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Degrees of Freedom by Jamie J. Gooch

In my latest scientific observation, I have noted that amazing 
things happen when two powerful forces converge on the 
same space at the same time. This morning, that space was 
our upstairs bathroom, and the forces were my daughters. 

The results were not revolutionary, though the energy emitted 
by an arguing teen and tween was certainly explosive.  

But such convergences aren’t always so destructive. The 
joining of two powerful forces—water and mechanization—
ushered in the first industrial revolution. The second in-
dustrial revolution replaced steam power with electricity to 
bring about mass production. The third added electronics 
to the machines to enable automation. The fourth industrial 
revolution, according to many smart people who spend much 
of their time trying to figure out such things, involves cyber-
physical systems (CPS) that bring together software, sensors, 
processors, and communication technologies.

One of those smart people is James Truchard, the co-
founder and CEO of National Instruments. He shared his 
vision of where he thinks industry is headed during the open-
ing keynote last month’s NIWeek. 

“Cyber-physical systems have the components of compu-
tation, control and communication ... all in an integrated en-
vironment that let you merge the real world with the virtual 
world,” he said. “A programmable world, Internet of Things, 
intelligent systems, big analog data, the cloud, Industry 4.0, 
the smart factory, machine to machine, industrial Ethernet 
... all of these things are converging. The technologies are 
becoming available to solve these problems.” 

You Can’t Fight the System
History has a habit of repeating itself. Hindsight shows us 
Henry Ford didn’t get rich by making cars, he got rich be-
cause he invented a system to produce cars more efficiently. 
Other tycoons of the late 1800s understood the importance 
of a system as well. Whoever controlled the system of rails 
that allowed the technologies of the day to converge held 
the true power.

Likewise, whoever creates or controls even a small por-
tion of the “system” in cyber-physical systems will lead the 

fourth Industrial Revolution. That may be why Truchard is 
positioning NI as the platform that will enable CPS.

“We use graphical system design to build cyber-physical 
systems — advanced measurements and advanced controls in 
a single platform,” he told NI Week attendees. 

Designing Production
If NI is building the modern-day equivalent of a railroad 
that will bring disparate, raw technologies to bear, other 
companies are focused on creating the Industry 4.0 version 
of Henry Ford’s assembly line. Industry 4.0 was coined by 
Germany’s Research union, an organization of scientists and 
business and industry executives that advises the German 
government. One of those expert advisers is Marion Horst-
mann, head of strategy at Siemens’ Industry Sector.

Siemens, which calls itself the world’s leading supplier of 
automation technology and industrial software systems, may 
be piloting the assembly line of the future in one of its elec-
tronics factories in Amberg, Germany. 

“The Amberg factory is a good illustration of where we’re 
heading,” Horstmann is quoted as saying on Siemens’ web-
site. “Digital planning still has to be transferred into real 
production ‘by hand’ in Amberg, as the two processes are 
currently sequential. However, in the future they will in-
creasingly overlap, and they will ultimately be concurrent ... 
When that happens, engineers who plan a new product, such 
as a new switchgear, will use special software to simultane-
ously design its manufacturing process, including all associ-
ated mechanical, electronic, and automation systems.”

It’s an amazing concept to contemplate. Look at how simul-
taneously being able to design and simulate mechanical and 
virtual systems has already drastically changed the design engi-
neer’s job responsibilities. The ramifications of simultaneously 
being able to impact the workings of a factory of the future as 
you’re designing and simulating a product are mind boggling. 

Horstmann’s prediction won’t come true overnight, but 
if and when it does, the definition of design engineering will 
broaden so much that today’s state-of-the art will barely be 
recognizable. Increasingly, many design engineers are tasked 
with bringing computation, control and communication 
technologies together in one product—one system—via me-
chanical, electronic and software-based solutions. We may be 
witnessing the first steps toward the design-driven factories 
of the future.  DE

Jamie Gooch is the managing editor of Desktop Engineering. 
Contact him at de-editors@deskeng.com.

