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But security technology, like any other technology, is 
constantly improving. In fact, it is likely to be improving 
faster than the public’s impressions of it. Research firm 
Gartner says the security posture of major cloud providers 
is as good as or better than most enterprise data centers. In 
fact, the firm predicts that through 2020, public cloud infra-
structure as a service (IaaS) workloads will suffer at least 60% 
fewer security incidents than those in traditional data centers. 
But with data breaches making news with what seems to 
be increasing regularity, it’s understandable that many 
companies have second thoughts about making the leap 
into cloud computing or rolling out connected devices. 
No one wants to make news that way. DE’s audience is no 
exception. When asked what challenges they faced when 
developing internet of things (IoT) solutions, the most 
cited challenge (42%) was security. That’s down slightly 
from last year when it was cited by 48% of respondents—
but it still beats out all design complexity and connectiv-
ity challenges.

Cultural issues beating out technical ones is a recurring 
theme we saw in our research. You can see survey results 
sprinkled throughout the issue. For example, survey respon-
dents rated collaboration as their biggest day-to-day chal-
lenge at work, and many respondents voiced their distrust of 
artificial intelligence as an inhibitor to its adoption. 

 
AI to Outsmart Hackers
Years after my overseas credit card mini crisis, my credit 
card was suspended again because it was being used by 
someone who was not me. The credit card company de-
tected it, suspended it and sent me a new card along with 
tips on making sure my identity wasn’t stolen. The algo-
rithms had improved, and they’re only getting better.

At Dell EMC World 2017 in May, Tony Parkinson, VP 
of North America Enterprise Solutions and Alliances at Dell 
EMC and Nick Curcuru, VP of the Big Data Practice at 
MasterCard International Inc. discussed how the companies 
are working together to stay one step ahead of cyberfraud 
with machine learning. 

“For us, machine learning allows us to actually bring in the 
data so much faster,” said Curcuru, which allows MasterCard 
International to apply rules in milliseconds to understand 
which transactions are fraudulent and which are valid. “It’s not 
chasing; it’s ‘I am going to prevent this upfront if I can.’”

Curcuru says machine learning also reduces false positives 
so valid transactions by customers aren’t blocked. To do that 
successfully requires machine learning to “learn what you 
know so you can apply it to larger data sets,” he says.

From FinTech to Product Design
It’s not a huge leap to imagine how that type of machine 
learning could be used to make all sorts of online transac-
tions more secure—such as simulation data and other intel-
lectual property in the cloud or the data being collected by 
IoT-enabled devices. Many manufacturers have lots of data, 
but can’t gain any knowledge from it. Machine learning could 
help them learn what they know, which would then help 
them detect anomalies that might signal a security issue.

“A lot of verticals are interested in using machine learn-
ing and deep learning for security,” said Kash Shaikh, VP 
of Product Management & Marketing, Hybrid Cloud and 
Solutions for Dell EMC at last month’s supercomputing 
conference, SC17. “The key is accuracy. You want to be 
able to add security without generating false alerts.” 

Assuming AI could allow companies to feel better 
about running simulations in the cloud, collaborating 
with others on cloud-hosted designs or rolling out con-
nected products, there still leaves the cultural unease 
with AI itself. As one DE survey respondent wrote when 
asked about AI and machine learning: “Products will be-
come more user friendly, easier to learn and more power-
ful, but this will take some time for humans to adapt and 
trust the AI systems.” DE

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

Using Tech to Secure Tech

IWAS ONCE WANDERING the streets of Vienna, 
Austria, with no local currency and no way to access my 
bank accounts. I had planned to get money out of an 
ATM once there, but my card wasn’t accepted. No 

problem: I had a credit card. Not having traveled overseas 
much, my credit card company decided I wasn’t me and 
blocked my card for my own good. I was hungry and jet-
lagged. I was not impressed with my credit card company’s 
security algorithms.     
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Engineering Conference News 

ROAD TRIP

“Our customers, across all 12 of the
industries that we serve, have increased 
their investment in the 3DEXPERI-
ENCE platform by more than 50% in
the past year,” said Dean Marsh, the new 
managing director, North America at 

Dassault Systèmes. Marsh is a former 
materials and software enigneer, most 
recently with IBM where he was VP of 
Global Analytic Solution Sales. He joined 
Dassault Systèmes in July. “Our custom-
ers are embracing the chance to innovate
on our platform and digitalize their busi-
nesses. They understand that they can’t 
afford not to. It’s either be the disruptor 
or be left behind. Those are the stakes.”

Marsh’s conference introduction was 
followed by two days of plenary ses-
sions and industry tracks. The 3DEX-
PERIENCE Playground pavilion provided examples from manufacturing,

life sciences, packaging, retail and more.

What a Platform is Not
Monica Menghini, executive VP and
chief strategy officer at Dassault Sys-
tèmes wasted no time in embracing the 
company’s platform approach in her 
plenary session. The word “platform” 
may trigger preconceived notions for 
some and may be overly generic for 
others. In her presentation “Shattering 
the Myths about Platforms,” Menghini 
set about defining the term via what 
she called three myths:

1. Platforms are for business process 
automation. 

2. Point solutions can transform into 
platforms. Menghini called out Das-
sault Systèmes’ competitors for taking 
a point solutions approach to building 
a platform. “Can a frog become Prince 
Charming?” she asked.

3. Any platform is an innovation 
platform. 
MORE ➜ digitaleng.news/de/?p=40603

The Race to Build a Platform that Supports 
the Entire Digital Thread
BY JAMIE J. GOOCH

THE DASSAULT SYSTÈMES 
3DEXPERIENCE Forum in 
October differentiated the 
company’s vision for providing 

the tools needed by industries as varied as 
transportation, retail, life sciences and 
nine others the company serves.

3D Systems Launches Figure 4 AM Solutions
BY KENNETH WONG

In his 1984 patent titled 
“Apparatus for production 

of three-dimensional objects 
by stereolithography (SLA),” 
Chuck Hull, who cofounded 3D 
Systems, illustrated his concept 
in a series of figures. Back then, 
he might not have anticipated 
that, 33 years later, one of the 
figures attached to the parent, Figure 4, would become the name for a series of 
3D printing solutions.

This week, 3D Systems officially launched Figure 4 in a meeting with the 
investors and industry press at the company’s headquarters in Denver. Described 
as a scalable 3D printing platform, Figure 4 comprises hardware, software, 
materials and services. The initiative is aimed at shepherding the use of additive 
manufacturing (AM) from prototyping to mid- to high-volume production, 
according to Vjomesh Joshin (VJ), CEO and president of 3D Systems.

MORE ➜ digitaleng.news/virtual_desktop/?p=13441

creo
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More down-to-Earth presenta-
tions and announcements of interest to
design engineering teams tracked the
growth of the HPC and supercomput-
ing market. For example, Hyperion
Research (formerly the IDC HPC ana-
lyst team) presented its annual market
overview. Earl Joseph, Hyperion CEO,
said the record-breaking numbers for
2016 show that the HPC server market
reached $11.2 billion.

In the first half of 2017, HPE/HP
has a sizable market share lead over its
closest competitors:

• HPE/HP: 36.8%
• Dell: 20.5%
• Lenovo: 7.8%
• IBM: 4.9%

Democratizing HPC
To help expand the use of HPC by
connecting industry with academic and
government HPC resources, Hyper-
ion has created an interactive map of
the 759 HPC centers across the U.S.
You can search for the government/
academic or industry HPC center near
you. The results include the congres-
sional district it’s in, its size and contact
information.

The conference’s exhibitors use
SC17 as an opportunity to introduce
new products. This year’s big new
product announcements from Intel,
Dell EMC, AMD, NVIDIA, Hewlett
Packard Enterprise (HPE) and others
all had one thing in common: making
the power of HPC more accessible to
mainstream users by decreasing the
complexity of implementation and/or
specializing in particular users’ needs.

The conference’s exhibitors, tutori-
als, workshops and technical program
presenters all relied on SCinet, the
world’s fastest open network (for the
duration of the show). There are about
160 volunteers who work on the project

for more than a year to design, build
and operate the network for a week,
and then tear the network down at the
end of the conference. The network
provided 5-6 Tbit/sec speeds onto the
Exhibit Floor, comprised over 89 miles
of fiber optic cables and included over
200 wireless access points throughout
the convention center.

MORE digitaleng.news/de/?p=40681

ASSESS 2017 Congress
Takes on Expanding
Engineering Simulation
BY JAMIE J. GOOCH

The ASSESS 2017 Congress took place November
1-3 in Potomac, MD. The second-annual

congress was organized by the ASSESS Initiative to help shape engineering simulation
product strategies for the next decade. The invitation-only event was limited to 150
people, and included simulation software vendors, industry consultants and end users
who, after listening to daily keynotes, broke into small groups to discuss topics related to
supporting a revolution in engineering simulation.

Day one’s keynote was presented by Tina Morrison, Ph.D., deputy director, Division of
Applied Mechanics, Office of Science and Engineering Laboratories, Center for Devices
and Radiological Health, U.S. Food and Drug Administration. Even a title that long doesn’t
touch on why the FDA is presenting at a simulation and analysis conference. Morrison is
also the chair of the new FDA-wide working group on Modeling and Simulation.

Bob Tickel, director of Structural & Dynamic Analysis within the Corporate R&T division
of Cummins Inc., gave the day two keynote presentation. His group is primarily responsible
for providing design guidance for key structural components and systems for future
products as well as evaluating, developing and documenting new tools and methods. At
ASSESS, Tickel gave an overview on the future of modeling and simulation at Cummins.

The real work at ASSESS took place in the breakout sessions. Groups of 10 attendees
broke off into individual conference rooms to participate in a 2.5-hour moderator-led
discussions.

MORE digitaleng.news/de/?p=40579

For more conference coverage,
visit digitaleng.news

SC17 Shows
Growth of HPC
BY JAMIE J. GOOCH

S C17, THE ANNUAL super-
computing conference, took
place in Denver last month. Its
session covered the role of high-

performance computing (HPC) in every-
thing from smart cities to the Square Kilo-
metre Array (SKA) project, an
international collaboration to build the
largest radio telescope that could change
our understanding of space as we know it.
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|  A B B E Y ’ S  A N A LY S I S  |

by Tony Abbey

USER INTERFACES

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

Traditional FEA User Interface
Because of its long-established roots and legacy, a typical FEA
interface is usually unique in its layout and workflow. Of the five 
or six major FEA programs I’ve used, there is virtually no com-
monality. The fundamental tasks are clearly present, defined by:

• geometry creation and manipulation;
• material and physical property definition;
• loads and boundary condition specification;
• meshing;
• analysis setup and launch; and
• post-processing.
However, the route through the user interface to achieve those 

tasks is often convoluted. There is a steep learning curve required 
to become proficient with a particular FEA user interface. The 
idiosyncrasies of each FEA solver are also tightly linked to this 
learning curve. A new user has two objectives: to learn how to 
drive the user interface and to learn the subtleties of the underly-
ing FEA program. In my personal experience, it takes around six 
months of active work in a particular product to become fluent 
and proficient. The products are so different that mastery of one 
does not speed up the learning process for the next one! It is also 
difficult to remain current on more than one product at a time.

The traditional FEA interface is based around FEA data cre-
ation. Any geometry manipulation is secondary to the primary 
objective of creating a mesh. This means that the emphasis is on 
mesh manipulation, using any geometry as a basic starting point.

CAD-embedded User Interface
The CAD-embedded FEA interface typically inherits menu
structure and workflow from the main CAD program. This has 
the advantage for the user in that the main FEA tasks indicated 
previously are usually well laid out in a familiar environment. On 

the face of it, the route through these tasks to create a finite ele-
ment analysis looks straightforward. However, there are quite a 
few variations on workflow between the different products, so 
it is not always easy to transfer experience from one to another.

However, the learning curve with the embedded CAD prod-
ucts is much shorter than the traditional FEA interfaces.

Pros and Cons of Approaches
I know many engineers who are advocates of one or the other tra-
ditional FEA tools. Mastering the idiosyncrasies of a particular tool 
is seen as a badge of merit. This experience is often hard won. But it 
can put an analyst in the position where the full power of the FEA 
solver can be accessed. The term “power user” is a good description 
of someone who has made this level of commitment. 

Power users are frustrated when attempting to use the CAD-
embedded products, as they do not allow access to more advanced 
aspects of the FEA solver. In some cases this limitation prevents 
an analyst from being able to carry out the FEA work required to 
sufficient depth or demonstrated levels of accuracy.

On the other hand, many users will be happy using the basic 
FEA technology. For them, the ease-of-use of the CAD-embed-
ded product will be far more attractive.

A Crossroads?
We are likely reaching a crossroads now. The CAD-embedded
FEA products must extend their depth if they wish to be taken 
seriously by the analyst community. On the other hand, the tradi-
tional FEA products must improve their user interface and work-
flow to avoid the major learning curve burden. 

The traditional FEA interface is starting to undergo a make-
over in many products, and it will be interesting to see if these 
will be able to eclipse the advantages of the embedded CAD 
environment. However, the products we see are a result of harsh 
market realities. Progress will be dictated by the market. Do the 
CAD companies want to cater to the relatively small number of 
advanced FEA users? Do the traditional FEA companies want 
to embrace more of the casual FEA users? DE

Tony Abbey works as training manager for NAFEMS, responsible
for developing and implementing training classes, including a range 
of e-learning classes. Check out the courses available: nafems.org/e-learning.

CAD and FEA User Interface Evolution

L ET’S COMPARE AND contrast the types of user in-
terfaces found in traditional finite element analysis 
(FEA) programs and those found in CAD-embedded 
FEA programs. The traditional FEA interfaces have 

evolved from command line and early non-Windows graphical 
user interfaces. The embedded CAD programs, by contrast, 
are built largely around the user interfaces developed in the 
parent CAD environment over the last 10 years or so. 

Editor’s Note: Tony Abbey develops and teaches both live and on-line FEA classes. He also provides 
FEA mentoring and consultancy. Contact tony@fetraining.com for details



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

• How digital twins can be visualized in AR-VR hardware;
•  How to develop and implement sensor strategies to maintain 

digital twins; and
•  How to make good use of the data collected from the field. 

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

www.digitaleng.news/de/twins

LIVE Panel Discussion

Defining
Digital Twins

DE EDITORIAL WEBCAST DISCUSSION SERIES — 
INSIGHTS, INSPIRATION AND INFORMATION

Digital twins  — virtual representations of real-world products, equipment 
and processes — are considered a critical component of the Industry 
4.0 transformation. They’re brought to life with a mix of simulation 
technologies, embedded sensors and data analytics. 

Sponsored By

Download Today!

Moderated by  
Kenneth Wong

DE’s Senior Editor

Panelist

Alexis Macklin
Analyst, Greenlight Insights

Panelist
Michael Fry 

Director, Manufacturing Systems 
Engineering Consulting Practice, CIMdata

ON DEMAND!

creo




DESIGN ||| Artificial Intelligence

10 DE | Technology for Optimal Engineering Design  December 2017 /// digitaleng.news

“I gave the software the absolute mini-
mal input on what a chair is supposed to

be,” explains Harsuvanakit. “[For the seat-
ing area,] I gave the software an elevated
platform as input, then asked for all the
different options to support it.”

That was the digital genesis of what
would later become the Elbo Chair, pro-
duced at Autodesk’s Pier 9 Workshop in
San Francisco. The name came from the
Danish Furniture Master Hans J. We-
gner’s Elbow Chair, which served as an
inspiration for this project.

When using a parametric 3D CAD

modeling program, the design engineer
typically uses his or her judgment, intu-
ition and industry experience to come up
with a concept, then digitally sculpt the
shape in the software. Generative design
or algorithm-driven design turns this
process on its head.

Instead of modeling a preconceived
idea in the software, the designer pro-
vides the generative design software with
requirements, such as where the object
needs to withstand a load, what load

AI Wants a Seat
at the Design Table
Algorithm-driven design redefines the role of design engineers.

Rendered views of the Elbo Chair,
designed in Dreamcatcher using
algorithms. Image courtesy of Autodesk.

BY KENNETH WONG

WE ALL KNOW what
a chair looks like; but
how do you teach a
computer what a chair

is supposed to look like? That was one
of the puzzles Arthur Harsuvanakit
had to solve to design an ergonomic
chair using Autodesk Dreamcatcher, a
generative design software package.
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or pressure is expected, what material 
choices are acceptable and so on. The 
software then mathematically computes 
and recommends the best topologies or 
shapes based on these specifications. For 
some, the new paradigm is AI-assisted 
design.

Generative design tools and algo-
rithm-driven design projects are growing. 
More and more software vendors are now 
looking to incorporate AI-like features 
into their offerings. For both the design-
ers and software developers, a new chal-
lenge has appeared on the horizon. How 
do you reframe subjective human prefer-
ences, such as comfort and aesthetics, as 
computable design parameters?

Getting Comfortable with AI
A senior designer in Autodesk’s Office 
of the CTO, Harsuvanakit had tinkered 
with algorithm-driven designs before. 
The small brackets and desk lamps he 
designed using Dreamcatcher were his 
warm-up acts. “The software gives you 
a lot more options—some of them you 
might not have even thought of on your 
own. As a designer, you learn to curate 
these forms, [and] narrow them down by 
adding more constraints,” he notes.

Now, smaller objects with odd geo-
metric angles that might have been 
impossible to machine could easily be 
produced with 3D printers. But a chair 
is of considerable size, larger than the 
build chamber of most 3D printers. To 
further reduce his design options for the 
Elbo Chair, Harsuvanakit used material 
and manufacturing requirements as guid-
ance. His choice of material was wood, 
and fabrication was CNC. New forms 
generated by Dreamcatcher with the ad-
ditional inputs were much more feasible 
for machining.

“The initial exploration [for support-
ing a flat seating area] resulted in about 
300 options,” Harsuvanakit recalls. “Once 
we gave the software more loads, direc-
tions and obstacles, we got to about 200 
options. The majority of these options 
were early iterations on a timeline to a 
more mature generation. Each iteration is 
a slightly different form, and in the pro-

cess, you sometimes don’t pick the most 
mature generation. There were about 60 
real variation differences for the initial 
exploration, and for the final setups we 
considered about five options, with about 
120 iterations behind each option.”

Recounting the project, Autodesk 
blogger Scott Sheppard wrote: “Com-
pared to the original design, Dream-
catcher’s solution has 18% less volume 
and decreases the max displacement by 
90.4% as well as decreases the max von 
Mises stress by 78.6%” (It’s Alive in the 
Lab, Sept. 14, 2016, labs.blogs.com/
its_alive_in_the_lab).

The Elbo Chair will be on display 
at the SFMOMA from January to May 
2018, as part of its “Designed in Cali-
fornia” exhibit. Dreamcatcher began as 
a generative design software research 
project, but is now a commercial product. 
Autodesk Generative Design is currently 
available to Netfabb Ultimate subscribers 
with wider rollout already scheduled for 
the near future. 

Math’s Surprising Answers
Math can surprise even an experienced 
designer like Harsuvanakit. Some sup-
port options the software considers to 
be mathematically optimal were “not 
the most obvious ones to me,” he says. 
“That’s why the method challenges your 
understanding of structures; it challenges 
your traditional views of form,” he added.

