas detector prototypes by Catalan 
Institute of Nanoscience and Nanotechnology, Spain, sense ev-
erything from humidity levels to toxic gases. The University of 
Cambridge and the University of Manchester also have created 
a new sensor called the graphene nose. It is a matrix of sensors 
that combines gas pollutant signals to measure air quality.

Graphene in Home Wiring
The smart house of the future will be built smart, not just retro-
fitted with new applications. 

The applications of conductive cement may one day extend 
beyond making electrical wires a thing of the past. Due to its 
ability to dissipate heat, it can be used to cool smart homes  
without the need for expensive temperature management ap-
plications. Graphene-infused cement also could lead to smart 
bricks, and conductive strips of graphene around the home can 
be used for lighting or as an in-floor heating grid. 

Italcementi, a leading construction materials company in 
Italy recently showcased a floor heating system that uses a thin 
layer of graphene cementitious composite placed between the 
screed and the floor surface for highly effective heat transfer. 

Helping Economic Growth with Graphene
Graphene’s qualities are not limited to what it can achieve—it 
also delivers significant economic benefit. Research shows that 
graphene-infused solar panels increase the stability of the solar 
cell and make them at least four times cheaper to manufacture. 

A collaboration between Graphene Flagship partners Is-
tituto Italiano di Tecnologia (IIT), University of Rome Tor 
Vergata and BeDimensional S.p.A has developed hybrids of 
graphene and molybdenum disulfide quantum dots to stabilize 
perovskite solar cells, which are less complex to produce than 
traditional solar cells, and can be used in new locations on the 
home’s roof. 

Many of these products are scientifically and technically 
ready to be mass manufactured. They prove that graphene is 
already suitable for industrial and commercial use. Although
it may have to take over the world one house at a time, that 
change has already captured the minds of some of the world’s 
most creative scientists and design engineers. DE

Fabrizio Tubertini is the Graphene Flagship (graphene-flagship.eu) 
business developer for Energy, which is based at IIT (Istituto Italiano 
di Tecnologia) research. Graphene Flagship is one of the largest 
research projects funded by the European Commission.

AMAZON ALONE HAS SOLD MORE than 1 million Alexa-enabled devices, manufactured by 4,500 different 
companies. The Amazon online store stocks more than 3,000 Google Assistant devices, 580 Cortana devices and 
390 devices that use Siri. It is little wonder that countless European households are adopting smart technology to 
control, monitor and automate myriad tasks.
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NAFEMS Americas and Digital Engineering (DE) are teaming 
up (once again) to present CAASE, the Conference on Advancing 
Analysis & Simulation in Engineering, June 16-18 in Indianapolis! 

CAASE20 will bring together the leading visionaries, developers, and 
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any other, to share experiences, discuss relevant trends, discover 
common themes, and explore future issues. 

Presentations at this event will be centered on four key themes: 
1. Simulation-Driven Design
2. Implementing Simulation Governance & Democratization
3. Advancing Manufacturing Processes & Additive Manufacturing  
4.  Addressing Business Strategies, Challenges & 

Advanced Technologies

Co-Hosted by:
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Amir Husain
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Harvey Mudd College
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Schnitger Corporation

Monica Schnitger
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November 30, 2019

Submit Your Abstract at:
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Adhesion and decohesion modeling is useful for analyzing 
manufacturing processes that involve the joining of parts 
and for studying the maximum load-bearing capacity of 
structures. The right contact modeling tools deliver fast and 
accurate results, empowering you to develop more efficient 
and reliable manufacturing processes.

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 contact modeling.

Contact modeling functionality 
for fast and accurate results.

comsol.blog/adhesion-decohesion

Visualization of von Mises stress distribution and applied loads in a 
mixed-mode delamination of a composite material.
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