The Next Industrial Revolution

Cyber-physical systems bring 
together software, sensors  
processors and communications.
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As part of its efforts to stake 
out new turf beyond CAD 
and product lifecycle man-
agement (PLM), PTC 

has steadily built a broad portfolio of 
products in the service lifecycle manage-
ment (SLM) space. PTC’s strategy is to 
tap into the growing number of large 
companies that are looking to overhaul 
service processes and build synergies be-
tween service groups and engineering to 
transform service from functioning as a 
cost center to becoming a steady source 
of new revenues and profits.

PTC’s latest acquisition in this arena 
is Enigma, which markets software used 
to deliver product, parts and service 
information to engineers and service 
technicians working in maintenance 
facilities, field service or dealer environ-
ments. What Enigma provides that 
PTC currently lacks is a centralized 

“Service Center” portal for delivering 
third-party service information — be 
it CAD files or some other technical 
document — that was created outside of 
the PTC platform. Currently, PTC pro-
vides capabilities for delivering and pub-
lishing service-related information, but 
the materials had to have been authored 
and stored in PTC products like Creo 
Illustrator or Arbortext, notes Dave 
Duncan, PTC’s vice president, product 
management for its SLM segment.

“What we’ve been lacking on the 
Service Center side is an efficient way 
to deliver third-party created informa-
tion,” he explains. “There’s a broad 
range of illustrations created in differ-
ent products, and we want to be able to 
deliver that feedback efficiently. That’s 
where Enigma fits in.” 

Having one system for services that 
can provide the latest configuration-spe-

cific content and 
parts information 
will greatly improve how technicians 
work. It will also promote better quality, 
product uptime and ultimately, customer 
satisfaction, Duncan says.

There is also an upside for engineers: 
As technicians perform their service 
work, they can provide feedback, iden-
tifying problem areas that engineering 
can address in workarounds or subse-
quent designs. They can also identify 
poorly written technical information.

“Typically, engineering hasn’t gotten 
this kind of feedback unless problem 
reports are logged into the contact 
center,” says Duncan, adding that most 
companies have disjointed, manual pro-
cesses and maintain multiple systems 
so there is no tight integration between 
engineering and service groups.   

— B. Stackpole

Enigma Buy Extends PTC’s SLM Push

E ight months ago, Autodesk 
bought the technology of 
HSMWorks, which is con-
sidered to be a leading CAM 

software house. The acquisition is now 
bearing fruit. In July, Autodesk released 
a public beta version of Autodesk Inven-
tor HSM Express, a plug-in that lets you 
study and simulate machining opera-
tions from inside Autodesk Inventor.

Before the acquisition, HSMWorks 
had already made a name for itself 
with the popular SolidWorks add-on, 
HSMXpress for SolidWorks. Despite 
the slight variation in spelling (Xpress 
for SolidWorks, Express for Inven-
tor), the two packages offer identical 
feature sets, according to Anthony 
Graves, an HSMWorks veteran who 
joined Autodesk as a product manager 
after the acquisition.

Like HSMXpress for SolidWorks, 

HSM Express for Inventor 
is free. Both are limited to 
2.5-axis milling operations. To 
simulate more complex opera-
tions, you’ll need the paid ver-
sion. For those who work with 
organic shapes and surfaces, 
the commercial versions are 
better options.

Like the commercial ver-
sions, the free versions are also 
programmed for distributed 
computing, which tends to 
speed up tool-path generation when 
dealing with complex geometry. How-
ever, the type of geometry possible with 
2.5-axis is not usually complex enough 
to justify multicore processing, so users 
will not likely take advantage of it.

The free versions, Graves says, target 
“designers and engineers who are inter-
ested in subtractive manufacturing or 

machining. The express products give 
them a risk-free way to explore CAM, 
right inside the design tool they’re used 
to working with.” 

— K. Wong

Eight months after acquiring 
HSMWorks, Autodesk released 
Inventor HSMWorks Express, a free 
CAM plug-in for Inventor.

Inventor HSM Express Now in Public Beta
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Answers for industry.

Making a great product takes more than inspiration. It 
takes thousands of decisions for a good idea to become 
real. Not just the big milestone decisions, but all the small 
decisions that lead up to them. The fact is, anyone can 
make the decision that makes the difference in your 
product’s success.