“A lot of times, the topology optimiza-
tion software gives you forms that are 
not ready to use,” says Himanshu Iyer, 
product marketing, Siemens PLM Soft-
ware. “They’re still faceted models, and 

the designer needs to bring them into the 
CAD system for rework. That means fix-
ing surfaces, adding fillets and blends, and 
so on. NX with Convergent Modeling 
technology is the only platform that can 
fully utilize the facet models created by 
topology optimization.”

In one in-house project, Iyer recalls, 
Siemens PLM software used HEEDS 
multidisciplinary design exploration 
software to develop an automotive com-
ponent. “We ran 400 design iterations in 
eight hours, using HEEDS and NX’s to-
pology optimization. The design the soft-
ware came up with would have been very 
difficult even for an experienced designer 
to come up with,” notes Iyer. 

Tribal Knowledge
“AI is not the wave of the future. It’s al-
ready here. So we need to figure out how 
to ride that wave,” says Harry Zhong, 
Stanley Black & Decker’s innovation 
technical lead for infrastructure.

One software Zhong and his team use 
is Generate from Frustum Inc., a genera-
tive design program that offers topology 
optimization. “Because of our application, 
we need the strength and durability of 
metal. But metal parts in infrastructure 
projects tend to be heavy,” he says. With 
Generate, Zhong and his team can look 
at ways to redesign some parts as lighter 
versions that can withstand the same 
loads and pressures.

“The software is ultimately an FEA 
(finite element analysis) tool, so if you set 
it up correctly to mimic the real-world 
scenario, the software gives you pretty 
good results,” says Zhong. “In the times 
when I ended up with outlandish, impos-
sible geometry, it was because I didn’t set 
up the problem correctly, to define the 
contacts as planar, bolted or fixed.”

Luke Ice and his colleagues from the 
3D Printing Group of DePuy Synthes, a 
Johnson & Johnson company, operate as 
the company’s in-house support unit for 
additive manufacturing (AM) projects. Ice 
is also evaluating Generate as one of the 
AM-friendly design tools.

“A lot of conventional manufacturing 
rules of thumb are based on the idea that 

41% of DE 
survey resondents 
chose AI and machine 
learning as having 
the biggest impact on 
product design and 
development over the 
next 5 years.
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you start with a block of material, then 
you cut away to get to what you need,” 
says Ice. “It takes a different perspective 
to design for AM. Traditionally, you drill 
a hole to reduce weight. But with AM, 
you can actually make that hole aestheti-
cally appealing with patterns.”

With medical and surgical instru-
ments, the look, grip and comfort matter 
just as much as the structure’s load-
bearing capability. Ice and his team have 
intimate knowledge about how surgeons 
and doctors work, down to their pre-

ferred postures in the operating room. 
They also know the gray areas where sur-
geons don’t have a clear consensus. This 
knowledge, Ice points out, is what he uses 
when evaluating the forms generated by 
the software.

“Having a generative design tool is 

like having hundreds of interns who can 
churn out design iterations for you,” says 
Ice. “But you still need your tribal knowl-
edge to evaluate them. Sometimes, what’s 
mathematically optimal is a shape that I 
know we wouldn’t want to put our com-
pany logo on.”

Manufacturing Constraints
A topology optimization program can 
compute loads and offer optimal shapes, 
but it doesn’t necessarily understand 
manufacturing constraints—not unless it’s 
written into the form-generation logic. 
“Often, what the software recommends 
is not easy or possible to fabricate,” says 
Harsuvanakit. 

Autodesk’s portfolio includes software 
like Moldflow, for simulating injection 
molding, and Inventor HSM, for simu-
lating CNC operations. Incorporating 
nuggets of these underlying technologies 
into generative design algorithms could 
bolster the software’s ability to recognize 
design options unsuitable for certain pro-
duction methods and materials. 

“Coding manufacturing constraints 
is an area of research for Autodesk,” says 
Harsuvanakit. “In a way, it’s an easier prob-
lem to solve.” What are much harder to 
program or distill into a series of equations 
are the subjective criteria, such as aesthet-
ics, ergonomics, novelty and comfort.

“In the newest release, NX 12, the 
manufacturing constraints are already 
built into the topology optimization al-
gorithm. It means the designer will have 
fewer steps to take to make the design 
manufacturing-ready,” says Siemens’ Iyer.

“Frustum’s Generate has built-in 
manufacturing constraints,” says Black 
& Decker’s Zhong. “Even if I’m a good 
CAD designer and can model the shape 
I want, there are always those odd draft 
angles that won’t work in machining or 
an area that proves too thick to produce.”

In theory, generative design software 
with built-in manufacturing rules can 
prevent or reduce these artifacts in the 
form-generation phase. Thus, it goes 
a long way to reduce the designer’s 
burden in form assessment and manual 
model refinement. 

Altair’s HyperStudy software can facilitate design of experiments (DOE) 
analysis runs. Image courtesy of Altair.

“AI is already a part of our 
development. We strongly 
believe that AI will help lead 
development in the future.”
    — DE survey respondent  

Autodesk’s Dreamcatcher software allows designers to generate forms 
based on load, material and other inputs. Image courtesy of Autodesk.
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Generative Speak
If parametric CAD modeling is a dis-
tinct skill, so too is generative modeling. 
Whereas parametric modeling depends 
on knowing how to use lines, circles and 
arcs to produce the desired geometric 
solids, generative modeling requires the 
ability to translate design ideas into com-
putable parameters.

“Generative design is the next genera-
tion of design software, as we see it,” says 
Iyer. “But the first step is still the designer 
providing the best input. Otherwise, as 
the saying goes, garbage in, garbage out.”

“The challenge for the designer is to 
turn what he or she wants into a set of 
requirements,” says Dr. Uwe Schramm, 
Altair CTO for solvers, optimization and 
smart multiphysics solutions. “We used 
to come up with the design, then use 
simulation to test the concept. Now, we 
use simulation, topology optimization 
and machine learning to come up with 
the design. [The machine’s answer to the 
problem] can be completely different 
from what you guess it might be.”

Altair’s OptiStruct solver is the engine 
behind its popular topology optimiza-
tion software solidThinking Inspire. The 
company also offers HyperStudy to run 
design of experiments (DOE) studies. 
The software can be deployed for ap-
proximation, optimization and stochastic 
studies. Schramm says, “The need for 
manufacturing constraints has been rec-
ognized by early adopters in the 1990s. 
OptiStruct released minimum member-
size control, draw direction and other 

manufacturing constraints in the late 
1990s, early 2000s.” 

Solver Training
MSC Software’s simulation products 
include an estimator, which you can 
use to obtain the approximate memory, 
computing cores and time needed to 
run simulation. Horen Kuecuekyan, 
MSC Software’s head of AI, reveals 
that the latest version of the estimator 
is powered by pretrained optimization 
algorithms derived from machine learn-
ing, a data-driven approach to develop 
automation algorithms.

“The basic requirement of machine 
learning is a significant amount of data 
to train the [mathematical] model,” says 
Kuecuekyan. “Take simulation runs on 
software like MSC Adams [software for 
multibody dynamics simulation]. If you 
run simulation on pretrained data, pro-
ductivity and performance go up.”

Fewer parameters lead to faster pro-
cessing times. But when working with 
dozens of parameters to generate hun-
dreds of design alternatives, understand-
ing each parameter’s effect on the output 
design is sometimes beyond human com-
prehension. In the future, Kuecuekyan 
believes design software will allow users 
to apply machine learning to identify 
the most critical parameters in design of 
experiments (DOE) studies. Such a tool is 
“a work in progress” at MSC, according 
to Kuecuekyan. 

The machine learning team headed 
by Kuecuekyan includes data scientists, 
among others. “Our goal [is] to include a 
machine learning component in each and 
every MSC product,” he says. 

New Design Thinking
Schramm believes AI-driven design will 
usher in a rich knowledge repertoire 
for design, available for query. “Twenty 
or 30 years ago, we were talking about 
knowledge-based engineering,” he 
says. “But now, knowledge-based engi-
neering may come on top of a neural 
network that helps you identify your 
design answers based on certain key-
words. Some of these technologies will 

find their ways into modeling tools like 
solidThinking Inspire.”

The workflow Schramm suggests 
is closely linked to the cloud. So is the 
simultaneous exploration and valida-
tion of hundreds or thousands of design 
iterations. Neither is well-suited for an 
isolated desktop computing environment 
with finite computing power. Both point 
to the inevitable conclusion that design 
software must evolve from the present 
desktop-centric model to the cloud-
hugging model. It doesn’t necessarily 
need to become browser-based software 
(though some like Onshape have made 
that choice). But it would need to offer 
the option to reach out for additional data 
or computing power.

“The math and physics of displace-
ments and loads don’t change,” notes 
Kuecuekyan. “But with machine learning, 
the software may be able to predict how 
to get similar results without having to 
even run the solver.”

“[An algorithm-driven approach] 
forces you to think of the big pictures, 
like how the product will be secured, 
where it will face a lot of pressure or 
weight. That leads me to wonder if the 
part really needs to be symmetrical, for 
example,” says Zhong.

“The role of the designer is to un-
derstand the problem they’re trying to 
solve, and translate that into constraints 
in the generative objectives,” says Har-
suvanakit. “The AI is your collaborative 
partner.” 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/optimization

➜ Autodesk: Autodesk.com

➜ Frustum: Frustum.com

➜ MSC Software: MSCsoftware.com

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

For more information on this topic, visit 
digitaleng.news.
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“AI and machine 
learning will likely be 
used to build more 
powerful simulation 
platforms. It is unlikely 
to have a short-
term impact on our 
development process in 
the near future.”
— DE survey respondent
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“EDA has many kinds of heuristics,” says Bryan Catanzaro, 
VP of applied deep learning research at NVIDIA. “Imagine that 
you’re doing placement and routing. You have to figure out where 
to put all the transistors and wires. You can’t actually get optimal 
placement because it’s such an enormous problem. But you kind 
of have some rules about how to minimize cost, and you may have 
algorithms that help you explore that space to a certain extent. So, 
the opportunity for machine learning in EDA is to replace some 
of those hand-coded heuristics with models that we learn from 
data. It turns out that the heuristics, while they work most of the 
time, aren’t as good as models learned from data.”

EDA’s Limitations
Perhaps the best way to see how ML can improve the design 
process is to look at the areas where today’s EDA tools fall short. 
Chip designers find themselves handicapped by the narrow vis-
ibility provided by current modeling and simulation technolo-
gies. Most of the shortcomings arise from the technologies’ lim-
ited ability to contend with the variability of physical attributes 
of system components and to sample and represent nonlinear 
surfaces and spaces. The situation is further compounded by 
inadequate information about physical interactions among com-
ponents and correlations among input parameters.

Because of these deficiencies, design engineers have difficulty 
modeling key design elements, and when they do, they cannot 
achieve the desired degree of accuracy. In addition, they are lim-
ited in what they can hope to do with simulation-based design 
optimization. At times, the issue isn’t that a facet cannot be mod-
eled or simulated; it is that it cannot be done in a timely manner.

In the case of simulation, current technology simply cannot 
handle the large number of design variables involved. That said, 

behavioral models promise to address some of the flaws of current 
simulation technology. Unfortunately, the industry has yet to set-
tle on a general, systematic method for generating these models.

One of EDA’s greatest shortcomings lies in its inability to 
glean insight from previous designs. Chipmakers have been 
designing chips, packages and systems for decades, and all of 
this information is available, hidden in databases that have never 
been tapped to facilitate new designs. “If we can only learn from 
these databases, the chances of errors in new designs can be 
minimized or eliminated,” says Madhavan Swaminathan, direc-
tor of the Centre for Co-Design of Chip, Package, System, at 
the Georgia Institute of Technology. “We often rely on the ex-
perience of the designer, but why not learn from the experience 

Machine Learning Gives Us 
EDA Tools That Can Learn
The technology is making its mark on the semiconductor industry, opening 
the door for modeling and simulation to yield new levels of insight.

Machine learning stands poised to expand the 
capabilities of EDA, promising to deliver more 
accurate and efficient modeling and simulation. 
Image courtesy of ANSYS.

BY TOM KEVAN

I F YOU LOOK at electronic design automation (EDA), the entire chip design process is full of rule-of-thumb heuristics 
that have been built over decades. These rules are by no means perfect, but they usually get the job done. Until recently, 
they were the best guides available. That, however, is no longer the case. Machine learning (ML) has begun to carve out 
a niche in the semiconductor industry, enabling modeling and simulation to provide unprecedented levels of insight. As a 

result, engineers can expect greater accuracy and efficiency from design tools and a shift toward broader automation.
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of a machine that can sort through millions of data to determine 
possible patterns.”

Untapped Resources
Untapped resources is exactly what machine learning brings to 
the design process, and by turning mountains of raw data into 
valuable design insight, machine learning gives EDA a desper-
ately needed shot in the arm.

Until recently, even with the rules of thumb, chip design has 
been a relatively subjective process. After long hours of measur-
ing physical parameters and running simulations, electronics 
engineers still fell into the trap of over-designing or under-
designing the chips.

By adding ML to the EDA toolset, past experiences become 
training data that greatly expands the engineer’s modeling and 
simulation capabilities and provide greater transparency in 
the key issues determining the success of a design. Thus, the 
designer uses lessons of the past to glean the insight required 
to predict better solutions for new, similar problems. “To solve 
hard problems, you have to use large amounts of data, and so 
our current understanding of AI has evolved to support that,” 
says Catanzaro.

The experience of early adopters shows that applying ML to 
chip design not only improves the quality of designs but it also 
delivers significant business dividends. “Large design houses 
with abundant data in different design stages start to realize the 
potential of looking into the data to help them get the product 
to market earlier and save cost [at the] bottom line,” says Nor-
man Chang, chief technologist at ANSYS.

Building Better Models
Leveraging chipmakers’ bank of design info for training, ML uses 
algorithms to identify patterns to optimize design. The patterns 
map input attributes to the desired output feature or process out-
come. This allows ML to create models to capture these patterns.

By using the insights gleaned from the training data, design-
ers can efficiently model greater levels of complexity. This trans-
lates into models that accommodate physical attribute variables, 
nonlinear spaces and surfaces and complex interactions among 
components and subsystems—all without human intervention.

“Machine learning can take the data associated with the 
variability of physical attributes and build advanced machine 
learning models of this variability,” says Amit Gupta, president 
and CEO of Solido Design Automation. “These models can be 
high-dimensionality, nonlinear model discontinuities, along with 
high-order interactions.”

This approach has proven to outperform models created 
by humans using traditional techniques. “If you’re not using 
machine learning to understand model variability, what are you 
using?” asks Catanzaro. “You’re using a simpler model that a 
human built, and that’s not going to understand the complexities 
and the interdependence of the attributes of this physical system 
in the way that a model trained by data can. When humans build 
models they often assume independence of physical attributes in 
a way that isn’t actually justified. But machine learning models 
don’t need to make these assumptions because we’re not actually 
building them by hand. We’re learning from the data.”

Because of these advantages, ML-generated models provide 
better feedback to engineers, indicating if the design will deliver 

Chip designs are subject to process, voltage and temperature (PVT) variations, often modeled as a set of PVT 
corners. Process corners represent the extremes of the parameter variations within which a circuit must function 
correctly. Shown here is a fast PVT accuracy-aware model that uses a small number of simulation points, covering 
independent and interaction effects, to predict the remainder of the values. Image courtesy of Solido.
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the desired performance at each step of the development pro-
cess. Often, the process of designing a chip is very complicated, 
with many rules to learn and many ways to violate those rules. 
Having models that can help the engineer analyze the design 
and understand when a rule has been violated makes the devel-
opment process more efficient. Machine learning can help en-
gineers identify and interpret the problems that they have with 
their designs faster, enabling them to be more productive.

It’s important to remember that whenever you have simulation 
and modeling, the designer must strike a balance between fidel-
ity and interactivity. During most chip design work, the engineer 
uses many different models, each of which is at a different point 
in the trade-off. “The thing that’s really interesting about machine 
learning is that it opens up new possibilities for us to augment 
this trade-off between different types of simulation with models 
that we learn from data,” says Catanzaro. “What that can help 
do is either make a model with a given level of interactivity more 
accurate, or alternatively, it can create a new model that’s very 
interactive—maybe not quite as accurate—but so interactive that 
designers can change the way they do their work.”

For example, let’s say you had a tool that was going to per-
form place and route on your design. What if you had a model 
that could predict the results before you actually create a pro-
totype? It might take a day or a week to actually run that place-
ment route, but if you had a model that could predict that for 
you, you might make different decisions. That’s an opportunity 
to change the way designers work, giving them a model that’s 
more interactive than the one they currently have.

Shortcuts and Automation
Another benefit that ML brings to EDA is greater efficiency, 
which translates into shorter turnaround times and greater analy-
sis flexibility and simulation coverage. Consider, for example, the 
ML-based electromigration (EM) violation waiver system co-
developed by NVIDIA and ANSYS, which continuously learns to 
improve its analysis as it is trained with new design data.

In this application, gradual damage caused by on-chip EM can 
compromise the physical integrity of wires, impairing the system’s 
performance and reducing its lifetime. To mitigate the effects of 
EM, designers must be able to ensure that layouts can resist them. 
Unfortunately, traditional EDA tools have proven problematic. 

“Manually analyzing the results generated by EDA tools to 
waive or fix any violations is a tedious, error-prone and time-
consuming process,” says Chang. “By automating these manual 
procedures by aggregating key insights across different designs, 
using continuing and prior simulation data, a design team can 
speed up the tape-out process, optimize resources and signifi-
cantly minimize the risk of overlooking must-fix violations that 
are prone to cause field failures.”

The same kind of efficiency can be seen in another application, 
where machine learning is used to support thermal design optimi-
zation for 3D ICs. Professor Swaminathan and his colleagues at 
the Georgia Institute of Technology performed 3D thermal simu-

Survey Says …
DE survey respondents’ impressions 
of AI and machine learning:

“Machines that can design machines 
will mean that they will become 
smarter than man. This could mean 
the end of mankind as we know it.”

“I think it will be able to learn how a 
person works and predict what they 
would do next to speed up design.”

“AI and ML are the future of design 
and manufacturing.”

“AI has great potential, but there is 
the ‘black box’ problem where the 
reason for the decision making cannot 
be totally known which may cause 
issues for defense, aerospace and 
medical applications.”

“Heavily dependent on input data 
available. Will advance more when 
IoT technologies allow for real-time 
data collection during processing.”

“I think that ‘machine understanding’ 
will be more useful than what is 
currently billed as ‘machine learning.’”

“The most significant innovation 
of our century. It will guide design, 
lower costs and introduce continuous 
production change.”
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lation of a power delivery network, using the resulting thermal 
profile to perform circuit simulation to measure clock skew.

“A major problem with 3D ICs is thermal management, where 
trapped heat can create hot spots and thermal gradients across the 
IC, which in turn affect clock skew,” says Swaminathan. “Manag-
ing thermal gradients across the IC can be daunting since power 
densities change with time and several control parameters can af-
fect it. An ML approach in such a scenario can be very useful since 
it can help augment multiphysics simulation, support the tuning 
of parameters while designing the system, and enable the func-
tioning of a closed-loop control system for thermal management.”

The researchers had to run numerous simulations before 
they found a design that met the application’s requirements for 
clock skew. Using a statistical learning method called Bayesian 
optimization, the team reduced the number of simulations.

A third example shows how ML modeling and simulation 
can enable verification to cover operating parameters. Current 
verification approaches try to cover a spectrum of operating pa-
rameters or corners via explicit programming. Unfortunately, the 
number of corners continues to grow as device physics get more 
complicated due to shrinking device feature size and line widths.

“By applying machine learning, the important corners and 
their associated parameters can be learned or derived via an 
adaptive model, providing the widest possible coverage in a 
feasible timeframe,” says Shiv Sikand, executive VP and co-
founder of IC Manage.

Why the Slow Start?
If ML has so much to offer EDA, why doesn’t it play a bigger 
role in semiconductor design? Some might say it’s still in its 
infancy, but that is not quite accurate. You have to go back 60 
years to find its roots in chip design. Around 10 to 15 years ago, 
researchers did extensive work using artificial neural networks 
to model circuits. But nothing materialized from this research 
because the industry did not believe that there was a need for it.

“Chip design and EDA have not yet benefited as widely 

from machine learning because it has been possible to build 
chips and do EDA without those algorithms,” says Catanzaro. 
“There are a lot of really strong approaches to solving chip de-
sign problems that people developed without machine learn-
ing. So the bar is pretty high. To displace those approaches, 
you have to have something that is better.”

But, it appears that the industry has nearly reached the tipping 
point. Engineers recognize the value of the design data that re-
sides in chipmakers’ databases. Designers increasingly have access 
to adequate computing resources. And the complexity of systems 
may have outstripped the capacity of current EDA tools.

With the need all but established, the big question is: Is there 
enough working knowledge of ML to capitalize on the technol-
ogy? “Today the timing is just right due to the complexity of 
systems that we are building, but the know-how on the applica-
tion of ML techniques for IC design is low within companies,” 
says Swaminathan. “Hence, industry is relying more and more 
on universities to help them with the development of new ML 
algorithms and for developing the next workforce. But compa-
nies are not willing to share data with the universities because 
most of the data is proprietary and confidential. Without data, 
ML cannot be advanced. Hence, we have a chicken-and-egg 
problem here that represents a major obstacle.” 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

➜  Centre for Co-Design of Chip, Package, System, at the  
Georgia Institute of Technology: c3ps.gatech.edu

➜ IC Manage: ICManage.com

➜ NVIDIA: NVIDIA.com

➜ Solido Design Automation: SolidoDesign.com

For more information on this topic, visit digitaleng.news
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An ML-based electro-migration (EM) violation waiver system co-developed by NVIDIA and ANSYS uses historical 
EM waiving experience to provide a faster more accurate way of identifying must-fix EM violations. Image 
courtesy of NVIDIA/ANSYS Design Track paper at DAC 2017.
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Many modern-day products, from smart appliances to indus-
trial wind turbines, now regularly collect performance and usage
data when in the field. These data reserves, combined with other
relevant information, have the potential to serve up insights that
could be tapped for basic monitoring of devices, predictive main-
tenance and eventually, self-healing service applications where
products take action on their own to fix problems or recalibrate
operations. Also in the mix is leveraging that same IoT data in the
design process to address a specific flaw or to innovate completely
new product offerings that better map to customer need.

Although there’s a lot of noise about how such IoT insights
will revolutionize product design and service, the reality of
what’s currently happening in mainstream engineering and ser-
vice organizations is slightly more subdued. “We are somewhere
between hype and reality,” notes Rob Patterson, vice president
of strategic marketing for ThingWorx, at PTC. “What’s mean-
ingful is we are starting to see a huge sea of data, but we’re not
quite there yet in terms of realizing value from it. There’s still
hype in the market that IoT is a magic box for delivering in-
sights that solve everything, and that’s not the case at this point.”

The Analytics Progression
Although IoT activity may not live up to its hype, progress is
being made and early milestones are being met. Gartner is fore-
casting that 8.4 billion connected things will be in use in 2017,
up 31% from last year, and will reach 20.4 billion by 2020. Most
of that activity is happening in the consumer segment, with 5.2
billion connected units (like smart TVs, cars and set-top boxes)
this year, representing 63% of the overall application use cases,
according to Gartner research. In comparison, businesses are on

track to employ 3.1 billion connected things in 2017, mostly
smart electric meters and commercial security cameras.

Xively, provider of an IoT platform for connected devices,
sees a common progression for analytics use among its current
customer base. Initially, customers leverage IoT data to monitor
the health of products in the field, answering questions such as
“is the device connected?” and “does it have the right firmware
to operate properly?”—a scenario that is now quite mature, says
Ryan Lester, Xively’s director of IoT strategy.

From there, companies spend time leveraging the data to
get a real-time view of how customers are using products to
understand what features they do or do not use or what they can
do to make the product run better, including delivering feature

IoT Analytics:
More Hype Than Reality?
Although predictive maintenance and asset monitoring are among the
top IoT use cases gaining traction, leveraging analytics to drive product
design is still in the formative stages.

BY BETH STACKPOLE

A new generation of internet of things (IoT)
products and industrial assets is amassing
stockpiles of data, but that treasure trove of
potential insights has yet to drive product design

processes in any meaningful way.

IoT Data & Design
To help guide future designs, is your
organization using/planning to use data
captured by your IoT solutions?

Yes
 52%

No
 16% Unsure

32%

Source: DE 2018 Technology Outlook Survey.
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updates via software, that is, the model being pioneered by Tesla. 
Over the years, Tesla has delivered “design updates” via software 
updates to fix a charger plug discovered to be a cause of fires, for 
example, and to optimize suspension settings for high speeds. 
“IoT provides a unique opportunity to start capitalizing on real-
world usage data to help effectively iterate the design of a prod-
uct primarily through software,” Lester explains. 

Tapping IoT data for predictive analysis 
or failure analysis is the next frontier, par-
ticularly for high-end capital equipment 
like wind turbines or industrial equipment. 
Daimler Trucks North America has created a 
sensor-based predictive maintenance system 
that detects problems in trucks and alerts the 
dispatch centers of the need for service. PTC 
customer Sysmex, a maker of blood and urine 
analysis equipment, is leveraging the Thing-
Worx platform to service systems proactively 
and remotely, often issuing a fix via a software 
upgrade.  Moving on from here, the ability 
to mix IoT data with third-party informa-
tion such as supplier information to serve as a 
guide for product design changes is a future, but still elusive goal 
for most product designers.

“There aren’t a lot of line engineers adopting IoT to make 
products better—the service or sales organizations are adopting 
IoT to make the business better and customer relationships bet-
ter, and the byproduct is that engineers make products better,” 
says Bryan Kester, director of IoT at Autodesk. Even so, Autodesk 

is starting to see a shift in that direc-
tion. Although a survey conducted last 
year found manufacturers connecting 
products to achieve competitive ad-
vantage (58%), develop new services 
or customers (52%) and to improve 
product uptime (49%), forthcoming 
research shows that design engineers 
are gaining interest in IoT as a tool for 
real-world product feedback over the 
next 24 months, Kester says. 

“We’re finally at a point where 
design engineers seem to have valid 
reasons for experimenting with IoT,” 
says Kester, adding that the firm’s 
newly-released IoT Discovery Toolkit 
helps fast-track IoT product designs, 
including how to optimize data collec-
tion for future IoT analytics. Although 
product teams aren’t yet employing 
data to improve and iterate specific 
product designs, they have begun to 
employ IoT analytics to figure out 
how to segment a product line—for 

example, creating a family of air compressors fit for both indoors 
and ruggedized outdoor environments, explains Kester, citing one 
specific customer example. “That’s the primary usage with a lot 
of companies—figuring out how to segment products better in 
terms of how customers are actually using them,” he says.

Manufacturing customers of Autodesk, PTC and GE Digital 
are also ramping up IoT analytics efforts in areas like predic-

tive maintenance and creating new ser-
vices based on analysis of operational data 
collected in the field. Through analytics 
supercharged with machine learning capa-
bilities, companies can examine real-time 
energy usage against energy market pricing, 
creating new value-added services that help 
customers run large assets like industrial 
machinery or compressors when it is more 
cost effective. In addition, using a digital 
twin (a 3D representation of an asset or 
product, including behavioral character-
istics) as a baseline, companies can collect 
and analyze data from the physical products 
in the field to help uncover anomalies that 

suggest when a manufacturing asset is underperforming or 
when it requires maintenance. 

“You can start to figure out those patterns quickly and under-
stand the sources of error and failure on a fleet of manufacturing 
assets,” explains Chris Larkin, GE’s vice president of products 
and analytics, machine learning. Moving forward, Larkin says GE 
envisions a future where the IoT asset continually “learns” about 

FusionConnect’s business intelligence-level analytics helps engineers make 
sense of IoT product data. Image courtesy of Autodesk.

28% of DE 
survey respondents 
strongly agreed or 
agreed that the IoT is 
more hype than real, 
which is the same 
as last year’s survey 
respondents.
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its performance and failures in real time, able to make adjustments 
or automatically call out for servicing. “We believe the intelligent 
asset of the future is self-healing and self-adjusting,” he adds.

The Path to Success
One critical key to advancing IoT analytics is getting the data 
right—still a problem for many early adopters, according to 
Larkin. Part of the problem rests with sensors being situated 
properly or creating a high enough signal-to-noise ratio to pro-
duce meaningful data; other issues involve getting IoT data stored 
to the cloud in a secured way, pooling and structuring data, and 
integrating it with other key sources, including external resources 
or systems like ERP (enterprise resource planning), he says. “The 
biggest challenge isn’t finding talent or constructing algorithms—
it’s organizations’ reluctance to put the crown jewels of manufac-
turing performance data and methods in the cloud,” Larkin says.

Many organizations have years of IoT data, but it’s not the 
right data to drive predictive maintenance projects or other 
IoT analytics efforts, explains Chad Boulanger, vice president 
of sales, analytics for Greenwave Systems, maker of the AXON 
IoT platform. One way Greenwave is trying to address the 
problem is by integrating AXON Predict, its IoT analytics tool, 
with VxWorks, a real-time operating system (RTOS). The solu-
tion, AXON Predict Analytics for VxWorks, enables analysis 
of real-time, high-volume streaming data at the edge, without 
having to connect to the cloud. “This lets you build analytics in 
as a first-class citizen when building a system,” notes John Crupi, 
Greenwave’s vice president of IoT analytics.

Another way to make insights from IoT analytics accessible 
to engineers is to deliver them into the systems already in use 
by product design teams. That’s the strategy many of the CAD 
and PLM (product lifecycle management) vendors are tak-
ing, including Siemens PLM Software and PTC. PTC’s Creo 
Product Insight Extension enables engineers to collect real-
world product data from a test bed in the field, conduct trend 
analysis and leverage those insights to drive future generations 
of products or simply iterate an existing design. By doing so, 
engineers can validate design requirements with real-world 
data, not assumptions, and thus decrease reliance on physical 
prototyping, PTC’s Patterson says.

Siemens is now offering Product Intelligence for Teamcenter, 
a new SaaS-based big data analytics solution based on its Omneo 
acquisition. The tool melds data from a variety of sources, includ-
ing design, procurement, supply chain and manufacturing with 
IoT field data and makes the insights available from within PLM, 
which organizations consider the system of record for engineer-
ing, says Bill Boswell, Siemens VP of marketing for the cloud ser-
vices area and MindSphere, the company’s IoT platform. 

“We’re trying to put the data analytics tools in the hands of the 
users themselves,” he explains. “This lets them do analytics in the 
same environment they are managing day-to-day design work in.”

Perhaps the most important order of business to enable en-
gineering organizations to effectively capitalize on IoT insights: 

Creating a data-centric culture that makes insights just another 
step in a closed-loop design process. “IoT analytics let you gain 
insights into things you’re not able to do previously just by look-
ing at small samples of products in the field,” Patterson says. 
“This lets you get more accurate feedback from an overall prod-
uct population. That means engineers have to become more 
data centric to the overall population of devices not just design 
centric for evolving a product.” DE

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

INFO ➜ Autodesk: Autodesk.com

➜ Gartner: Gartner.com

➜ GE Digital: GE.com

➜ Greenwave Systems: Greenwavesystems.com

➜ PTC: PTC.com

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

➜ Xively: Xively.com

For more information on this topic, visit digitaleng.news
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Product designs increasingly incorporate integrated
software, new and advanced materials, and take new types
of manufacturing processes into account much earlier in the
design phase. As companies make the transition to smart,
constantly connected products, mass customization, the use of
digital twins to understand and improve product performance,
and more complex data management structures, software
providers have responded with a dizzying array of specialty
computer aided engineering (CAE) tools to help.

Simulation analysts—whose time is already in high
demand and short supply at most companies—are spending
valuable time making tools work together instead of
conducting the increasing number of analyses required for
today’s rapid design cycles.

With the rise in product complexity there has been a parallel
increase in quality requirements for engineers and pressure
to decrease time to market. Customers want higher quality
products delivered faster, which requires more rapid iteration
cycles to arrive at the best design in the shortest possible
timeframe, while still staying within a reasonable budget.

This increased focus on speed and quality has magnified
inefficiencies in the analysis and design process caused by
disjointed workflows. Specialized tools, each with their own
learning curves, user interfaces and data translation requirements
can slow down the process they were intended to accelerate.
These delays cause a ripple effect across the product lifecycle.

If companies do not evolve their product development
practices to meet rising customer expectations, they risk
losing market share or even becoming obsolete. What is
needed is a streamlined workflow to consolidate disparate
simulation and analysis tools and activities.

Siemens has developed such a consolidated platform
with its Simcenter 3D, an open, multi-discipline CAE
application. By combining multiple types of simulations and
solvers within a single tool, and offering access via a more

cost-effective licensing model, this consolidated workflow
can address specific pain points associated with traditional
approaches to simulation and analysis faced by most
engineering teams:
• A lack of workflow integration and visibility across

departments and specialties.
• The specialized knowledge required for different

simulation tools that inhibits collaboration.
• Wasted time and effort associated with rebuilding

models for each simulation discipline.
• Inefficient cascading of design changes across multiple

disciplines.
• The difficulty, cost and time associated with performing

trade-off studies when multiple tools are in use.
• High licensing costs associated with the use of multiple tools.

A consolidated approach that provides a streamlined
multi-discipline environment that is still open and flexible is
needed to address the challenges of modern product design
and development. In this way, companies can reduce the
number of tools required, cut licensing costs, more easily re-
use models across disciplines, encourage collaboration and
iterate faster to achieve better results.

Consolidate CAE Tools
Integrate multiple simulation disciplines to enhance the speed and efficiency
of your product design and development process.

MAKING THE CASE for CAE Tool Consolidation shows
how to streamline your workflow by adopting an open,
multi-discipline computer-aided engineering platform.
Download it for free at digitaleng.news/de/consolidate

THE WORLD of product development is evolving at
a record pace. Products are shifting from a collection
of mechanical components to smart systems that
integrate mechanical and electrical controls, software

and sensors across the board. These systems of systems require
much more complex planning and simulation.
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Consolidate to Collaborate
Today’s product design and simulation environment requires
a multi-discipline approach. There is an inherent need
to collaborate across the design, analysis, simulation, and
manufacturing departments, as well as among mechanical,
electrical and software disciplines to reduce time to market and
avoid late engineering change orders or worse—product recalls.

An open, flexible approach that offers both a common
user interface for core needs and easy integration with more
specialized needs provides the best of both worlds. This is
the path that Siemens has taken with Simcenter 3D, which
provides several key benefits.

1. Open Integration: If a company is already using
Siemens NX for CAD, adopting Simcenter 3D provides
a scalable platform that addresses the needs of designers,
analysts and simulation specialists. Companies using
third-party CAD platforms can adopt Simcenter 3D as
a standalone CAE platform for their analysts to gain
the advantages of Synchronous Technology to modify
geometries imported from any CAD system without having
to know the underlying parameters or how the model was
created. Simcenter 3D also supports non-Siemens solvers

(including MSC Nastran, Abaqus, ANSYS and LS-Dyna)
without translations.

2. Improved Efficiency: Having an integrated
simulation workflow with a common user interface makes
it easier for simulation analysts to collaborate with design
engineers across disciplines so that simulation tasks can
be automated and distributed to the broader design
engineering team. This eliminates bottlenecks, boosts
productivity and leads to cost efficiencies.

3. Streamlined Collaboration: Using Simcenter 3D,
companies can get a richer, cross-discipline picture of the
entire design and simulation process with an integrated,
multiphysics simulation workflow that provides solutions for
linear and nonlinear structures, dynamics, motion, durability,
composites, acoustics, thermal, flow, and multiphysics
applications all within the same environment.

4. Flexible Licensing: Simcenter also provides cost
savings through its flexible, value-based licensing model
that uses tokens to run a given application. This allows the
solution to evolve with changes to your workflow in order
to scale with your needs, eliminate costs associated with idle
licenses and provide access to new software features.

Learn more by downloading Making the Case for CAE
Tool Consolidation at digitaleng.news/de/consolidate.

USING AN INTEGRATED suite of Siemens NX tools
with Simcenter 3D, ATK Aerospace Group, the world’s
top producer of solid rocket propulsion systems,
has been able to streamline its design and analysis
processes so that they are more efficient. Learn
more by downloading Making the Case for CAE Tool
Consolidation: digitaleng.news/de/consolidate

What is Simcenter 3D?

S imcenter 3D is a unified, shared platform that
crosses simulation disciplines and integrates
tightly with the CAD and design environ-

ment to help engineers and analysts achieve more
productive workflows and consistent results, while
addressing the most difficult challenges in optimizing
the performance of new products and innovations.

It also provides best-in-class geometry with
Synchronous Technology, and simulation across
physics, including structural, acoustics, thermal,
flow, motion, and composites analysis, in addition to
optimization and multiphysics simulation.

The software incorporates technologies from
proven CAE tools including NX Nastran, SDRC
I-deas, NX CAE, LMS Virtual.Lab and LMS Samcef
to deliver a scalable, open and extensible environ-
ment for 3D CAE with connections to design, 1D
simulation, test and data management.

Simcenter 3D is available as a stand-alone simula-
tion environment and can also be deployed as an inte-
grated application within the NX CAD environment.

Simcenter 3D is open and extensible environment
to help you better leverage your existing investment
in other software and tools. The solution can be used
with multiple CAD formats and is solver- and geom-
etry-agnostic. Simcenter 3D allows users to prepare
models for built-in and industry-standard solvers, and
also includes subject-specific postprocessing tools.
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Although every research advance is 
appreciated and applied, the idea of how 
to apply new technology is as impor-
tant as selecting the technology to use. 
Reaching a better state of collaboration 
at all levels of the organization and the 
supply chain are not dependent on one 
specific product, but on attitudes and 
willingness to change. Real-time simula-
tion or VR/AR use won’t shorten dead-
lines on its own. 

Studying VR/AR for  
Real-Time Simulation
Researchers at the University of Sin-
gapore are studying the potential of 
both virtual and augmented reality for 
real-time simulation. They are especially 
intrigued by the idea of interactive simu-
lation to study the behavior of materials, 
which they see as an important way to 
accelerate the product development cycle, 
according to researchers Li, Nee and 

Ong. “Interaction methods have been 
studied to utilize the simulation results 
provided in a VR environment so as to 
improve the efficiency of the analysis and 
the design process.” 

But there are currently limitations that 
require more research. One is placement 
of the product being studied in situ with 
real-world surroundings, whether that be 
a larger assembly, a factory or in the field. 
This is mostly an access-to-data problem, 

Engineering Technologies Still 
Require the Human Element
Where there are no humans interacting, it is of little use, engineers caution.