For leading companies throughout the world, Siemens 
PLM Software is an essential environment for immersive 
product decision-making. Our solutions give everyone 
involved in making your products “high-definition PLM.” 
HD-PLM ensures that people get the information they 
need, when they need it—with absolute clarity—to make 
more informed decisions faster.

No matter what industry you’re in—automotive or 
aerospace, electronics or energy, marine or medical, 
machinery and more—Siemens PLM Software helps 
you make the smart decisions that go into making great 
products. Learn more at www.siemens.com/plm/
autodesignexcellence.

Siemens PLM Software provides an immersive decision-making 
environment that understands the cross-functional dependencies 
in your product lifecycle process. This gives everyone the right 
information in the right context to make the right decisions.
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A t first, it seemed like Au-
todesk was just talking up 
the cloud. Then the maker 
of professional design 

software embraced the cloud as a 
springboard for a whole new family of 
consumer-oriented design capabilities. 
Now, Autodesk is back in the cloud 
spotlight with a pretty robust lineup of 
services intended to bring flexibility, 
compute scalability, and more col-
laborative interaction to professional 
design engineers.˜

On the heels of the official debut 
of Autodesk Fusion 360 in June, Au-
todesk unveiled a trio of offerings: 
Autodesk Mockup 360, a cloud-based, 
real-time collaboration and digital 
mockup tool; Autodesk Configura-
tor 360, a cloud-based configuration 
service; and Autodesk Sim 360, a 
cloud-based, lightweight application 
for mechanical simulation and finite 
element modeling. These latest addi-
tions are based on the Autodesk 360 
cloud-based design platform, which 
launched in September 2011 and 
which Autodesk claims has already 
been accessed by 15 million users.

Entrepreneurs Flock to the Cloud
While Autodesk says small entrepre-
neurial businesses (actually, what they 
call “very small businesses”) are the 
most avid adopters of the new cloud-
based tool portfolio, it says companies 
of all sizes are experimenting with the 
new paradigm, according to Richard 
Blatcher, Autodesk’s senior global in-
dustry marketing manager. What’s in-
teresting, though, is rather than com-
panies choosing between a traditional 
or cloud-based delivery model for 
their design tool software, Autodesk 
sees companies leveraging both styles 
depending on the particular workflow 
— a scenario Blatcher likens to the 
evolution of working in both 2D and 
3D depending on the task.

“It’s not a decision of whether to 
work traditionally or work in the cloud, 
it’s an ‘and’ play,” he explains. “A huge 
number of customers will continue to 
work in Inventor and add [cloud-based] 
services at their own pace.”

Where Blatcher and other Au-
todesk execs see the value of the 
cloud is in its flexibility to accom-
modate what has fast become a nearly 
universal need to collaborate on 
designs with outside partners, suppli-
ers, customers and even outsourced 
engineering teams. 

“Many traditionalists think orga-
nizations operate independently in 
closed bubbles of their own, but that’s 
not correct in today’s marketplace,” 
notes Steve Hooper, Autodesk’s 
senior product line manager for me-
chanical design.

While the universal hurdle to 
the adoption of cloud-based design 
software has been concerns around 
security, Autodesk says companies are 
becoming more comfortable with the 
model. Moreover, the tried-and-true 
ways of sharing engineering IP and 
CAD models across a dispersed design 
team has been through email or an 

overnight delivery service — both of 
which have their own inherent secu-
rity risks, Hooper says. “It’s infinitely 
more secure to share IP through a 
professionally managed cloud-based 
service,” he adds. “To see the cloud as 
a risk is to ignore how people do busi-
ness today, and to ignore the market 
drivers in terms of global supply chain 
collaboration.”

What follows is a snapshot of the 
new Autodesk 360 offerings.

Mockup 360 
This cloud-based, real-time col-
laboration and design mockup tool 
will allow engineering groups to 
capture and aggregate CAD data 
from various sources and formats 
(PTC’s ProE, SolidWorks, STEP and 
IGES files, among others) and bring 
it together in one environment. Up 
to 500 people can be online concur-
rently connected to the same model, 
Autodesk says, allowing them to cre-
ate markups, edit positions and check 
for interferences without the need to 
install desktop solutions.