Because a robot starts as a CAD design and a software guidance system, robotics simulation, testing and 
training can take place in the virtual world first. Image courtesy of Autodesk.

BY RANDALL S. NEWTON

ADVANCES IN COMPUTING speeds are allowing engineering software vendors to rapidly innovate in simulation 
and rendering, and to integrate peripheral technologies such as virtual reality (VR) and augmented reality (AR). It is 
now possible to change a design and visualize the effects of those changes in real time. Simulation is moving closer to 
real-time display but lags behind visualization rendering due to the additional computational requirements.  
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not a technical limitation. Another is im-
proving the ability for humans to interact 
with the virtual environment; today, most 
VR systems are limited to adjusting the 
view location, although several vendors 
and research facilities are working on 
more advanced interaction methods. 
There is also the larger problem of pos-
sible VR-induced nausea in sensitive 
people, but that is a problem for all VR 
applications, not engineering simulation 
in particular.   

Deformation simulation in VR has 
also been studied. Software approaches 
under consideration include various ap-
proximation methods and the use of ar-
tificial neural networks as the processing 
environment. Availability of related envi-
ronment data is again seen as a primary 
issue, along with hardware limitations and 
the oft-cited puke factor that seems to ac-
company all VR research. 

Collaboration is Never  
as Simple as it Sounds 
In 2013 a provocative essay called “A 
Great Idea Is Never Enough” in Inc. 
Magazine took the industry to task for 
only paying lip service to the potential 
of technology to enable disruptive col-
laboration. “The system vastly overvalues 
great ideas and undervalues execution,” 
said author Eric Paley. In our personal 
lives, most of us have allowed social 
media to transform how we socialize, 
work and learn. But manufacturing—and 
product development in particular—has 
been slow to allow technology to redefine 
key workflows that would impact every 
step of the value chain.”

One way to encourage collaboration is 
to eliminate artificial barriers keeping col-
leagues from working together. Startup 
CAD vendor Onshape says its cloud-
based approach to mechanical CAD 

encourages collaboration at the earliest 
stages of design by disrupting the isolat-
ing monolith of one person/one CAD 
tool. When multiple designers work on 
a project, all share access to the same 
model. Any team member can work on 
any part of the model at any time. There 
is no file to check in and check out; ver-
sion control is automatic and constant. 

Onshape uses Web Services, a refine-
ment of web technology that brings the 

“small pieces loosely joined” philosophy 
of the web to software development. 
Other vendors are exploring how to take 
advantage of Web Services technology 
to enable collaboration, encourage lean 
engineering processes and enable agile 
methodologies in product design.

Collaboration in engineering occurs 
on a continuum, says Systems Engineer-
ing Researcher A.M. Madni. There are 
four aspects: 

Siemens researchers are exploring ways to move complicated iterative 
simulation processes, such as this study of variables in heat sink design, into 
real-time design space exploration. Image courtesy of Siemens PLM Software.

The use of Web Services technology and a single cloud-hosted database 
allows Onshape to offer concurrent use for multiple engineers and on-
demand versioning. Image courtesy of Onshape.

For the third year in a row, DE survey respondents ranked collaboration as their 
top day-to-day challenge, beating out even budget and short deadline concerns.

Top Day-to-Day Challenge

0% 10% 20% 30% 40% 50% 60% 70% 80%

Collaboration

2017 DE Survey Responses 
2016 DE Survey Responses
2015 DE Survey Responses
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1. intradisciplinary collaboration 
occurs among colleagues within a 
discipline; 

2. multidisciplinary collaboration 
brings together colleagues from 
different disciplines; 

3. interdisciplinary collaboration 
occurs among the disciplines; and

4. transdisciplinary collaboration 
happens when there is knowledge 
unification across disciplines. 

To enable full collaboration, Madni ar-
gues that engineering must become more 
transdisciplinary in practice throughout 
the organization and with all allied ven-
dors. The rise of mechatronics in recent 
years is an example, as is the more recent 
trend of CAD and mechanical simulation 
companies acquiring electronics-oriented 
simulation products. But it takes more 
than tools to move to transdisciplinary 
collaboration. New best practices and 
new relationships with suppliers need to 
be established. 

Bringing Simulation  
into Real Time 
Today’s simulation software products are 
increasingly being used to investigate a 
variety of high-dimensional design spaces 
beyond what human imagination can 
conceive. Complicated assemblies can 
now be presented as a unit in CAD and 
CAE software at high fidelity. Topology 
optimization methods are creating new 
ways to create designs not previously ca-
pable of manufacture. Products to be cre-
ated by additive manufacturing are using 
generative design algorithms to create 
hollow chambers in objects that were 

previously carved from solid metal. A new 
generation of mold-design software prod-
ucts are used to create innovative, com-
plex designs for conformal cooling molds. 
Such spaces can require calculating more 
than 1 million degrees of freedom.

Until recently it was taken for 
granted that all CAE software would 
be running on CPUs, which approach 
computation primarily as a serial pro-
cess. But now that high-performance 
GPUs are common in engineering 
environments—which use parallel pro-
cessing to calculate graphics—vendors 
and institutional researchers are look-
ing at how to redefine the problems to 
take advantage of parallel processing. 
Researchers at Siemens are looking 
at several methods involving new ap-
proaches to grids and voxel-based cell 
analysis. The goal is to make analysis 
of complex high-dimensional design 
spaces available to engineers in real 
time. Such results will be presented ei-
ther on the screen or through VR.  

The Siemens research team of Ste-
fan Gavranovic, Dirk Hartmann and 
Phillip Stelzig believe the future of 
real-time solvers in high-dimensional 
design spaces will be “purpose-built ex-
ploration solvers,” which will generate 
both the design and the code for analy-
sis, used in real time for the creative 
processes. The first step will be interac-
tive cause-effect simulations for non-
experts that would bring the simulation 
process into initial design stages, but 
still require referral to high-end solvers 
and analysts for final verification. 

Earlier this year CAE vendor 
ANSYS introduced Discovery Live, a 
new tool for what they call pervasive 
simulation. The goal is to create CAE 
software that makes sense for use by 
the large percentage of engineers who 
currently never run analysis software, to 
point them in the right direction. “The 
what-if questions are important,” says S. 
Subbiah, vice president of global prod-
uct operations at ANSYS. “Accuracy 
[during design] is the wrong approach. 
You need directional accuracy.” 

Discovery Live, currently available 
as a technology preview online, runs 
on workstations equipped with newer 

NVIDIA GPUs. The software supports 
fluid, structural and thermal simulation 
applications. Users can run an analysis-
first approach to interactively explore 
and iterate with models. Automotive 
manufacturer Cummins is an early tester. 
“[Discovery Live] allows us to use mul-
tiple physics and the results are practically 
instantaneous, so we can get answers to 
the quick ‘what-if’ studies very quickly,” 
says Bob Tickel, director of structural and 
dynamic analysis at Cummins. 

What Engineers  
are Thinking About VR/AR
There is much discussion about what the 
role of VR and AR in product design and 
manufacturing. Digital Engineering re-
cently conducted a survey of readers on 
a variety of topics. One question was on 
the anticipated use of either VR or AR. 
Responses consistently pointed to inter-
active uses of the technology as opposed 
to review visualization. “It will help 
most when we have a human interfacing 
with the product,” said an engineer at a 
compressed air products manufacturer. 
“Where there are no humans interact-
ing, it is of little use.”  

“Preview systems prior to their imple-
mentation,” suggested an electronics 
engineer with experience as a software 
developer. “Also potential to use in field 
service applications.” 

“‘Live work instructions and as-
sistants,” are one way to use AR, said an 
engineer at maker of specialty forging 
equipment. “Easier communication with 
front line workers regarding new process 
and equipment installation and imple-
mentation.” DE

Randall S. Newton is principal analyst at 
Consilia Vektor, and a contributing analyst 
for Jon Peddie Research. He has been part of 
the computer graphics industry, in a variety of 
roles, since 1985.

INFO ➜ ANSYS: ANSYS.com

➜ Onshape: Onshape.com

➜ Siemens: Siemens.com/PLM

For more information on this topic, visit 
digitaleng.news
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ANSYS says its new Discovery Live 
makes engineering insights and 
trends instantaneous, regardless of 
changes to boundary conditions such 
as flow rates, material types and inlet 
pressure. Image courtesy of ANSYS.
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ENGINEERING TECHNOLOGY LEADER ||| COMSOL
Special Sponsored Section

AS NEW CONCEPTS are
investigated, the design of 
new products and processes 

brought to market must push the limits 
of technology. Multiphysics simulation 
software can boost your product design 
to help you bring innovative products 
to market while optimizing the use of 
resources throughout your organization. 
For example, multiphysics simulation 
reduces need for testing and physical 
prototyping, as it allows specialists to 
create models that take into account any 
physical interactions as they happen in 
the real world. Multiphysics simulation 
also enables collaboration among 
simulation specialists and experts in 
product design, as well as those in other 
departments using apps, which bring 
the predictive power of multiphysics to 
everyone involved in product design.

The COMSOL Multiphysics®

software is unique in the way it receives 
user input and generates a mathematical 
model on the fly, consisting of differential 
equations, to describe the physics 
phenomena of interest to the simulation 
specialist. This core technology allows 
simulation specialists to create their own 
expressions and multiphysics couplings 

by directly typing the mathematical 
expressions in the user interface. This 
approach to multiphysics is crucial in 
delivering the accuracy needed when 
designing today’s complex products 
such as transducers, batteries, audio 
components, and more.

However, with the shortage of 
simulation specialists, often the 
designer is an expert in the device being 
designed but not in the numerical 
methods and software needed to run 
a multiphysics model. Simulation 
specialists then find themselves 
creating a bottleneck for innovation. 
To address this obstacle and foster a 
culture of collaboration, the simulation 
specialists could build a user interface 
that simplifies the use of a multiphysics 
model by including only the input and 
output fields and reports needed by 
the device designer. Simulation experts 
using COMSOL Multiphysics® have
access to the Application Builder to 
create apps such as the one featured 
in the figure built by Sam Parler, 
Research Director at Cornell Dubilier, 
a leading manufacturer of high-quality 
capacitors, who comments: “I create 
apps for other departments to let them 

test different configurations for their 
particular requirements and pick the 
best design.” Apps can be published and 
accessed online through COMSOL 
Server™ software, which allows
simulation specialists to administer and 
update them.

The adoption of simulation 
apps brings predictive power into 
the hands of simulation experts 
and device designers alike. We are 
committed to fully support businesses 
in achieving their next breakthrough 
in technology by democratizing the 
use of simulation software.

Multiphysics Simulation and App  
Deployment Boost Optimal Product Design
From the simulation expert to the product designer, it’s never been 
easier to access the power of multiphysics simulation and achieve 
the next breakthrough in technology.

BY VALERIO MARRA, MARKETING DIRECTOR, COMSOL, INC.

Contact Information:
COMSOL, Inc.
Burlington, MA

+1 781 273 3322 • info@comsol.com

www.comsol.com

An app that calculates effective 
series inductance (ESL) of a single-
tab film capacitor. Simulation app 
provided courtesy of Cornell Dubilier.
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Special Sponsored Section

THE EVER-INCREASING 
demand for faster time-to-
market and the push to produce 

better, cheaper results ignited the use 
of simulations and the democratization 
of complex engineering approaches 
within the CAE industry. Now the 
call is for collaboration between 
different domains’ analysts and design 
engineers to assess impact on products 
design changes as early as possible 
and operate within a more efficient 
process. 

A collaborative environment 
where simulation and optimization 
knowledge is easily shared and ready 
to be re-used becomes essential. A 
software platform enabling real-time 
interaction between the design team 
and the experts with high performance 
optimization algorithms, integration 
and automation process, post 
processing results and visualization 
analysis tools is the answer.

ESTECO has been supporting 
engineers for about 20 years to make 
informed decisions on innovative 
ideas across multidisciplinary 
engineering practices. 
modeFRONTIER software platform 
offers a seamless coupling with third 
party tools, enables the automation 
of the design simulation process 

and facilitates analytic decision 
making with its multidisciplinary and 
multiobjective optimization solution. 
VOLTA helps manage all cross-
functional concurrent design steps 
by integrating multiple modeling 
formats, while the service-oriented 
architecture facilitates the execution, 
sharing and re-use of enterprise 
engineering knowledge.

Their combined use offers a complete 
collaborative platform, easily connected 
to PLM systems, that facilitates the 
journey toward standardization and 
interoperability of processes and 
simulation data management.

“Bringing different disciplines 
together and pursuing novel methods to 
successfully exploit optimization tools 
throughout the simulation chain, is a 
tough mountain to climb,” says Mikael 
Törmänen, Technical Expert MDO 
at Volvo Car Corporation, speaking 
about how the company is extending 
the MDO approach throughout its 
entire product development process. 
ESTECO is leading this enabling 
technology for the shift that brings 
together CAE, MDO and PLM 
components into a true, integrated 
MDO framework, reducing the effort 
to reach the top of this mountain.

Climbing the Optimization Mountain
Bringing together CAE, MDO and PLM components into a true, 
integrated MDO framework.

Contact Information:
ESTECO North America  

39555 Orchard Hill Place, Suite # 457, Novi, MI 48375 USA

ESTECO SpA AREA  
Science Park, Padriciano 99, 34149 TRIESTE (ITALY)

www.esteco.com
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T HE .DWG FILE FORMAT 
has been for decades the lingua 
franca for billions of technical 

drawings. As organizations now 
embrace new technologies, they realize 
that DWG-editing CAD software is 
becoming a utility they would like to 
deploy widely but at lower costs.

 Graebert sees an increasing number 
of users switching to the ARES®CAD 
software in search of increased agility. 
This agility takes form in cost savings, 
licensing options and our unique 
Trinity of CAD™ concept. 

With the move to Cloud computing 
and the rise of mobile devices, designers 
are eager to explore their impact on 
workflows and performance. Graebert’s 
solutions for DWG-editing on Mobile 
(ARES Touch™ for iOS and Android) 
and Cloud (ARES Kudo™) are aiming 
for no compromises in features. These 
technologies are not sold separately, 
but combined altogether with ARES 
Commander™, our desktop-based 
solution. Desktop, Mobile and Cloud 
are not replacing each other, but are 
working in high synergy. Our mobile 

users get live updates of the files being 
worked on at the office and can further 
share the modifications and annotations 
they make on site.

 With the ARES Trinity of CAD 
Software, the same user can install ARES 
Commander on multiple computers and 
work offline as usual. He can further use 
ARES Touch on all his smartphone(s) 
and/or tablet(s) to work on the go. 
Finally, ARES Kudo adds the agility of 
the Cloud. It can be used to read and edit 

drawings online, without any installation, 
but also significantly improves the 
workflows between Commander and 
Touch by synchronizing files across 
devices and users. 

With the switch of our competitor 
to a rental-only business model, many 
organizations are feeling trapped. 
Graebert keeps offering a choice between 
Perpetual and Annual licenses, as well 
as migration discounts facilitating the 
transition to ARES CAD Software.

DWG-editing is  
Entering a New Era
Desktop, Mobile and Cloud computing are converging 
to improve workflows across users and devices.

BY CEDRIC DESBORDES, SALES & MARKETING EXECUTIVE AT GRAEBERT

Contact Information:
Graebert GmbH

Nestorstrasse 36a

10709 Berlin, Germany

www.graebert.com
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The technology behind most of
today’s 3D CAD systems hasn’t
fundamentally changed in 20

years, leaving engineers in a state of
permanent design gridlock. What is
“design gridlock?” Unfortunately, many
of us instinctively understand the term
from bitter experience.

How many of us have wasted too
much time waiting—when we should
be creating? How many of these
comments make you instantly cringe?

• “Do we have the latest version of
the design?”

• “That file is from release 2015 of our
CAD system, we have 2014.  Sigh.”

• “I forgot to back it up.”
• “I can’t start until the file is

checked back in.”
• “I’m waiting for design

feedback.”
• “The file got corrupted. Need to

start over!”
• “The assembly blew up.”
• “Anyone got a license code?”

Onshape is a modern CAD
system built on a unique database
architecture that lets you focus on

doing your best work—unlike old
CAD systems that keep slowing you
down with administrative hassles and
restrictive workflows.

We built the industry’s only
professional 3D CAD system as a
secure cloud workspace that unites
your modeling tools, design data and
data management in one central place.
No software or files are ever copied
anywhere. Every user is always on the
same version of Onshape—the latest
one. There’s no checkout, no locking,
no crashes and no lost work. Version
control and access control are built-in

and effortless—no PDM headaches
blocking your workflow.

Petrak Industries, which builds
systems to safely move fluids and
gasses for factories, credits Onshape’s
Sharing feature with recently saving
them 5 weeks on a tight deadline
for an oil company. Instead of
emailing static CAD screenshots
back and forth, design teams can now
share their master 3D models with
customers and make improvements in
real time.

The future of CAD is already here.
Say goodbye to design gridlock!

Why is the CAD Industry
Stuck in the 1990s?
Engineering teams need to free themselves from design gridlock.

BY JON HIRSCHTICK, CEO & CO-FOUNDER, ONSHAPE

Contact Information:
Onshape

Cambridge, MA

www.Onshape.com
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THE DEMAND FOR constant
innovation is one of the top chal-
lenges facing design engineers,

no matter the industry. At the same
time, this demand offers developers sig-
nificant opportunities to bring innova-
tive solutions to market.

Digital manufacturers like Proto
Labs help power those innovative
solutions that design engineers will be
creating, by:

• Accelerating upfront development
time

• Enabling engineers to design
better parts

• Reducing costs and other risks
Consulting firm CIMdata estimates

that digital manufacturing improves
time-to-market by 30 percent.

Speed
Proto Labs delivers prototypes
and low-volume production parts
quickly. Our automated quoting
system provides interactive quotes
within a few hours, parts within days.
Designers and engineers also like
our short manufacturing turnaround
times that support multiple design
iterations. Bottom line: development is
accelerated, products are launched to
market faster than before.

Better Parts
That automated quoting system
mentioned includes free design analysis
for every part quoted, which highlights

potential problems and provides
immediate solutions. Applications
engineers are also available to discuss
design challenges and offer support.
Plus, Proto Labs provides a suite
of manufacturing services to give
developers a mix of manufacturing
options that include 3D printing, CNC
machining, and injection molding.

Reduce Risk
Proto Labs also helps reduce overall
supply chain risk through:

• Cost-effective aluminum tooling
that validates design before
moving to steel tooling

• Manufacturing scale to relieve
capacity issues and production delays

• On-demand production to manage
demand volatility.

Real-World Examples
Examples abound of companies that
have turned to Proto Labs for digital
manufacturing help. Three recent
examples:

• Defense contractor Harris
Corporation received insert-
molded parts within 15 days, in
contrast to a traditional molder that
quoted two to three months

• Tech company Whoop Inc.
saved more than two weeks in
overall prototyping and now sets its
line of wearable fitness products on
1-year, 18-month, and 2-year cycles
to compete with Fitbit and Apple.

• A German automotive OEM had
parts molded and shipped in less
than seven days for an engineering
pilot run.

Creating the Future
Proto Labs’ rapid manufacturing helps power innovative solutions, products.

Contact Information:
5540 Pioneer Creek Drive, Maple Plain, MN 55359

Phone: 877-479-3680

Email: customerservice@protolabs.com

www.protolabs.com
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CONSUMERS TODAY want
smart products, tailored to
personal needs, preferences

and habits. To satisfy these needs,
manufacturers have to come up with
increasingly complex designs that
combine mechanics with electronics,
software and controls. At the same
time, the industry mandate for energy
efficiency persists.