Autodesk Fills out 360 Cloud Portfolio

Autodesk Mockup 360 allows up to 500 people online to be connected to the 
same model. Image courtesy of Autodesk.

Continued on page 12 ...
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Virtual Desktop        by Kenneth Wong & Beth Stackpole  by Kenneth Wong & Beth Stackpole         Virtual Desktop

Configurator 360 
This cloud-based service improves 
productivity and reduces cycle times, 
allowing companies to deliver an 
online catalog of products to custom-
ers and sales reps for the purposes of 
building custom models for quoting 
or for new product design. Accessed 
via a browser or mobile app, users 
start by uploading an Inventor or 
Inventor Engineer-to-Order (ETO) 
part or assembly to Configurator 360, 
which then identifies the parameters 
or rules as defined in iLogic or ETO, 
providing the  ability to define cus-
tomization options before deploying 
the configurator.

Sim 360 
Building on what it announced last 
September, Autodesk took the wraps 
off of Sim 360. It was designed to ad-
dress a key problem Autodesk heard 
from customers — that they were 
lacking the computational resources 
to do mechanical simulation on any 
grand scale, according to Derrek 
Cooper, senior product line manager 
for simulation. Sim 360 has capa-
bilities for finite element analysis 
(FEA), computational fluid dynamics 
(CFD) and Moldflow. It also pro-
vides a cloud-connected workflow 
for simulation, which can store data 
locally in-house while leveraging the 
infinite computing resources of the 
cloud to do the heavy computational 
lifting. Now, instead of being limited 
to two or three simulations, compa-
nies can run many more simulations 
concurrently — which leads to more 
effective design optimization, Coo-
per says.

All of the new 360 products, in-
cluding Fusion 360, are available for 
a free 90-day trial. For video demos 
of how some Autodesk cloud-hosted 
products work, visit deskeng.com/vir-
tual_desktop/?p=7312. 

— B. Stackpole

The punch line came about 20 
minutes into the demo. Osman 
Kent, CEO and co-founder of 
Numecent, showed a mischie-

vous smile as he clicked off the last of 
his PowerPoint slides.

“You’ve just seen a PowerPoint 
presentation,” he said. “But I don’t have 
PowerPoint installed on my machine.”

What he had was a thin client, 
showing a list of applications he was 
running remotely. PowerPoint was 
listed in that registry. Then it dawned 
on me. The presentation I just saw was 
also a demo. It was running on Nu-
mecent’s cloud-streaming technology, 
dubbed NaaS (Native-as-a-Service).

Kent was in San Francisco in July, 
part of his tour to promote NaaS. We 
met at a gourmet coffee stand in the 
Mission, the Bohemian district where 
unorthodox ideas are universally en-
couraged. Kent described NaaS as a 
“white-label cloud-paging platform.” 
NaaS is a play on the familiar terms 
SaaS (Software-as-a-Service), PaaS 
(Platform-as-a-Service), and IaaS 
(Infrastructure-as-a-Service). It’s 
“white-label” because it’s meant to 
work behind the scenes, as an invisible 
middleware — or, if you’d like, back-
groundware.

Streaming Software
Kent is currently pitching Numecent’s 
technology to independent software 
vendors (ISVs). His proposition to 
CAD/CAM/CAE software makers is 
quite straightforward: You want to get 
into the cloud commerce without re-
writing your legacy desktop code? Just 
offer a web-streaming version using 
Numecent’s NaaS.

“As the delivery of digital goods 
moves unstoppably toward the cloud, 
companies offering SaaS have been 
reaping enormous economic benefits 
with their Web applications,” Kent 
explains. “However, until the advent of 

NaaS, most ISVs with native applica-
tions have been unable to participate 
in this new economy due to techni-
cal, financial and resourcing barriers. 
NaaS changes all that. It is an instant 
enabler for ISVs large and small who 
want to monetize their inventory now 
— with or without subscription. NaaS 
is an effortless on-ramp to the cloud 
economy for ISVs.”

NaaS is different from SaaS in 
one aspect, according to Kent. NaaS 
allows you to stream, cache and run 
a native CAD program; SaaS lets 
you access the software on a remote 
server and stream pixels to your 
monitor. The NaaS advantage, Kent 
points out, is that you’re working 
with native CAD geometry, not just 
sending and receiving pixels.