All these new challenges require
engineering departments to deal with
more parameters, data and product
variations in less time. To be successful,
their traditional verification and
validation process will need to evolve
into a more predictive approach that
truly drives systems-driven product
development, and closes the loop with
the product in use.

Forward looking companies across
different industries are leveraging
digital twins to speed up product
development. Siemens PLM Software
provides solutions that help our
customers build, manage, and utilize
holistic digital twins, spanning activities
in product design, manufacturing,
and in-service performance. Our
Simcenter™ portfolio consists of
proven solutions that specifically
deliver digital twins for performance

engineering. These digital twins have
the realism necessary to capture the
complexities arising from different
types of physics—such as structural,
thermal, flow, motion, electromagnetic,
and multiphysics scenarios. In
addition, Simcenter provides solutions
to maintain a digital thread for
performance requirements, attributes,
parameters, and results.  This enables
companies to maintain full traceability
and close the loop from requirements
to actual performance. Simcenter also
includes leading solutions that enable
our customers to explore the design

space efficiently and arrive at better
designs faster.

In summary, the Simcenter solutions
portfolio uniquely combines systems
simulation, 3D computer-aided
engineering (CAE), and test to help
you build digital twins that predict
performance across all critical attributes
earlier. By combining physics-based
simulations with insights gained from
data analytics, Simcenter helps you
optimize design and engineer innovations
faster and with greater confidence.

Learn more about Simcenter at
www.siemens.com/Simcenter.

Simulation and Test Solutions
for the Holistic Digital Twin
Span activities in product design, manufacturing, and in-service performance.

Contact Information:
Siemens PLM Software

www.siemens.com/plm
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THE TRADITIONAL PCB-
centric design process is being 
replaced by a system-centric 

process. The system can be defined as 
the final product (e.g., camera) or one of 
the many components that comprise a 
product (e.g., 1 of 80 electronic control 
units in a car). Product complexity is 
driving this profound shift away from 
a focus on detailed design toward a 
systems engineering approach. 

We see the system-centric design 
process requiring a convergence of 
detailed design disciplines towards 3D 
(e.g., PCB, mechanical, electrical) while 
expanding the process to include Model 
Based Systems Engineering (MBSE) and 
hardware architecture design. Design 
complexity is driving the formalization 
of requirements capture, use cases and 
design structure. The model then moves 
to system- or product-level architecture 
optimization. The need for improved 
productivity is driving the need to 
converge detailed design disciplines into 
a 3D co-design environment.

Zuken’s CR-8000 is the only native 
3D system design platform with 
PCB, MCAD and electrical co-design 
capabilities. Beginning with system- or 
product-level architecture design, a 

user can examine and optimize a new 
design across functionality, multi-board 
planning, board-to-board connectivity, 
MCAD enclosure and parametric 
targets such as weight and cost. If this 
is a system of systems product, the 
subsystems can be interconnected 
via wire harnesses using another 
architecture tool. The result is an 
optimized product or system of systems 
product architecture that is ready for 
detailed design.

CR-8000 moves the architecture-

optimized design seamlessly into detailed 
design, preserving all the architectural 
decisions without any data re-entry. 
Using CR-8000’s 3D PCB design 
platform, the system can be implemented 
and verified as a multi-board system with 
the MCAD enclosure.

Zuken’s innovative approach to 
system design addresses the growing 
complexity of product development by 
raising the design abstraction from the 
PCB to a multi-discipline system. Get 
to know Zuken…

A System of Systems  
Design Approach

Contact Information:
Zuken USA Inc.

238 Littleton Rd, Ste 100, Westford, MA 01886

978-692-4900 | 800-356-8352

info@zukenusa.com

www.zukenusa.com

Design complexity is driving design process expansion 
and multi-discipline co-design.

BY BOB POTOCK, VICE PRESIDENT OF MARKETING AT ZUKEN
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Perhaps the greatest challenge lies in the fact that driv-
erless vehicles must have sensing and control systems that 
exceed the capabilities of human drivers. To understand the 
environment in which they operate, autonomous cars will 
rely on a combination of sensors, which will include ultra-
sonic, image, radar and lidar sensors. Each sensor technology 
will add a layer of information, which—when combined with 
the information provided by the other sensors—will create a 
detailed picture of the vehicle’s surroundings.

Together, these sensing devices will digitally map all 
relevant elements of the vehicle’s operating environment, 
enabling it to navigate highway systems, detect obstacles, 
conform to traffic laws and determine the car’s response to 
fast-developing problems. “To create a viable automated 
car, it is important to recreate reliable judgment,” says Vik 
Patel, segment marketing manager at Infineon Technolo-
gies. “Here, sensors play a key role by replacing all of the 

driver’s senses. The complexity and reliability of human 
perception can only be recreated with technology if mul-

The Technologies Driving the 
Autonomous Car

Possibly the greatest challenge for autonomous vehicles is that driverless 
vehicles must have sensing and control systems that exceed the capabilities 
of human drivers.

BY TOM KEVAN

T oday, human error causes nearly 96% of all motor 
vehicle collisions. Automotive engineers hope to 
dramatically change that with the development of 
the autonomous car. Once thought to be the stuff 

of science fiction, these vehicles will likely begin to appear on 
the highways three years from now. But, a lot must happen 
before the driverless car goes mainstream.

ABOVE: Some autonomous vehicle designs include as 
many as 10 radar sensors, together with camera, laser 
(Lidar) and ultrasonic systems. Working together, these 
sensing systems create a detailed map of the vehicle’s 
surroundings, ensuring safety and enabling navigation. 
Image courtesy of Infineon Technologies.

TOP: The latest manifestation of the digital revolution, the 
autonomous car, stands poised at the verge of leaving 
the research lab and entering the mainstream. This 
mind-boggling advance represents the latest product of 
the union of sensors, communications, processors and 
software. Image courtesy of Melexis.

Automotive ||| SENSORS
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tiple, diverse sensors detect various aspects of the environ-
ment simultaneously.”

Sensing the driving environment, however, represents 
only part of the challenge. Autonomous driving systems must 
be able to convert sensor data into actionable information 
fast enough to allow the control system to react to real-time 
situations. This will require substantial enhancement of pro-
cessing capabilities across the sense, compute and actuate 
function blocks of vehicles. Image sensors and other sensing 
subsystems significantly increase the processors’ workloads, 
and system complexity will increase exponentially to achieve 
the level of functionality and dependability required by au-
tonomous vehicles.

Sounding Out Obstacles
The sensors that will enable autonomous driving vary greatly 
in complexity and functionality. Perhaps the simplest sensing 
device used in this application is the ultrasonic sensor. These 
sensors transmit a high-frequency sound pulse and then mea-
sure the length of time it takes for the echo of the sound to 
reflect back.

Ultrasonic sensors facilitate parking and slow-speed 
navigation in congested spaces. For example, when moving 
around in a parking garage or through busy city streets, these 
devices enable the vehicle to maneuver adroitly in dense traf-
fic and through narrow spaces.

The sensors’ strength lies in their ability to measure distance 
to objects with great precision. “No other sensor can measure 
short distances down to a few centimeters while having at the 
same time a medium-range capability of about 7 meters,” says 
Peter Riendeau, project manager for development at Melexis.

Their weakness is the slow speed of their signals (sound 
waves) and the relatively slow update rate. As a result, they 
perform well only at speeds of less than 10 mph. Another 
limitation is their performance in bad weather. Buildups of 
ice and snow on the face of the sensor attenuate its signals.

Despite these flaws, ultrasonic sensors provide a simple, 
low-cost alternative to more sophisticated systems. In addi-
tion, they can work with other types of sensors, such as radar 
and lidar, which do not provide measurement resolution at 
close range.

Adding Vision
Image sensors add another dimension of awareness to the au-
tonomous car, performing a role similar to that of the driver’s 
eyesight. These devices can detect color, shapes, textures, 
contrast and fonts, enabling the control system to interpret 
traffic signs, traffic lights and lane markings, as well as detect 
and classify objects.

Specialized camera systems can extend the car’s “percep-
tion” even further. For example, stereo cameras can provide 
3D vision, facilitating range determination. And sensors with 
infrared light sources can “see” greater distances at night 
without resorting to high-brightness, visible-wavelength light 
sources, which can blind oncoming drivers.

Another advance in vision sensing can be found in 
the time-of-flight (ToF)-based image sensor, which mea-
sures the time it takes for the infrared light to go from 
the camera to the object and back. “This time relay is 
directly related to the distance of the object,” says Patel. 
“Compared to other 3D measurement methods, with ToF, 
the depth data is measured directly and doesn’t need to 

Ultrasonic sensors enable the autonomous car to perform slow-speed, precision maneuvers, such as (a) moving 
through busy city streets and (b) parking. Although they are effective only at speeds less than 10 mph, ultrasonic 
sensors deliver detection precision measured in centimeters. Image courtesy of Melexis.

a b



digitaleng.news /// December 2017          DE | Technology for Optimal Engineering Design  37

be determined via complex algorithms.
Despite these advances, vision technology still needs im-

provements in certain areas. For example, the range of most 
cameras falls short. The “sight” of these sensors should be 
extended to 250 meters to enable more anticipatory driving. 
In addition, adverse weather conditions and lighting extremes 
can cripple image sensors. Compounding these problems, as 
the resolution of these sensors increases, so does the need for 
greater levels of processing. This in turn increases operating 
costs and power consumption.

Finally, recognition algorithms must be improved. An 
example of this shortcoming can be seen in the fact that the 
software recognizes pedestrians only 95% of the time, which 
is bad news for the remaining 5%.

In addition to these factors, design engineers should also 
be mindful of bus speeds and the network’s ability to handle 
the large quantities of data generated by cameras. “Using vi-
sion sensors implies that the data stream will need to reach 
the processing resources with as little delay as possible,” says 
Riendeau. “Currently, automotive bus speeds are far behind 
those of typical office data networks. Deploying a high-speed 
digital data bus in a vehicle is incredibly challenging due to 
the many noise sources present. The tradeoff between pre-
processing signals at the sensor and having raw signals for 
analysis at the control system is a challenge for autonomous 
driving system architects.”

Radio Detection and Ranging
Another sensor that plays a key role in the autonomous car 
is radar, a sensor that has a long history with the automo-
tive industry. These sensors determine the location, speed 
and trajectory of objects around the vehicle by measuring 
the time that elapses between transmitting a radio pulse and 
receiving the echo.

Radar sensors come in short-, medium- and long-range 
models, supporting ranges of 0.2-30 meters, 30-80 meters 
and 80-200 meters, respectively. In the autonomous driv-
ing application, deploying short- and long-range radars all 
around the vehicle enables the system to track the speed 
of other vehicles in real time and provide redundancy for 
other sensors.

Radar outperforms cameras and lidar in bad weather, but 
it has less angular accuracy. In addition, radar generates less 
data than cameras and lidar. This is good and bad. It means 
that reduced demands are made on the vehicle’s bus, but it 
also means the system has less information upon which to 
base its decisions.

Unique among all the sensors used in autonomous cars, 
radar does not require line of sight because radio waves are 
reflective. This means the sensor can use reflections to see 
behind obstacles.

Although radar offers significant advantages, growing 
safety and reliability requirements highlight areas of radar 

technology that need improvement. For instance, 2D radars 
cannot determine an object’s height because the sensor only 
scans horizontally. This deficiency becomes relevant when 
the vehicle passes under a bridge or enters a parking garage 
with a low entryway. 3D radars will remedy this shortcoming, 
but they are still being developed.

Mapping the Operating Environment
One of the newer sensing technologies used in autonomous 
cars is lidar, or light direction and ranging. This technology 
uses ultraviolet, visible or near infrared light to image objects, 
determining the distance between the autonomous vehicle 
and an object by measuring the time it takes for the light to 
travel from the sensor to the object and back again. Lidar 
sensors deployed in automotive systems typically use 905 
nm-wavelength lasers that can provide ranges of 200 meters 
in restricted fields of view, enabling the sensor to generate a 
detailed 3D map of the vehicle’s surroundings. Some compa-
nies even offer 1550 nm lidar, which delivers greater range 
and accuracy.

This mapping process generates huge amounts of data, 
delivering significant benefits. “The sensor finely and rapidly 
slices the world around the vehicle, generating between 300K 
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to 2.2M data points a second,” says Anand Gopalan, CTO of 
Velodyne. “This rich data set can be used to perform a variety 
of functions critical to autonomy, such as generating a high-
definition 3D map of the [vehicle’s] world, localizing the 
vehicle in real time within this map, and sensing, identifying, 
classifying and avoiding obstacles.”

The downside of creating such large amounts of data is 
that it requires autonomous vehicles to have very powerful 
processors to handle the information. This raises the cost of 
designs and taxes the vehicle’s communications bus, poten-
tially compromising real-time decision-making.

This impressive data collection ability is not hindered by 
harsh lighting conditions, as is often the case with other sen-
sors, like cameras. Lidar sensors mitigate the effects of ambi-
ent light extremes by using optical filters. The filters not only 
counter sensitivity to harsh lighting but also prevent spoofing 
from other lidars.

Despite its many strengths, this sensor technology faces 
serious hurdles that preclude it from meeting critical criteria 
required for autonomous driving. One of the automotive in-
dustry’s most pressing challenges lies in the development and 
manufacture of automotive-grade, solid-state lidars for mass-
market vehicles.

“The lidars on the market today, which are used in AD 
[autonomous driving] prototype developments, are quite sim-
ply incapable of meeting the requirements for mass-market 
AD deployments,” says Pier-Olivier Hamel, product man-
ager, automotive solutions, at LeddarTech.

The factors behind this challenge can be seen by examin-
ing the features of the two main categories of lidar sensors. 
The first type, flash, or solid-state, lidar, uses a fixed, diffuse 
beam, and the technology is low-cost, small and robust. Its 
range and resolution, however, have historically been limited, 
which significantly restricts the technology’s usefulness for 
autonomous vehicles. The second type, mechanical scanning 
lidar, is powerful, using collimated laser beams to scan up to 
360° around the outside of a car. The drawbacks with this 
type of lidar are that its complex design makes it difficult to 
manufacture and maintain, and its price is prohibitive for 
mass-market deployment.

Recently, however, some design teams have begun to shift 
from using mechanical scanning lidar to solid-state lidar. 
Solid-state sensors currently have lower field-of-view cover-
age, but their lower cost may open the door for using mul-
tiple sensors to cover a larger area.

One approach that promises to resolve the cost/perfor-
mance dilemma is to use signal processing algorithms to ac-
quire, sequence and digitally process light signals to improve 
the sensitivity of solid-state lidar’s immunity to noise and 
data-extraction capabilities.

Complementary Data Streams
One of the fundamental concepts of autonomous car de-
signs is that one sensor can’t be good at everything. Some 
excel at performing some tasks, but are inappropriate for 
other tasks. “Autonomous driving technology requires a 
comprehensive suite of sensors to collect all necessary in-
formation needed to recreate a vehicle’s environment,” says 
Hamel. “This advanced ‘artificial vision’ enables the vehicle 
to navigate safely and perform required decision-making 
while en route to a destination.”

But this reliable decision-making does not require unani-
mous agreement among the various sensors. “Based on col-
lected information from camera, radar, lidar and also ultrasonic 
systems, a car can make a so-called ‘two-out-of-three’ decision,” 
says Patel. “If two out of three values coincide, this value is inter-

In this image, radar and lidar work together to 
determine safe driving distances between vehicles. The 
autonomous driving system leverages radar’s ability to 
“see” long distances and function in bad weather. Lidar, 
on the other hand, provides a more comprehensive 
picture of the vehicle’s surroundings. Use of these two 
sensors provides redundancy and precludes catastrophic 
failure. Image courtesy of Infineon Technologies.

A centralized architecture like Mentor Graphics’ 
DRS360 autonomous driving platform connects raw 
sensor data directly to a centralized compute module. 
This approach promises to better preserve the integrity 
of sensor data and complete the fusion process with 
little or no latency. Image courtesy of Mentor Graphics.
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preted as being correct and is then further processed. The dif-
ferent characteristics of each sensor technology increase safety 
by providing complementary data.”

The complementary data streams also prevent system-wide 
failure. “The different spectrums being applied by each technol-
ogy make their data streams complementary, but not strictly 
redundant,” says Riendeau. “The goal is to have multiple sensing 
technologies that can provide the system with ‘graceful degrada-
tion’ in performance. This means the car’s overall sensing sys-
tem has the ability to maintain limited functionality even when 
a significant portion of it has been compromised. Essentially, 
graceful degradation prevents catastrophic failure … Instead, the 
operating efficiency or speed declines gradually as the number 
of failing components grows.”

Making the Leap from Sensing to Control
Achieving the right mix of sensors and optimizing their 
performance for autonomous driving is important, but this 
application also requires that the system analyze sensor data 
and react to even the most complex driving scenarios in real 
time. This is where sensor fusion comes into play. The catch 
here is that the data processing where fusion occurs must be 
tailored for minimal latency.

The sensors enabling autonomous driving generate mas-
sive amounts of data. “The challenge here involves capturing 
all these data in real time, pulling it together to create a full 
model of the vehicle’s environment, and then having the ca-
pability to process the data in real time while adhering to the 
stringent safety and power requirements of the automotive 
market,” says Amin Kashi, director of ADAS and autonomous 
driving at Mentor Graphics.

These demands go a long way in determining the process-
ing and communications resources required by autonomous 
driving. “To achieve a fast decision time, you need the right 
data at the right time—high-speed network, with low la-
tency—and your computer must be able to process in parallel 
a significant amount of data,” says Marc Osajda, business de-
velopment manager for MEMS sensors at NXP.

To meet these requirements, development teams have 
been looking at two approaches. In the first, all data process-
ing and decision-making occurs at a single, centralized loca-
tion in the vehicle, working with raw, or unprocessed, data 
provided by the various sensors. The second is a distributed 
system, where preprocessing occurs locally at the sensor node 
before “data objects” are passed downstream, where sensor 
fusion takes place.

In the centralized approach, the sensors send all the data 
they capture—unprocessed—directly to the central computer 
for fusion and decision-making. This architecture promises 
to better preserve the integrity of sensor data by providing 
the central computer with all the data available to make the 
appropriate decision. “In raw data systems, all captured data 
is fused in its ‘raw’ state, meaning you preserve the data fully 

intact and then fuse that raw data in time and space,” says 
Kashi. “Afterwards, raw data systems can process only the 
portions of these data that are relevant to each unique situa-
tion and required by each specific application.”

There is, however, a downside to this approach. “The 
drawback of such a configuration is that the central computer 
must manipulate and analyze a lot of data, and then you also 
need a rather powerful and large-bandwidth communication 
link between the sensors and the central computer to transfer 
all the raw data,” says Osajda.

On the other hand, in a distributed architecture, micro-
controllers at the sensor node pre-process the raw data so 
that only the most relevant information [objects] is passed 
on to the central processor for decision making. “This archi-
tecture requires more computing power at the sensor nodes 
and can eventually introduce some latency in the decision 
process,” says Osajda. “However, the benefit is that you don’t 
overload the central computer with a huge amount of data. 
The choice really depends on the capabilities of your sensors, 
the bandwidth of your network and the processing capability 
of your central brain.” DE

Tom Kevan is a freelance writer/editor specializing in engineer-
ing and communications technology. Contact him via de-editors@
digitaleng.news.
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Today’s automotive bus systems consist of miles of 
cabling and must contend with numerous noise sources. 
As a result, design engineers selecting sensors and 
architectures for autonomous vehicles must be sure 
that the bus system can handle the volume of data 
generated by each type of sensor without compromising 
performance. Image courtesy of Mentor Graphics. 