Another significant difference 
between SaaS and NaaS: SaaS ap-
plications rely on the remote server 
to do the lion’s share of the work and 
only transmit pixels representing the 
results (edited geometry, simulation 
results, and so on). NaaS applica-
tions transmit the necessary chunks 
of code and run them on your local 
machine’s resources.

NaaS requires you to possess the 
hardware suitable for the software 
you’re streaming. Kent says he be-
lieves that wouldn’t be a hurdle for the 
design and engineering market, how-
ever, because most users do have the 
necessary hardware.

So why bother streaming? Why 
not just use the desktop-installed 
version? Kent’s list of NaaS benefits 
include the options to:
•  rapidly “cloudify” and “SaaS-ify”  

software inventory;
•  rapidly integrate with web services  

such as e-Commerce or CRM;
• enjoy drastically reduced piracy; and
•  offer friction-free trial or beta  

programs.
— K. Wong

Cloud Computing Gone Native... Continued from page 10.
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The Automotive and Rail Industries are moving to compos-
ites to improve fuel efficiency, but now face the challenges 
of predicting composite crash performance. Composite 

structures can provide significant gains in energy absorption 
over traditional materials — if designed well. How can structural 
simulation be used to evaluate crushing of composite designs, 
without extensive test correlation? One solution is CZone for 
Abaqus from SIMULIA, an application from Dassault Systèmes, 
the 3DEXPERIENCE company. CZone for Abaqus offers a re-
alistic 3D composite crush simulation experience for customers, 
says Marc Schrank, who heads up the SIMULIA Key Customer 
Engagement group of Dassault Systèmes.  

Requirements and Key Functionality
Crushing and energy absorption have been extensively modelled 
for metallic structures, where progressive local buckling and col-
lapse is a dominant mode. Composite-intensive structures pres-
ent a new challenge due to very different characteristics. When a 
composite structure is subjected to crushing loads, the composite 
layup progressively ‘disintegrates’ into fine debris or develops 
complex crush patterns. This disintegration generally provides 
for much greater energy absorption capacity than for metals. 

CZone for Abaqus is an add-on to Abaqus/Explicit that pro-
vides a unique methodology for composite crush simulation oc-
curring in a vehicle impact. It is based on CZone technology from 
Engenuity Ltd., in the UK. The uniqueness of the CZone tech-
nology is the recognition of “crush stress” as a material property 
for composite laminates that can be measured from coupon tests 
in a lab test rig. This measured crush stress can then be used in 
crash simulations. 

Compare this to traditional methods requiring extensive el-
ement material parameters that need to be tuned against test 
at the full component level. With the traditional approach you 
often have to know the results of expensive physical tests before 
building the components into an overall vehicle simulation.

This fact is not lost on several major automotive manufac-
turers who are renowned for needing fast, accurate, and reli-
able simulation as early as possible in the design cycle. BMW’s 
evaluation of CZone for Abaqus is reported in a recent paper by 
Schrank and co-authors from BMW and Engenuity1.

The other well-established crash and impact technologies 
inherent in Abaqus/Explicit are available to use in conjunction 
with CZone for Abaqus. Accurately simulating both the crush-
ing response and the crush loads transmitted throughout the 
rest of the structure are important. If overall load levels become 
too great, the structure may fail or lose its integrity due to frac-
ture or buckling modes. Simultaneously using built-in features 
in Abaqus/Explicit to predict such potential non-crushing fail-
ures away from the crush zone is important to using simula-
tion most effectively when designing crashworthy composite-
intensive structures. 

The CZone Breakthrough
Traditional composite crush simulation relies on developing 
the methods used for metallic structures by controlling ele-
ment stiffness and deleting elements as material is destroyed. 
Due to the brittle nature of composites, this is difficult in 
high-speed composite impacts, hence the need for elaborate 
tuning against tests. 

The CZone for Abaqus approach is elegant and pragmatic. A 
contact surface interaction is used to control the crushing mate-
rial behavior. The crush stress property is used in the simulation 
to predict the forces a crush zone will transmit to the structure. 
The technique has shown excellent correlation in predicting 
both the energy absorption in the crush zone as well as poten-
tial failures away from the crush zone in complex assemblies. 