PROTOTYPE ||| DfAM

40  DE | Technology for Optimal Engineering Design        December 2017 /// digitaleng.news

But that complexity comes at a cost, and many early 
adopters experienced the pain of failed builds, expenses and 
out-of-spec parts because they did not fully grasp the re-
quirements and limitations of the support structures, new 
materials and post-processing steps needed to bring those 
designs to life. Traditional CAD design practices and simula-
tion processes have also proven challenging to migrate into 
the 3D printing world.

Design for additive manufacturing (DfAM) requires a 
new way of looking at parts—redesigning them for print 
operations rather than adapting existing drawings. Com-
mon features like horizontal circular holes raise new design 
considerations, even as AM processes may reduce complex-
ity in other areas. 

Designing for specific manufacturing methods isn’t any-
thing designers don’t already face—if a part is going to be 
milled, you have to consider the tool path; injection molding 
requires thinking about draft angles. 3D printing requires 
learning a new set of limitations and requirements, while also 
adopting a new mindset when it comes to taking advantage of 
the benefits of the technology.

“What we’ve found with 3D printing is really that a lack of 
education causes these roadblocks,” says Ben Redwood, director 
of supply chain at 3D Hubs and co-author of “The 3D Printing 
Handbook.”

 “People are aware that there are limitations, but they don’t 
know what they are,” Redwood adds.

Those limitations and possibilities can vary significantly 
depending on what type of printing process you are using. In 
the book, Redwood and co-authors Brian Garrett and Filemon 
Schöffer outline the differences in support structure require-
ments, finish quality, post-processing and other elements for 
the major 3D printing technologies. Each one has strengths 
and weaknesses depending on the part type and application.

Starting from Scratch
“Engineers are looking at redesigning parts in an entirely new 
way,” says Tod Parrella, senior product manager for NX Design 
solutions at Siemens PLM Software. Siemens’ own gas turbine 
division was able to consolidate more than a dozen components 
in a burner assembly into a single design using additive manu-
facturing, but “the possibilities opened up using additive in the 
actual design of parts aren’t free by a long shot,” Parrella adds. 
“There is a whole new set of design constraints that needs to be 
considered.”

Those constraints are numerous, but some of the most com-
mon elements that can lead to a failed build or add expense or 
time to the process include:

Layer Height: For processes where material is deposited in 
uniform layers, the height of layers affects build time and finish 
quality. Generally speaking, the thicker the layer, the faster the 
print, but the rougher the finish. 

Wall Thickness: This can be a challenge for companies 
trying to migrate an existing design that was previously 
injection molded or machined to a 3D printing process. 
“People will try to create extremely thin or thick geometries 
based on conventional methods,” says Allen Kreemer, senior 

Design for 3D Printing
Additive manufacturing will require new software tools and 
a new approach to product design.

A stereolithography machine with parts being printed. 
Image courtesy of Proto Labs.

BY BRIAN ALBRIGHT

3D PRINTING/additive manufacturing (AM) has 
opened up new flexibility and possibilities when 
it comes to design. Engineers can create complex 
shapes and combine multiple parts into one in ways 

that were not cost-effective to produce using traditional 
machining or injection molding.
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manager of applications engineering at Stratasys.
Very thin walls won’t survive the print process, while very 

thick structures will result in slow builds and higher costs. 
“Don’t print a brick,” Kreemer says. “It’s inefficient and ex-
pensive. You want to hollow out or use a honeycomb fill for a 
thicker geometry, and even that still requires a large volume of 
material that may be cost-prohibitive.”

Wall thickness also affects material curing rates (with some 
processes) and part performance. “If you design a hinge or a 
snap fit, the wall thicknesses around those features are going to 
affect how the part works,” says Jon Eric Van Roekel, process 
engineering manager for 3D printing at Proto Labs.

Shrinkage/Warping: Again, this can vary based on the 
material and printing process. As the material cools during the 
build, different features can warp or shrink, which causes crack-
ing. Consistent wall thicknesses can help avoid this, as can part 
orientation on the print bed.

Supports: Holes, overhangs, edges and other surfaces may 
require support structures during the build process that have to 
be removed in post-processing. Removal of the supports can af-
fect the final finish quality. In addition, a design that requires too 
many supports can result in large amounts of expensive scrap 
material and slower build times.

For some processes, water-soluble supports can be easily 
washed away in post-processing. Others require time-consum-
ing machining or sanding.

Designers can reduce the need for supports by avoiding 
sharp overhangs and angles. “You can design around self-sup-
porting angles so you don’t need the supports running up the 
side of the part,” Kreemer says. “That also improves build speeds 
and reduces cost, as well as shortens post-processing time.”

Orientation: The orientation of the part in the print bed can 
have a significant effect on build times, the need for supports 
and even the strength of the final product. In Fused Deposition 
Modeling (FDM) and other processes, the layering of the mate-
rial during printing can affect part strength. Parts under tension 
should be printed with the build direction parallel to the load.

Orientation is an important topic designers should discuss 
with the manufacturing team. “It’s often a surprise to customers 
because it can jack up the lead times and time-to-part, and also 
significantly affect the part price,” Van Roekel says. 

Variability: With the exception of expensive, high-end pro-
duction systems, 3D printing still generates a lot of variability 
in quality. The same machine can give you different results de-
pending on the time of day, the operator or the age of the mate-
rial being used.

Many AM systems can require a significant amount of main-
tenance and calibration to ensure part consistency. “AM is not 
nearly as stable as injection molding,” Van Roekel says. “We’ve 
seen in the past a lot of variability and dimensionality, as well as 
differences in surface clarity of parts. We put a lot of effort into 
maintenance and tracking all of the compensation values so we 

Which technologies do you think will have the biggest impact on product design 
and development over the next 5 years?
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can reduce the amount of variance both machine to machine, 
and build to build.”

Holes: There are two types of challenges when it comes to 
holes. First, some print processes (like those using powder) re-
quire escape holes so that excess material can be evacuated dur-
ing or after the build.

The holes can be plugged or filled after printing if they af-
fect the performance of appearance of the part. “Putting holes 
all over a design doesn’t always appeal to people, but once we 
explain the risk of the print failing, they are usually open to it,” 
Redwood says. “There are solutions, such as plugging the holes 
and sanding them. Quality is really the main driver.”

Holes that are part of the actual design present different 
challenges. To print a circular, horizontal hole requires a sig-
nificant amount of support material. Luckily, in the 3D printing 
world, holes no longer have to be circular.

“Over the years, we’ve found that no matter how perfectly 
the machine can print, never trust a round hole to come off 
that machine, regardless of part orientation,” Kreemer says. 
“Every operator winds up reaming out the holes using conven-
tional methods.”

Because of this, Kreemer says that with FDM machines, 
Stratasys recommends designing undersized square holes that 
are rotated 45°. “If you make a hole round, the software is going 
to generate a support inside that hole, which slows you down 
and wastes material. If you convert that to a square and rotate it, 
the software ignores it and doesn’t add a support. Once the build 
is done, that square hole is a perfect center point for the drill to 
ream out the hole after the fact.”

Companies that are new to additive must realize that using 

additive versus machining or injection molding is not always an 
either/or proposition. Metal parts may need to be machined to 
obtain the correct surface finish, for example, or holes may need 
to be widened or drilled after the fact. The design may also need 
adjusted to accommodate those post-processing operations.

“That’s another area where engineers are going to have to 
think about these issues, and learn to go through an iterative 
process to modify the design so they get a final part that meets 
their requirements,” says Bob Yancey, director of manufactur-
ing and production industry strategy and business development 
at Autodesk. “Having more intelligence in the design tools to 
guide them upfront so they can go through fewer physical itera-
tions is going to be important.”

Software Evolution
However, modifying designs so that they are optimized for AM 
is still a process that often happens later rather than sooner. 

“One of the impediments is that CAD software generally 
being used in industry was designed for traditional manufac-
turing processes,” Yancey says. “Being able to represent some 
complex geometries can bog down a CAD system. There is also 
a lack of understanding and experience within the design com-
munity in how to design for additive and take advantage of some 
of the unique capabilities it presents, as well as address its limita-
tions and constraints.”

Siemens has implemented a suite of design validation and 
checking capabilities to help ensure designs are optimized for 
manufacturing. “We are taking those tools and extending them 
to consider design for additive,” Parrella says. “We have tools 
that can run those checks very quickly and show where the 
manufacturing engineers are going to build supports based on 
the orientation of the part.”

That opens up a dialogue between the design and manufac-
turing engineers, because the design or the orientation can be 
changed to alter the location of supports, or reduce the need for 
them by creating features that are self-supporting.

There are also services like 3D Hubs where designers can 
upload a file and do a quick analysis on which technology is 
most suitable for the application, or where designer features 
might need altered for additive.

That level of automation and intuitive software interaction 
doesn’t exist on a wide scale yet. “We’d love to be there at the 
beginning of the drawing stage,” says Stratasys’ Kreemer. “We’re 
really at the mid-mark now with tools that can alter a current 
design. If you can import a design and apply all of these rules in 
an automated setting, that will be a huge leap. That’s where the 
industry needs to go. There’s also room for more software part-
nerships and even acquisitions to make this seamless.”

Simulation is also an evolving area when it comes to addi-
tive, because the build process itself has to be worked into the 
simulation—and the existing knowledge base relative to materi-
als and other elements is still emerging. “A good example is heat 
buildup when using fused metal deposition,” Parrella says. “Heat 
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buildup in the part is going to cause all sorts of challenges with 
how the final part shape ends up. Support structures can remove 
heat from the build process and affect part warping.”

There is also much greater reliance on materials and pro-
cesses when it comes to qualifying parts for stringent applica-
tions like aerospace and automotive. Manufacturers will need to 
validate their entire additive manufacturing process to ensure 
part quality—and that includes how materials were sourced, 
handled and stored.

That’s going to be difficult in some cases because the ma-
terial data is still being created, and new types of structures 
will require additional analysis. “It’s very difficult and time-
consuming to get good simulation and correlation because 
we just don’t have consistent XYZ properties,” Kreemer says. 
“And we’re still not able to simulate around a failure—occlu-
sion or voids in a build.”

Lattice structures are a good example, Yancey says. “There’s 
not been a good way to simulate those types of structures,” he 
says. “The research is going on, but there’s no successful strategy 
for simulating lattice yet.”

Generative design approaches will also be important—de-
signers can specify variables, constraints and objectives, and then 
let the software generate design iterations that factor in those 
variables. “Our generative design approach can help come up 
with a range of solutions that an engineer can sort through and 
determine what type of geometry will best meet engineering 
and business needs,” Yancey says of Autodesk. “For AM, par-
ticularly in metals, that allows engineers to test designs before 
building them to make sure they won’t have issues with residual 
stresses or distortions.”

Other advancements like topology optimization will also 
help improve the simulation of the entire process. “You upload 
the part in a large, bulky shape and then add loads and param-
eters to simulate the environment,” Redwood says. “You can 
design for uniform wall thickness, or ways to dissipate heat. That 
opens up the door for more repeatability.”

A New Design Mindset
The adoption of 3D printing for manufacturing will require 
enterprise-level disruption and a new approach to product de-
velopment. It will also require a lot of research and experimenta-
tion, as well as ongoing DfAM education.

Yancey says that many companies with AM groups have 
turned to younger engineers who aren’t biased by their experi-
ences with traditional manufacturing processes. “There is a lot 
of retraining that needs to happen with existing design engi-
neers, and we have to develop curriculums in our schools that 
can train them for additive manufacturing. The bulk of current 
curriculums are really built around traditional approaches.”

Manufacturers also have to make the leap to designing specifi-
cally for AM. “The worst case is to try and print a molded part,” 
Kreemer says. “If they only issue one set of drawings around 
injection molding, it’s not going to work. But they aren’t willing to 

invest in redesigning for additive. Companies will need to make 
a bold move and say, ‘This part will only be printed for the life of 
the product,’ so they aren’t doubling the design time.”

Not every part or assembly is going to be a good candi-
date for AM, or may require multiprocess manufacturing 
that combines printing with machining or other approaches. 
Companies will need to balance additive’s ability to reduce part 
complexity, weight and or cost against the inherent complexi-
ties that come with 3D printing. 

“When people come fresh to the technology, they do 
think that anything is possible, but that’s just not the case at 
the moment,” Redwood says. “You have to present the limita-
tions and design requirements of the process, and adjust the 
design accordingly.”

Ultimately, more of these considerations will be part of an 
automated process much earlier in the design phase, whether 
through generative design approaches or analytic tools that 
can evaluate designs based on their compatibility with differ-
ent AM processes. 

There will also need to be more collaboration among manu-
facturing, design and R&D engineers. “That’s a big cultural 
shift,” Kreemer says. “We either have to move to a more well-
connected R&D and production staff, or create more oppor-
tunities for production engineers to tinker and test new things. 
That’s difficult, because they just aren’t wired that way. Creating 
innovation centers can allow for that experimentation.” DE

Brian Albright is a freelance journalist based in Cleveland, OH. He 
is the former managing editor of Frontline Solutions magazine, and 
has been writing about technology topics since the mid-1990s. Send e-
mail about this article to de-editors@digitaleng.news.

A multi-jet fusion part. Image courtesy of Proto Labs.



WORKFLOW ||| System Engineering

44 DE | Technology for Optimal Engineering Design  December 2017 /// digitaleng.news

The initiative, dubbed HOLI-
SHIP (HOLIstic Optimization of
SHIP Design and Operation for Life
Cycle), was born from the European
Commission within the HORIZON
2020 Transport Programme, which
is serving up nearly 80 billion euros
in funding to drive economic growth
and innovation in the European
Union (EU). The HOLISHIP R&D
initiative, which received a 11.3 mil-
lion euro grant, set sail in September
2016 to develop a next-generation
blueprint for designing and assessing
the performance of ships. The idea
is to evolve the EU’s ship-building
industry from a traditional iterative
design approach to a more holistic
view that spans the entire lifecycle
while incorporating state-of-the-art, multi-objective optimi-
zation, multidisciplinary simulation, and virtual prototyping
and testing tools into standard design workflows.

“Ship design is always a challenging task involving many
disciplines, significant experience and the collaboration of as
many experts as possible, but the ways of designing ships over
the years have not changed much,” explains Apostolos Papan-
ikolaou, senior scientific advisor to HOLISHIP and a profes-
sor at the National Technical University of Athens (NTUA).
“Now with better hardware and software, we’re able to inte-
grate software tools on a platform to do the work that many
experts would have done manually and in a serial way.”

Powering Design Synthesis
The key to the HOLISHIP concept is the Design Syn-
thesis concept, an approach that considers all the global
trade-offs and parameters at the onset of the ship design
stage—for example, operational and technical require-
ments, cost and profitability management, environmental
and recycling requirements, lifecycle needs, technical
performance objectives, and normative constraints, among
other factors. As opposed to traditional design practices

HOLISHIP Steers EU Ship
Design in New Direction
Multi-partner consortium is collaborating on an integrated platform to
support a systems approach to ship design and to encourage greater
innovation in the EU maritime industry.

HOLISHIP’s Design Synthesis approach uses complex
multidisciplinary optimization techniques to arrive at
the optimal ship design. Images courtesy of HOLISHIP.

BY BETH STACKPOLE

L IKE THE DEVELOPMENT EFFORTS of large-scale entities such as rocket ships, wind turbines and aircraft,
ship design is becoming more complex. With requirements that call for hundreds of interconnected systems and
governance by a mounting list of regulations, a 40-plus-member European maritime industry consortium is pushing
for wholesale changes to longstanding ship design and testing practices.
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that follow a serial
process for weighing
trade-offs between dif-
ferent disciplines, ob-
jectives and design pa-
rameters, HOLISHIP
advocates for a holistic
approach where mul-
tidisciplinary opti-
mization techniques
and software tools are
leveraged to move
beyond a handful of
workable ideas to a
broader design space
optimized for different
requirements.

With the existing
design spiral approach,
one group might begin a design concept starting with the
main dimensions of a ship, then move a rough idea to an-
other group that considers parameters like structure and
stability before moving on to yet another team focused on
ergonomics or hydrodynamics, for example. The whole
process typically happens sequentially, which greatly limits
design exploration, according to Dr. Stefan Harries, MSE,
managing director of Friendship Systems, one of the key
partners on the HOLISHIP project.

“With a sequential design process, you can only look
into a handful of variants because it takes time and you have
to bring in knowledge and expertise,” he explains. “You
might start with something you know would work and step-
by-step, you advance the design to get closer to the end
point. In this scenario, you get something feasible, but not
necessarily optimal.”

The proposed Design Synthesis approach enables engi-
neering teams to consider many more variants due to the
ability to interconnect different disciplines like hydrodynam-
ics or cost, he says. “By the means of Design Synthesis, you
can better understand the cause and effect of various variants
and get to the sweet spot,” he explains.

With multidisciplinary optimization at the heart of the
Design Synthesis approach, stakeholders throughout the
various stages of a ship’s lifecycle benefit in many ways,
according to HOLISHIP officials. For example, shipbuild-
ing yards and engineering companies stand to profit from
reduced design cycles and the ability to better satisfy cus-
tomer needs due to exploration of a larger design space.
The supplier ecosystem will enjoy an optimized produc-
tion process that reduces cost and time to market while
ship owners can better achieve optimized operations and
lower maintenance costs, helping to maximize ship ROI,
they claim.

Three-Cluster Plan
To support the Design Synthesis concept, HOLISHIP en-
visions a three-stage design platform that covers concept
design, contract design and virtual testing. The first cluster
will foster tools to support optimization methods across all
stages of the ship design and operation lifecycle, from early
market analysis to system architecture. The second cluster
aims to create an integrated development environment and
virtual testing platform for ship design. The third cluster

Shown is a propulsion simulation using a hybrid RANS-
BEM coupling for the design of a RoPAX ferry.

The CAESES software serves as the foundational platform
for coupling disparate simulation and optimization tools in
a way that facilitates non-expert participation.
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will encourage development of highly 
specific applications that utilize that in-
tegrated development platform, covering 
vertical areas like simulation of off-shore 
vessels, for example, or for handling 
maintenance for cruise vessels or other 
complex ships, explains Dr. Jochen Marzi, 
project manager for HOLISHIP and di-
rector, CFD and research, for HSVA and 
the Hamburg Ship Model Basin.

Friendship System’s CAESES process 
integration and design optimization sys-
tem will serve as the basis for the main 
HOLISHIP development platform. CAESES couples any 
tool used to explore different disciplines and parameters and 
creates an environment for standard process integration. As 
part of the HOLISHIP effort, the group will work to make 
the tool more accessible to non-tool experts by simplifying 
the process integration environment and exploring new us-
ability models like the cloud, Harries says.

“We are aiming to wrap the tools in such a way that less 
experienced users will be able to run them and create a pro-
cess chain of how things work together,” he explains.