Minimal Testing
“Simulation professionals in the Automotive Industry are carry-
ing out highly productive analysis today with CZone for Abaqus,” 
Schrank says. “The key to this is minimal test correlation to vali-
date the local material crush response, enabling predictive simula-
tion, from full component up through full vehicle simulation.”

Those working in the composite material crashworthiness 
field should closely evaluate the Dassault Systèmes realistic 
simulation technology available in CZone for Abaqus. DE

Source: 1. System Level Design Simulation to Predict Passive Safety 
Performance for CFRP Automotive Structures. Lescheticky, J., Barnes, 
G., and Schrank, M., SAE Technical Paper 2013-01-0663, 2013

INFO ➜ SIMULIA, Dassault Systèmes: www.3ds.com/simulia

CRu shing
 Composite s imulation
CZone for Abaqus, from Dassault Systèmes, provides 
fast transition to predictive composite crash simulation.
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University of Tokyo 
Develops e-Skin
In cooperation 
with the Johannes 
Kepler University, 
University of 
Tokyo scientists 
have developed 
a flexible sensor thinner than plastic 
wrap and lighter than a feather. The 
scientists refer to their breakthrough as 
“imperceptible electronics,” or e-skin. 
When a patch of the material is fastened 
to the human body, researchers claim it is 
all but impossible to notice.

Along with providing a touch-
sensor type system, the imperceptible 
electronics could also be used to monitor 
the health of a patient, embedded as part 
of a prosthetic to provide feedback, and 
possibly form the basis for robotic skin 
in the future. The nearly indestructible 
material is manufactured in huge plastic 
sheets by putting a thin layer of aluminum 
oxide over an equally thin polymer foil. 
Circuitry is then added using carbon-
based organic components, which can 
be tailored to use in a method similar to 
standard electronics. 
MORE ➜ engineeringontheedge.
com/?p=5154

Disney’s AIREAL Next 
Generation Haptic Tech
Disney Research is pushing the 
boundaries of the user interface with its 
AIREAL haptic feedback system, which 
provides users with a touch experience 
sans screen or any other physical device.

The almost entirely 3D-printed system 
is designed to use a vortex, a ring of air 
that can travel large distances while 

keeping its shape and speed. When the 
vortex hits a user’s skin, the low-pressure 
system inside it collapses and imparts 
a force the user can feel. An actuated 
flexible nozzle allows a vortex to be 
delivered to any location in 3D space.

Stacking multiple AIREAL systems in 
an area increases the haptic feedback, 
potentially creating a method of 
interacting with digital 3D objects. 
MORE ➜ engineeringontheedge.
com/?p=5095

Sweat Machine Draws 
Attention to the Lack 
of Drinkable Water
According to UNICEF, approximately 780 

million people around the world lack access 
to clean drinking water. As part of its efforts to 
raise funds to provide water purification tablets 
to those who need them, the organization teamed up with the Gothia Cup 
youth soccer event and developed the Sweat Machine — a device that can 
extract sweat from clothes and turn it into potable water.

Participants and visitors at the tournament were asked to contribute their 
sweaty clothes and, if they were willing, drink a glass of the resulting water. 
The machine spins the clothes to remove the sweat, then filters the liquid 
to remove salts, bacteria and fibers. The International Space Station uses 
similar technology to turn urine and sweat into potable water.
MORE ➜ engineeringontheedge.com/?p=5121

Cardboard Printer Made 
From Recycled Paper
The Origami is a personal mono laser 
printer with an exterior made out of 100% 
recycled paper. Designers at Samsung 
Electronics created it to simplify the 
complex structures usually required for 
building a printer. The exterior provides 
the same durability as a plastic cover via 
an origami-based assembly method to 
house the print engine. The designers 
also claim that it’s waterproof. 
MORE ➜ engineeringontheedge.
com/?p=5027

Magnetic Direct Drive 
Motors for Weed 
Whackers, Wind Turbines
Montana-based CORE Outdoor Power 
has come up with an interesting 
alternative to gas-powered motors. The 
Conductor Optimized Rotary Energy 
(CORE) motor uses printed circuit 
boards (PCBs) to generate motion in a 
wireless, ironless form factor. A circular, 
multi-layer PCB is sandwiched between 
ring-shaped magnets. A battery sends 
electricity through 10 layers of copper 
conductors; this action spins the 
magnets and turns the motor. 