The other primary piece of the HOLISHIP development 
environment is the Virtual Vessel Framework, essentially a 
virtual test bed platform that will be based on DLR’s RCE 
technology and workflow engine.  HOLISHIP’s Marzi is 
careful to point out that the VVR virtual testbed is not a 

digital twin, meaning 
it is not a digital repre-
sentation of an entire 
ship’s systems. Rather, 
the VVR is a virtual en-
vironment where ship 
builders can test various 
components and systems 
in the digital world to 
evaluate and compare 
performance characteris-
tics as they evolve vessel 
designs. 

Just into its second 
year, Marzi says the con-
sortium is pleased with 
the progress of the HO-
LISHIP vision and says 
he’s confident the orga-
nization will have a com-
petitive and marketable 

commercial environment available for the EU maritime in-
dustry by 2020. HOLISHIP is not envisioned as a monolithic 
development platform; rather, it is being designed as a system 

that pulls together various components 
from different providers, thus it can be 
configured and customized to individual 
players’ needs.

In the end, the HOLISHIP vision is 
to make the next-generation optimiza-
tion tools already widely in use in in-
dustries like aerospace and automotive 
available to the EU maritime industry, 
which tends to be more conservative. 
In addition to democratizing the tools, 
the initiative aims to coalesce the en-
tire ecosystem on a common platform 
to facilitate a frictionless exchange of 

complex information between parties.
Marzi says: “At the end of this project, we hope there is 

more democratization of analysis software, which in turn 
will lead to better utilization and completely novel ship 
designs.” DE

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

INFO ➜ Friendship Systems: friendship-systems.com

➜ HOLISHIP: holiship.eu

➜ HSVA: hsva.de

For more information on this topic, visit digitaleng.news
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HSVA’s nu-Shallo flow code for hull wave resistance is 
coupled within CAESES and offered as a web app by 
means of a software-as-a-service technique.

47% of DE 
survey respondents say 
Simulation will have 
the biggest impact on 
product design and 
development over the 
next five years.
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The deadline is March 31, 2018 for a privately funded 
team to effectively position a robot on the Moon’s surface 
that can move at least 500 meters and send high-definition 
video and images back to Earth. The short list of elite teams 
has set its sights on the $30 million Google Lunar XPRIZE 
($20 million for the first to land; 2nd prize: $5 million; 
bonus: $5 million). 

The five finalist teams that were awarded launch contracts 
from Google Lunar XPRIZE dating back to 2015 are:  
HAKUTO (Japan); Moon Express (USA); SpaceIL (Israel); 
Synergy Moon (International) and TeamIndus (India).

In addition to the $30 million purse, Google Lunar XPRIZE 
has put $4.75 million up for grabs in the form of two prizes 
for teams who achieve in-space milestones on their trip to the 
moon. Teams can opt to pursue one or both prizes:

• Lunar Arrival $1.75M Milestone Prize—The spacecraft 
must make one orbit around—or a direct descent to—the moon.

• Soft Landing $3M Milestone Prize—The spacecraft 
must communicate information confirming its soft landing on 
the moon.

Private/Government Joint Exploration
An overarching aim of the competition is for technologies built 
by the Google Lunar XPRIZE teams to lessen costs and elimi-
nate current obstacles so that private industry can work with 
government agencies to boost lunar exploration.

To accomplish this goal, Amanda Stiles, technical operations 
director of Google Lunar XPRIZE, explains that each team is 
working to drive down costs of their spacecraft in several ways: 

1. using commercially available off-the-shelf (COTS) com-
ponents whenever possible, which can be less costly than space-
rated hardware;

2. using 3D printing to create custom components (such as 
wheels, for example); and,

3. using lightweight materials such as carbon fiber to con-
struct their craft, and taking advantage of electronics miniatur-
ization for spacecraft weight savings. 

“Essentially, the lighter a spacecraft is, the less it will cost to 
launch it to space,” she says.

Mobility innovation is also playing a critical role in each 
team’s lunar efforts, according to Stiles, who comes to the 
XPRIZE Foundation with more than 10 years of experience in 
aerospace technical operations. 

“The teams that are using rovers are building robust wheel 
and suspension systems that can stand up to the challenges of 
lunar dust and landscape obstacles, and some teams are also 

Lunar Landing: 
Mission Possible

THE FINAL FIVE TEAMS from across the globe 
are putting finishing touches on their robotic and 
space-oriented technologies, all with a singular 
goal in mind: the moon or bust.

Teams push the technology frontier 
to land and move a spacecraft on the 
moon as part of the global Google 
Lunar XPRIZE competition.

BY STEPHANIE SKERNIVITZ

SpaceIL is using a hop concept 
instead of a rover, meaning 
the spacecraft will land on the 
moon’s surface and take off 
again with the fuel remaining in 
its propulsion system. 
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developing AI that works in tandem with the rover cameras to
automatically detect and react to hazards,” she says. “Two of
the finalist teams, SpaceIL and Moon Express, plan to bypass
traversing the lunar surface altogether by using their propulsion
systems to ‘hop’ along the lunar surface instead.

“Each team’s approach to mobility is unique, and this is an
example of one of the best effects of a prize competition—the va-
riety of innovative engineering solutions that emerge,” Stiles says.

Another significant focal point of the competition is to pro-
mote the commercialization of private-sector space efforts.

“We strongly believe that commercialization will be the key in
accelerating and advancing the space exploration activities in the
future,” says HAKUTO of Japan spokesman, Tomoya Mori, busi-
ness development officer of ispace (a HAKUTO partner). “Space
exploration is no longer governed by national agencies. Small
teams like us are gathering together already available technologies
to provide cheaper and more efficient ways of reaching the moon.
By commercializing the space industry, we can open more oppor-
tunities for non-traditional industries to join space exploration.”

He explains that ispace, the managing company of
HAKUTO, is building upon the experience and technology
learned from this competition to develop a lunar resource use
business and establish an economy in cislunar space—the space
between the Earth and the moon. “With its micro-robotic tech-
nology, ispace plans to provide a low-cost and frequent trans-
portation service to and on the moon. The rovers will conduct
lunar surface exploration to map, process and eventually deliver
resources to our customers in cislunar space,” Mori adds.

Stiles agrees that the commercialization piece of space explo-
ration is noteworthy. “… This competition demonstrates that
private citizens and companies from around the world can build
spacecraft to explore the Moon, and that space exploration is no
longer conducted only by a few space-faring governments.”

In the near term, Stiles says many competitors are seeking to
provide payload delivery services to the Moon. “This will provide
an opportunity for many scientists and engineers to send their ex-
periments to the lunar surface to learn more about the Moon and
our universe as well as test new technologies.

 “As governments and companies alike make audacious plans
to return humans to the moon and beyond, missions conducted
by low-cost robotic ‘scouts’—such as the spacecraft being devel-
oped for the Google Lunar XPRIZE—will be critical for a variety
of tasks. These missions will identify areas with high concentra-
tions of water, ice and long periods of sunlight, which are impor-
tant resources for longer-duration crewed visits to the moon, ex-
plore lunar caves that could shelter future explorers and discover
locations for crewed lunar landings that are free of hazards.”

Technology Details
Though teams were reluctant to divulge too many technology
secrets, SpaceIL plans to use 3D-printed legs on its unmanned
lander. The legs will be provided by Zurich-based RUAG Space.

Mori also notes several companies’ involvement in HAKUTO’s
efforts. For example, Zoff, a Japanese eyeglasses company, is
providing ULTEM plastic to make the rover’s wheels. Similarly,
Cemedine, a Japanese adhesive manufacturer, is offering adhesive
to place solar panels on the rover’s sides. au/KDDI, a Japanese
telecommunication company and HAKUTO’s biggest sponsor, is
supporting the team with telecommunication technology.

HAKUTO’s rover, according to Mori, is built with four
cameras to capture high-definition images in 360°, which will
be transmitted to Earth with data-compression technology. The
cameras enable a human pilot to have near real time vision of
the path of the rover and guide it toward its mission.

“With our micro-robotics technology and adoption of COTS
products, HAKUTO’s rover only weighs 4 kg. Compared to 900
kg of Curiosity rover on Mars or China’s 120 kg Yutu rover, our
rover is extremely light and cost-efficient,” Mori says.
“HAKUTO began in a small apartment in Tokyo, initially oper-
ated by a couple volunteers,” Mori says. “Now we have over 100
members with nearly 30 sponsors. A small team with an ambi-
tious vision can shape the future of mankind.” DE

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

INFO Google Lunar XPRIZE: Lunar.xprize.org/news

HAKUTO: team-hakuto.jp/en

Moon Express: MoonExpress.com

SpaceIL: SpaceIL.com/en

SynergyMoon: SynergyMoon.com

TeamIndus: TeamIndus.in
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Source: DE 2018 Technology Outlook Survey.
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Outwardly, the Dell Canvas is a large black panel measur-
ing 31.2x17.6-in. and less than 1-in. thick. Approximately 
centered in the panel is a touch-sensitive 23.5x13.2-in, dis-
play (27 inches measured diagonally) with a 2560x1440 native 
resolution. This QHD panel has an anti-glare surface made 
from Corning Gorilla Glass and displays 100% of the Adobe 
RGB color gamut.

Because Canvas needs to be connected to a Windows 10 
PC, Dell also provided a Precision 5520 mobile workstation 
as part of our review. Although prices for the 5520 start at 
$1,399, the system we received would cost $3,070 as config-
ured. Dell also sent us a stunning Dell UltraSharp 38 Curved 
Monitor ($1,170). And to round things out, we received a 
wireless keyboard and mouse ($90). For the best work experi-
ence, Dell recommends placing the Canvas horizontally in 
front of a large display. You then use Canvas for input and as 
your main display while using the large monitor as an exten-
sion of your visual workspace. So, that’s exactly what we did.

Simple Setup
Setting up the Canvas could not have been easier. Input
connections are hidden beneath a removable panel on the 
underside of the upper-left corner. Here, in addition to 
the connection for the external 130-watt power supply 
(the identical power supply as the Precision 5520 mobile 
workstation), Canvas provides three input ports: USB 
Type-C, mini-DisplayPort and mini-HDMI. The Canvas 
also comes with five different cables—USB-C to USB-C, 
USB-A to USB-C, mini-HDMI to HDMI, mini-DP to 
mini-DP and mini-DP to DP—so most users will have 
everything they need right in the box. In our case, because 
USB-C carries the video and audio signals as well as data, 
we could use a single USB-C to USB-C cable. Those lack-
ing a USB Type-C port on their PC would need both the 
USB-A to USB-C cable (for data) and either an HDMI or 
DisplayPort connection (for video and audio).

A hinged support extends the full length of the Dell 

A Smart NEW 
Workspace

The Dell Canvas interactive pen and touch display provide 
a new way to interact with digital content.

In addition to its highly 
accurate pen, you can 
use the included totem to 
adjust settings or select 
colors while sketching. 
Photo by David Cohn.

BY DAVID COHN

E SSENTIALLY, THE DELL CANVAS is both a display device and input device merged into one. When it first surprised
the crowds at CES earlier this year, it drew immediate comparisons to similar-looking products such as the Microsoft 
Surface Studio and the Wacom Cintiq touch displays. Although Canvas is like Surface Studio in function, Microsoft’s device 
is an all-in-one that includes a built-in PC. Canvas, on the other hand, is a peripheral designed to be connected to a PC. In 

that regard, Canvas is indeed more like the Wacom Cintiq 27QHD, with which it shares more than just its appearance.

Peripherals ||| ENGINEERING COMPUTING
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Canvas. When folded out, it places the panel at a com-
fortable 10° angle. Connections on the right edge of 
the Canvas include one USB Type-C port, two USB 3.0 
Type-A ports and a headphone jack. There are also two 
sets of touch points along the upper edge of the Can-
vas for power and accessing the on-screen display (in 
the upper right) and enabling or disabling touch (in the 
upper left).

The other components in the box 
include a pen for sketching, an interest-
ing “totem” for accessing menus and 
a small pen holder that also contains 
six additional pen nibs. The puck-like 
totem (3.75-in. diameter x 1-in. tall) is 
similar to the Microsoft Surface Dial 
that ships with the Surface Studio. It 
enables you to access menus and other 
functions while using the Canvas. For 
example, when you place the totem on 
the Canvas and press down, the totem 
is suddenly surrounded by a circular 
menu. You can then turn the totem to select volume, 
scroll, zoom and undo controls. When used with a paint 
program, you might use the totem to quickly switch paint 
colors or brushes. The totem is configured using the 
Wheel Settings in Windows and you can easily create 
your own custom settings.

Any application that works with the Microsoft Surface 

Dial will also work with the totem because 
both use the same Windows software func-
tions. The biggest difference between the 
Dial and the totem is that the totem only 
works when placed in the active area of 
the Canvas while the Dial can still control 
Microsoft Surface Studio functions even if 
placed on your desk.

The Canvas pen uses electromagnetic 
resonance (EMR) technology licensed from 
Wacom, so its pen is lightweight and requires 
no batteries. Like Wacom, the Dell pen pro-
vides 2,048 levels of pressure sensitivity as 
well as tilt sensitivity with a range up to 50° 
from vertical. There are two programmable 
buttons on the side of the pen. Although the 
Dell pen lacks an eraser on the end (standard 
on the Wacom Cintiq), one of the side but-
tons can be programmed as an eraser. The 
pen also has its own on-screen radial menu.

Toward the end of the pen, its otherwise 
round barrel has a flat spot designed to prevent it from 
rolling off the Canvas panel. The active display is more or 
less centered in the panel, leaving nearly 4 inches of space 
to either side, 3 inches along the bottom, and 1 inch along 
the top. But that space does more than just provide a spot 
to rest your hands or place the pen and totem. The flat 
portion of the pen magnetically attaches anywhere outside 
of the active display area.

Useful Software
Dell also includes some useful software to further en-

hance the Canvas’ capabilities. First 
among these is Canvas Connect, which 
offers an introduction to Canvas and 
provides links for operating system 
and application settings. The Canvas 
Installer serves as a central hub for in-
stalling Canvas software and firmware. 
Canvas Palettes enable you to convert 
commonly used keyboard shortcuts 
into floating menus accessed using 
touch/pen targets, greatly reducing 
the need to reach for a keyboard and 
mouse. And Canvas Layout lets you 
customize display layouts into zones 

and then drag and drop application windows into those 
zones so that content automatically opens in the correct 
active work area.

Canvas also comes with a special edition of Stardock’s 
Fences software that lets you organize your Windows 
desktop into distinct fenced areas. This is a useful add-on 
for anyone using Windows 10, but is particularly useful in 

The Dell Canvas merges display and input into one 
very powerful and intuitive touch-enabled device. 
Image courtesy of Dell.

28% of  DE 
survey respondents 
ranked out-of-date 
hardware as either an 
extremely important or 
a very important day-
to-day work challenge.
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conjunction with 
Canvas.

The Dell Canvas 
can be used with 
any Windows 10 
application. Even 
if the software has 
not been optimized 
or purpose-built 
for touch and pen-
based use, you can 
still use Canvas to 
take advantage of 
its intuitive, hands-

on workflow. With its 20 points of touch recognition, 
you can work in entirely new ways. Using touch to scroll 
through documents, pan and zoom, and even select cells 
in a spreadsheet is so much more effective when done on 
a large display sitting flat on a desk, compared with per-
forming the same actions on a vertical display. But using 
Canvas in conjunction with a program that truly leverages 
its capabilities offers all sorts of possibilities that can take 
dual-handed productivity to an entirely new level. For 
example, when used with a paint program, in addition to 
being able to sketch wider lines by simply pressing harder 
with the pen, you can simultaneously use the totem with 
your other hand to select a new paint color.

It then becomes a question of how the programs you typi-
cally use interact with the Canvas. Dell provided us with a 
list, indicating whether the Canvas pen and touch interact 
well with specific programs, which offer the ideal in-app 
Canvas totem experience as opposed to relying on default 
OS-level totem settings, and whether the application has a 
modular interface that allows elements of the software to be 
positioned on the Canvas screen for interactions while other 
elements are positioned on the second screen for viewing 
interactions. For example, as you might expect, programs like 
Adobe Photoshop and Premiere Pro support both pen and 
touch, natively support the totem, and have a modular inter-
face so that program elements can be spread across multiple 
monitors. But at present, although most CAD and engineer-
ing software—such as AutoCAD, Inventor, Fusion, Catia and 
SolidWorks—support touch, they offer only OS-level sup-
port for the totem, and most are limited to a single monitor. 
Although capabilities will certainly change over time, you 
should determine for yourself whether Canvas makes sense 
for you based on the programs you use.

Available Add-ons
In addition to the basic Canvas that we received, Dell offers 
a number of additional accessories for Canvas, including an 
articulating stand that provides tilt angles from 10° to 85° to 
support a more ergonomic workflow ($500), a VESA mount 

to attach Canvas to any VESA-compliant stand or arm 
($100), and an X-Rite Colorimeter to achieve accurate colors 
($259). At $1,799, Canvas costs much less than Microsoft’s 
Surface Studio ($4,199 for the most popular configuration) 
and benefits from the fact that, as a peripheral, it will not 
become obsolete when you upgrade your PC. And although 
Wacom recently reduced the price of its Cintiq 27QHD by 
$400, at $2,399 it still costs $600 more than the Dell Canvas. 
Of course, Canvas only works with Windows 10, whereas 
Wacom also supports Mac OS X.

The Dell Canvas is covered by a three-year warranty 
that includes onsite service after remote diagnostics. That 
basic level of service can be extended to as much as five 
years for an additional fee. You can also add next-business-
day onsite service and accidental damage coverage.

If you had been craving a Wacom Cintiq, the Dell Can-
vas provides a nearly identical alternative for hundreds of 
dollars less. If you had considered purchasing a Microsoft 
Surface Pro, the Dell Canvas offers nearly the same user 
experience for a lot less money, while eliminating the forced 
obsolescence when the PC at the heart of the Surface Pro has 
outlived its usefulness. For those who can take advantage of 
its capabilities, the Dell Canvas truly does provide a powerful 
new way to interact with digital content. 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 au-
thor 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 ➜ Dell: dell.com

Dell Canvas
• Price:  $1,799
• Size/Weight: 31.2x17.6x0.9-in, 18.5 lbs.
• Screen Size/Type: 27-in., IPS LED backlight
• Resolution: 2560x1440 QHD
• Display Area/Aspect Ratio: 23.5x13.2-in./16:9
• Pixel Pitch/ Dot/Pixel per in.: 108.79/0.2335 mm
• Brightness: 280cd/m2
• Contrast ratio: 1000:1
• Number of colors/Gamut: 1.07 billion/100% Adobe RGB
• Multi-Touch: Yes; 20 points of touch
• Pen Type: Electromagnetic resonance method, two-button
• Pressure Levels: 2,048 levels of sensitivity
• Input Ports: Mini-HDMI, mini-DisplayPort, USB Type C
• Output Ports: USB Type C, two USB 3.0, headphone jack
• Power supply: 130 watts 
• System Requirements: Windows 10 Creator’s update or later
• Warranty: Three-year on-site parts and labor

36% of DE 
survey respondents 
ranked having an 
inefficient workflow 
as either an extremely 
important or a very 
important day-to-day 
work challenge.
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With office space at a premium, the Lenovo ThinkStation 
P320 Tiny is designed to fit just about anywhere. You can use 
the included small plastic stand to support the case in a verti-
cal orientation. In addition, the P320 Tiny is compatible with 
Lenovo’s ThinkCentre Tiny accessories, which include a Tiny 
IO Expansion Box ($40) that adds additional ports, a Tiny Stor-
age Unit ($25) that enables you to add a DVD burner or addi-
tional hard drive (sold separately), and VESA mounting kits. 