Currently, the company offers the 
motor as part of 
its Power Lok Drive 
Unit, which can 
be connected to 
blower and trimmer 
attachments. 
Parent company 
Core Motion also has a wind generation 
division, Boulder Wind Power, which will 
use the same basic motor concept for 
wind turbines. The direct-drive generator 
technology touted by the company boasts 
the ability to deliver the same torque with 
half the mass of comparably rated iron-
core direct-drive generators. 
MORE ➜ engineeringontheedge.
com/?p=4980

➜ For daily coverage on the future of engineering technology, visit EngineeringOnTheEdge.com
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2SEAS Surveillance 
Drone Built Using AM
The 2SEAS drone, designed by the 
University of Southampton, has been 
developed specifically to help the 
United Kingdom, France and the 
Netherlands patrol the North Sea and 
the English Channel for smugglers and 
drug traffickers.

The body of the 2SEAS was built using 
additive manufacturing (AM). 3D printing 
allows designers to make lighter aircraft 
to help increase the amount of time a 

drone can spend in flight. Large pieces 
of the plane can be created in a single 
build, from a single piece of material, 
rather than from multiple parts. Fewer 
parts makes for a lighter aircraft, which 
reduces fuel expenditures.
MORE ➜ rapidreadytech.com/?p=4653

New AM Process Leads  
to Stronger Alloys
Germany’s University of Rostock has 
done research into metal additive 
manufacturing (AM), with a focus on spark 
plasma sintering (SPS) as the method of 
building parts. SPS uses pulse energizing 
and mechanical pressure to quickly sinter 
metal powder into the desired shape. 
While SPS isn’t new, the step immediately 
following a build is where researchers have 
made a breakthrough.

Researchers used a titanium alloy 
part for their experiment. Instead of 
allowing a part to cool naturally, it was 
subjected to a two-step cooling process. 
When analyzed, the part was found to 
be 12% harder than titanium parts left 
to cool naturally, and had an improved 
ductility up to 34±3%. Additionally, the 

research suggests the faster a part is 
cooled, the harder it becomes.
MORE ➜ rapidreadytech.com/?p=4702

Printing Metal 3D Objects 
at Room Temperature
3D printing with metal is accomplished by 
a number of processes, usually involving 
creating a melt pool to build an object, or 
sintering the powder into solid form.

These processes often require 
a vacuum-sealed chamber or high-
powered lasers to create a build, 
resulting in AM systems with a 

hefty price tag. 
But researchers 
at North Carolina 
State University have 
discovered a method 
to build 3D structures 
using liquid metal at 
room temperature. The 

structures are built without the use of a 
vacuum chamber or laser.

The researchers’ work revolves around 
the binary eutectic alloy of gallium and 
indium, but, according to the team, 
should work with just about any alloy of 
gallium. EGaIn remains a liquid at room 
temperature and possesses metallic 

3D-printed Water Propulsion 
System Inspired by Octopods

The Fraunhofer Institute has been studying 
octopods to determine the natural 

mechanisms that allow the creatures to swim 
and, more specifically, how they manage to 
create a quick burst of speed when they need to 
make a quick getaway. 

“We have integrated this propulsion principle into our underwater actuators: Four 
elastomer balls with mechanical inner workings create propulsion by pumping water,” 
explains Andreas Fischer, an engineer at the Fraunhofer Institute in Stuttgart, Germany. 

To operate, water is drawn into an elastomer ball through an opening that is 
equipped with a recirculation valve to keep the water from escaping. A motor pump 
then operates a hydraulic piston, which flexes the mechanical version of an octopus’ 
muscle, pushing the water back out of the ball. The system provides enough propulsion 
to maneuver small watercraft, and could also be used as a swim aid for divers.
MORE ➜ rapidreadytech.com/?p=4646

➜ For more coverage of rapid technologies, visit RapidReadyTech.com

conductivity. Exposure to air forms a thin 
skin atop the metal, allowing it to maintain 
its shape while the interior hardens.
MORE ➜ rapidreadytech.com/?p=4689

New AM Process
Brian Harms, a design research master’s 
program student at the Southern 
California Institute of Architecture, has 
advanced a new additive manufacturing 
(AM) process he calls “suspended 
deposition.” In its current state, 
suspended deposition employs a robotic 
arm and liquid resin to build 3D objects 
in a tank of gel.