The Lenovo ThinkStation P320 Tiny is enclosed in a simple, 
rectangular, charcoal gray metal case. Because its small size 
leaves no room for a conventional workstation power supply, the 
P320 Tiny requires an external power brick, similar to a laptop 
computer. The 135-watt power supply included with our evalu-
ation unit measured 5.6x2.5x1.2-in. and weighed 1.3 pounds.

The front of the case consists of a perforated screen with a 
small panel containing a round power button, headphone and 
microphone jacks, and a pair of USB 3.0 ports (including one 
that is always on). A red Lenovo logo appears to the side of the 

Think Tiny with the 
ThinkStation P320 Tiny
Lenovo introduces the world’s smallest workstation.

DAVID COHN

THE IMAGE OF WHAT CONSTITUTES A 
workstation continues to change. At less than 3 
pounds, the new Lenovo ThinkStation P320 Tiny 
that recently arrived in our office has now claimed 

the title of the world’s smallest workstation. Measuring just 
7.1x7.2x1.4-in. and weighing a scant 2.9 pounds, the P320 Tiny 
is smaller and nearly a pound lighter than the HP Z2 Mini 
G3 we recently reviewed (DE, June 2017). But while its size is 
similar to that of a thin client, the P320 Tiny is packed with 
workstation components and delivers enough performance to 
run mainstream engineering software.

LEFT: The new Lenovo ThinkStation P320 Tiny weighs 
less than 3 pounds, yet packs workstation power. 

RIGHT: The rear panel of the ThinkStation P320 provides 
lots of connections. Images courtesy of Lenovo.

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

INFO ➜ Lenovo: lenovo.com

Lenovo ThinkStation P320 Tiny
• Price:  $1,479 as tested ($944 base price)
• Size: 7.1x7.2x1.4-in. (WxHxD) mini-workstation
• Weight: 2.9 pounds (plus 1.3-pound external power supply)
• CPU: Intel Core i7-7700T 2.90GHz quad-core w/ 8MB cache 
• Memory: 16GB DDR4 at 2400MHz
• Graphics: NVIDIA Quadro P600 
• Hard Disk: 512GB Toshiba PCIe Gen 3 NVMe M.2 SSD
•  Audio: integrated Realtek ALC294 audio (front panel: 

headphone and microphone jacks) and built-in speaker
•  Network: integrated Intel Dual Band Wireless ac 8265 plus 

Bluetooth 4.1, one RJ45 gigabit Ethernet port
•  Other: Five USB 3.0, four mini-DisplayPorts on NVIDIA board, 

two DisplayPorts, A/C power, Wi-Fi antenna connector 
•  Keyboard:104-key Lenovo USB keyboard
• Pointing device: Lenovo USB optical wheel mouse
• Power supply: 135 watts 
• Warranty: Three years on-site parts and labor
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Lenovo 
ThinkStation 

P320 Tiny
one 2.90GHz Intel 

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

RAM, 512GB SSD

HP Z2 Mini G3
one 3.2GHz Intel 

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

SATA HD

BOXX APEXX 1
one 4.0GHz Intel 
Core i7-6700K 

4-core CPU 
over-clocked to 
4.4GHz, NVIDIA 
Quadro K1200, 

16GB RAM, 
512GB PCIe SSD

Lenovo Think-
Station P410 

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

RAM, 1TB SATA 
SSD HD

Lenovo  
ThinkPad P50s
15.6-in. mobile 

2.6GHz Intel 
Core i7-6600U 
dial-core CPU, 
NVIDIA Quadro 
M500M, 16GB 
RAM, 512GB 

PCIe SSD

Lenovo  
P40 Yoga

14.1-in. 2.6GHz 
Intel Core i7-

6600U dual-core 
CPU, NVIDIA 

Quadro M500M, 
16GB RAM, 

512GB PCIe SSD

Price as tested $1,479 $1,698 $3,711 $2,515 $1,427 $1,705

Date tested 9/8/17 1/20/17 1/30/16 10/26/16 10/10/16 7/27/16

Operating System Windows 10 Windows 10 Windows 10 Windows 10 Windows 10 Windows 10

SPECviewperf 12 (higher is better)

catia-04 40.36 34.16 34.95 89.66 21.75 19.98

creo-01 41.67 36.80 33.45 76.93 25.34 24.34

energy-01 0.69 0.64 2.56 6.34 0.52 0.61

maya-04 37.19 30.36 31.22 63.31 13.27 12.25

medical-01 12.26 10.99 11.41 26.62 9.68 14.03

showcase-01 16.37 18.69 18.99 46.58 6.97 6.81

snx-02 35.52 28.29 28.47 125.39 31.85 26.46

sw-03 63.60 58.18 70.56 106.37 37.24 35.31

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 2.59 2.51 5.17 8.08 2.67 2.65

Shaded Graphics Sub-Composite 1.99 2.04 2.86 4.87 1.96 1.78

Shaded w/Edges Graphics Sub-Composite 2.46 2.58 3.92 5.97 2.52 2.40

Shaded using RealView Sub-Composite 2.17 1.94 3.56 6.43 2.01 2.00

Shaded w/Edges using RealView Sub-Composite 2.60 3.33 6.17 9.99 3.43 3.42

Shaded using RealView and Shadows  
Sub-Composite

2.25 1.73 4.51 7.23 1.96 2.03

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

2.55 2.84 7.20 10.47 3.14 3.22

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

3.97 2.21 7.78 16.01 3.02 3.38

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

4.49 3.37 11.63 22.75 4.53 5.07

Wireframe Graphics Sub-Composite 2.05 3.46 4.17 3.26 2.61 2.20

CPU Composite 1.67 2.78 6.75 5.08 1.89 1.95

SPECwpc v2.0 (higher is better)

Media and Entertainment 1.44 2.53 2.84 2.84 1.04 0.99

Product Development 1.36 2.40 2.46 2.79 1.28 1.11

Life Sciences 1.39 2.59 2.96 3.03 1.25 1.25

Financial Services 1.70 3.11 1.53 4.60 0.49 0.49

Energy 1.10 1.97 2.70 3.11 0.96 0.87

General Operations 0.86 1.47 1.93 1.14 0.87 0.85

Time

Autodesk Render Test  (in seconds, lower is better) 109.90 62.40 46.30 50.10 172.50 149.00

  
Numbers in blue indicate best recorded results. Numbers in red indicate worst recorded results.  

Workstations  
Compared
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panel, whereas a ThinkStation logo sits off the side, with the dot 
over the “i” in Think glowing red when the system is powered on. 
All other connections are located on the rear panel and include 
four mini-DisplayPorts for connecting monitors to the NVIDIA 
graphics board, a security lock slot, a connection for an external 
Wi-Fi antenna, an RJ45 network jack, four USB 3.0 ports, two 
full-size DisplayPorts for connecting monitors to the integrated 
Intel graphics and the connector for the external power supply.

Accessible Interior
Inside, the Lenovo ThinkStation P320 Tiny is packed with 
workstation-class components. Removing a small screw on the 
rear panel releases the top cover, which is the first step to gaining 
access to the interior. With the top cover removed, you can see 
the fan covering the CPU and access the discrete NVIDIA GPU 
(graphics processing unit). After that top cover is removed, you 
can turn the system over and remove the bottom cover, which re-
veals the two memory sockets and the two M.2 drive sockets.

Prices for the Lenovo ThinkStation P320 start at $944 for a 
system based on a 3.4GHz Intel Core i3-7100T dual-core CPU, 
4GB of RAM, the NVIDIA Quadro P600 graphics board and a 
256GB solid-state M.2 PCIe Opal drive. A quad-core 2.7GHz 
Intel Core i5-7500T is also available, but for our evaluation, 
Lenovo included a Core i7-7700T quad-core processor, which 
added $260 to the base price. This 2.9GHz Kaby Lake CPU 
has a 3.8GHz maximum turbo speed and includes 8MB Smart-
Cache and Intel HD Graphics 630.

Our evaluation unit also included 16GB of memory, installed 
using a single 2400MHz DDR4 SO-DIMM (small outline dual 
in-line memory module), which added $150. The P320 Tiny can 
accommodate up to 32GB of RAM using two of these 16GB 
memory cards.

Although all of the available CPUs include integrated Intel 
graphics, all versions of the ThinkStation P320 Tiny include 
an NVIDIA Quadro P600 GPU. This Maxwell-based graphics 
card, with 2GB of dedicated GDDR5 memory and 384 CUDA 
parallel processing cores, features a 128-bit interface and 64GB/
second memory bandwidth. The combination of the discrete 
NVIDIA GPU and integrated Intel graphics enables the P320 
Tiny to support up to six monitors.

The system we received also came with a 512GB Toshiba 
M.2 NVMe solid-state drive, which added another $150 to the 
base price. Lenovo also offers a 1TB M.2 PCIe MLC Opal 
drive ($300). Installing two of these enables the ThinkStation 
P320 Tiny to support up to 2TB of solid-state storage.

Although Gigabit Ethernet comes standard, our evaluation 
unit also included an Intel 8265 2x2AC+Bluetooth adapter 
($35). We were therefore able to attach the external Wi-Fi an-
tenna and access our local area network wirelessly.

Decent Performance
Although the Lenovo ThinkStation P320 Tiny performed well 
on most of our benchmarks, its results were more comparable to 
modern mobile workstations rather than desktop systems. On 
the SPECviewperf tests, the Lenovo system outperformed both 

the pint-sized HP Z2 Mini system and the small BOXX APEXX 
1 we reviewed last year. On the SPEC SolidWorks benchmark, 
however, both the HP and Lenovo mini workstations were 
among the slowest systems we’ve tested recently.

On our AutoCAD rendering test, which clearly shows the 
advantage of fast CPUs with multiple cores, the Lenovo Think-
Station P320 Tiny completed the test rendering in an average of 
109.9 seconds, nearly twice the time required by the HP Z2 Mini.

We also ran the very demanding SPECwpc workstation per-
formance benchmark. Here too, the ThinkStation P320 Tiny 
lagged well behind the HP Z2 Mini on nearly every compo-
nent of this test. The system remained cool and relatively quiet 
throughout our tests, but the sound pressure level briefly peaked 
at 69dB while running the most compute-intensive portions of 
our benchmarks.

Lenovo rounds out the workstation with a 104-key USB key-
board and USB mouse and comes preloaded with Windows 10 
Professional 64-bit. The workstation is ISV certified for use with 
software from Autodesk, Dassault Systèmes, PTC and Siemens—
including AutoCAD, Inventor, SolidWorks, Creo, NX and Solid 
Edge—and is backed by a three-year on-site warranty.

The new Lenovo ThinkStation P320 Tiny is indeed the 
smallest independent software vendor-certified workstation on 
the market today. It delivers good performance at a price that is 
nearly as small as its diminutive size, ensuring it a discrete spot 
somewhere on (or near) the desks of many DE readers. 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 DEand 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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PICKS

Each week, Tony Lockwood combs 
through dozens of new products to 
bring you the ones he thinks will help 
you do your job better, smarter and 
faster. Here are Lockwood’s most 
recent musings about the products 
that have really grabbed his attention.

MapleSim 2017 adds two new apps that
should boost your productivity. 

The first is the Initialization Diag-
nostics App. What it does is help you 
understand how initial values get com-
puted and what you can do to adjust 
them. The second is a Modal Analysis 

App. This helps you study a mecha-
nism’s natural vibration modes. With it,
you can figure out which modes have 
an outsized impact on your design, 
which can help you determine how to 
reduce the vibration.
MORE ➜ digitaleng.news/de/?p=40061

System-Level Modeling Tool Sees Major Update
Improved tools said to make creating digital twins and virtual prototypes easier.

COMSOL Multiphysics Update Available Soon
Analyses method computes acoustics, acoustic-structure interactions efficiently.

COMSOL Acoustics tools get a boost
in this release. A highlight is hybrid 
boundary element method-finite ele-
ment method technology.

What the BEM-FEM capability lets 
you do is compute acoustics phenom-
ena and acoustic-structure interactions 

with far less computational overhead
than finite elements analyses need to do 
the job. BEM-FEM methodology gives 
you the tools to analyze the acoustic 
frequencies from way low, glass-shatter-
ing bass notes to ultrasounds.
MORE ➜ digitaleng.news/de/?p=39977

SOLIDWORKS 2018 Debuts
CAM, analysis and engineering processes create design-to-manufacturing solution.

SOLIDWORKS 2018 has new tools,
features and enhancements. On the user 
interface side, there’s new support for 
pen- and touch-enabled devices. You 
can now do touch sketching.

SOLIDWORKS 2018 introduces 
capabilities for working with assemblies 

like Adding Mates Between Hidden
Surfaces. There’s a new Tab and Slot 
feature for sheet metal design. You’ll see 
simulation mesh refinements, too. Also, 
a new integrated CAM application au-
tomates manufacturing programming.
MORE ➜ digitaleng.news/de/?p=39886

SYSWELD 2017 Launches
Simulation solution provides capabilities for assembly, welding and heat treatment.

The short description of ESI Group’s
SYSWELD is an end-to-end predic-
tive analysis solution for manufactur-
ing welded and assembled industrial 
parts. SYSWELD handles a variety of 
thermal, chemical, metallurgical and 
mechanical phenomena. 

It can help you develop and opti-
mize welding plans, maintain welding 
distortion tolerances and control high 
stresses. With it, you can simulate 
thermal joining, including arc, electron 
beam, laser, friction and spot welding.
MORE ➜ digitaleng.news/de/?p=39691
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Student Design Competition Profile: The Rube Goldberg Machine Contest

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

Kathleen Felix is the executive direc-
tor of Rube Goldberg, Inc. (RGI). We
spoke to her for an overview of the Rube
Goldberg Machine Contest (RGMC).

Kathleen Felix: 2018 is the 30th an-
niversary of the RGMC. The RGMC is
an event where students from elementary
school through university compete with
Rube Goldberg Machines they have
imagined, designed and created in a fun
and competitive forum. The competitions
encourage teamwork, critical thinking and
problem-solving, in a fresh learning envi-
ronment and on a level playing field.

In our current techno-driven,
electronics-oriented era, the intent of
the Rube Goldberg Machine Contest
is to encourage students to become re-
acquainted with both simple machine
theory and creativity. We believe that
design thinking is central to not only
building Rube Goldberg Machines but
to many aspects of life.  While we operate
in the same world as the very popular ro-
botics contests, we believe that the Rube
Goldberg Machine Contest attracts a
wider range of personalities and skills and
develops students on many levels.

It’s important that our contest grew
out of Rube Goldberg’s cartoons—he
himself was a cartoonist and an engineer.
His granddaughter, Jennifer George, is
our legacy director. A Rube Goldberg
Machine (RGM) is a crazy contraption
that accomplishes a simple task in the most
complicated—and funniest—way possible.

In 1949, (68 years ago!) two engineer-
ing fraternities at Purdue University
developed their own version of the Rube
Goldberg Machine Contest. The contest
died out in 1955. In 1983, some members
of the Phi Chapter of Theta Tau Frater-
nity found an old trophy from Purdue’s
first RGMC and resurrected the event.

Today, more than 3,000 students from
around the world compete on an annual
basis in one of four age groups, in either
a live, where they build a Rube Goldberg
Machine and compete at a venue, or on-
line version of the contest.

Following a task determined by
RGI, predetermined specifications and a
comprehensive judging format—which
involves not only engineering and math,
but humor, teamwork and problem-
solving—students compete with their
Rube Goldberg Machines for regional
and finals placement and prizes.

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

Felix: Each year in September, RGI
announces the “task” that students will
mull over and build out. Every student
from age 8 through 18 will build a RGM

that completes—or attempts to com-
plete—that task. Past tasks have included
Open an Umbrella, Zip a Zipper and
Inflate a Balloon and Pop It!

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

Felix: One of our judges is a senior
systems engineer for a large firm and is an
engineering graduate of Purdue. When
he competed, he was also a member of
the winning finals team. “I don’t think I
would be an engineer today if I hadn’t par-
ticipated in the Rube Goldberg Machine
Contest. The engineering curriculum is
demanding and it’s easy to lose sight of
why you wanted to be an engineer. Having
fun creating the machines, working closely
with other students, learning crazy ways
to build outrageous things—it made me
recommit to the profession.”

In general, what we expect the Rube
Goldberg Machine Contest to produce is
out-of-the box thinking and experimenta-
tion and a reminder of the physical world
and to break down barriers between
“types” of students as they realize that it
takes many different people and skills to
build a great machine. DE

Jim Romeo (JimRomeo.net) is a freelance
writer based in Chesapeake, Virginia.

Hands-on Machine Engineering
BY JIM ROMEO

FOR THE PAST 30 YEARS,
elementary school students
have been exercising their
innovative passions in a

competition whose moniker is the name
of a person and has become an
expression in the context of creating a
complicated solution to a problem.

MORE rubegoldberg.com/education/
contest

Rube Goldberg Machine Contest participants pose
with their machines. Image courtesy of RGI.



Youtube Channel:
www.youtube.com/channel/
UCPuoss7k_-IouTDXGT2EFiw

Twitter:    
https://twitter.com/LSTCandDYNAmore

www.lstc.com www.dynamore.de

Applications:
Implicit analysis can be used on a wide variety of 
application areas, including but not limited to;

•  Automotive

•  Gravity Loading

•  Dummy Seating

•  Door Sag

•  Roof Crush

•  Seat Pull

Aerospace
•  Fuselage Drop Test

•  Jet Engine Start Up

•  Analysis of Seats

•  Satellite Stress and Vibration Tests

•  Consumer Goods

•  Drop Test

•  Vibration computations for Acoustical 
Analysis

Features:
•  Linear Analysis

•  Nonlinear Static and Dynamic Analysis

•  Buckling Analysis

•  Vibration Analysis

•  Constraint and Attachment Mode Analysis

LS-DYNA® Implicit Analysis

For information about 30-day LS-DYNA demo license email: sales@lstc.com

LS-DYNA® provides a comprehensive set of analysis tools for engineering applications. Implicit and explicit 
solutions use the same elements and materials enabling users to have one model for static and dynamic analyses.  
Seamless switching between implicit and explicit solutions during a simulation increases the level of applicability.    
Implicit linear and nonlinear solutions can be either static or dynamic. Dynamic solutions can be performed in 
either the time or frequency domains.  Furthermore, there are powerful tools for examining frequency content 
for model verification and validation, a capability that can be used stand-alone or incorporated in an implicit or 
explicit transient simulation to include the effect of prestress.  Resulting modes can be used to build reduced 
linearized models for use in design studies by modal analysis or employed by the frequency domain analysis tools.

Plate Failure

Roof-CrushBolt Pre-Load

Jet Engine Simulation



8% of men and 0.4% of women see the significance of the plot 
above. It uses a color table created so that people with color 
vision deficiency can accurately interpret simulation results. 
And that’s a beautiful thing.

The Cividis color table, courtesy of Pacific Northwest National 
Laboratory, is now available in the COMSOL Multiphysics® 
software for simulating designs, devices, and processes in all 
fields of engineering, manufacturing, and scientific research.

Visualization of the sound pressure level produced  
by a loudspeaker driver mounted in a bass reflex enclosure.

What’s so special about this color table?

comsol.com/release/5.3a