The gel acts as a support material for 
builds, allowing objects to be built with a 
light-curing resin material. Working in this 
manner allows for builds to proceed in 
three dimensions, rather than ending in 
a 3D object. Different parts of an object 
can be built up before returning to the 
base and working on a separate area, 
and alterations in the design can be 
achieved by adding to “finished” portions 
of the object during the same build.

In addition to building in three 
dimensions, the nature of the light-
curing resin suspended in gel allows for 
subtractive methods. 
MORE ➜ rapidreadytech.com/?p=4843
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While an entry-level workstation may command 
a slightly higher price point than a top-of-the-
line desktop, the few hundred-dollar difference 

is more than offset by productivity increases that experts 
estimate can be as high as 30% for common engineer-
ing tasks like CAD design and simulation. To avoid being 
penny wise and pound foolish, experts suggest answering 
the following five questions before determining that a 
workstation is cost prohibitive.

1. Do I really need a workstation? The answer to that 
question boils down to whether the work you do is essential 
to the actual design of a product. If you are doing full-blown 
CAD design or running simulation, a workstation is the bet-
ter choice not only due to increased performance, but be-
cause a workstation is tested, optimized, and even certified 
to run critical engineering applications. For example, most 
workstation configurations include ECC (Error Correcting 
Code) memory, which detects and corrects the most com-
mon kinds of internal data corruption, ensuring that critical 
design work and intellectual property is properly protected.

2. What processor best meets my needs? Resist the 
compulsion to purchase the fastest processor on the market. 
Spend time evaluating the applications and workflows es-
sential to getting your job done. Most design applications 
are frequency sensitive, but investing in the fastest processor 
isn’t the only way to ensure optimal performance. By buying 
a system equipped with a processor that’s one or two fre-
quencies down from the top-of-line model, users can channel 
potential savings towards other, less expensive technologies 
that can impact performance.

3. How much memory do I really need? Studies show 
that engineering users should outfit their system with twice 
as much memory as the largest model they are working with. 
Doing so mitigates the need for paging (accessing the hard 

drive), which can deliver a potential performance increase of 
2X, according to experts. Therefore, redirecting savings on 
lower frequency processors to additional memory resources 
can be an effective way to escalate workstation performance 
without breaking the bank.

4. What kind of graphics solution is necessary? Back 
away from the testosterone-driven conclusion that a work-
station needs to be equipped with the biggest and baddest 
graphics card. If your day-to-day work involves non-linear 
editing or you are working with graphics models that are 
extraordinarily large, than yes, you might need to invest in a 
system with a top-of-line GPU. More realistically, however, 
most engineering users can get away with a mid-range or 
even entry-level graphics card and still see more than suf-
ficient performance with common CAD modeling tasks.

5. What’s the appropriate storage medium for my sys-
tem? Most high-end desktop systems are configured with 
hard disk drives, but engineering users can greatly benefit 
from the added performance of solid state disk drives (SSDs), 
which are a staple of most workstations. Research shows that 
configuring a system with SSDs delivers dramatic productiv-
ity improvements. For example, Computer Aided Technology, 
Inc. estimates that enterprise workers can see productivity 
gains of up to 3X via use of SSDs, particularly when opening 
and closing multiple files and working with large data sets.

So don’t fall into the trap of assuming a properly config-
ured workstation is out of reach. By working through the 
answers to these questions and by remaining open to a range 
of performance-boosting technologies, a 
workstation can end up as the most cost-
effective and efficient route to optimiz-
ing design productivity. DE

INFO ➜ Intel Corp: intel.com/go/workstation

Use this checklist to ensure you’re making the best decisions.

5 Questions 
to Ask Before
Buying a Workstation 
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You may know EPLAN for its EPLAN Electric 
P8 electrical planning and engineering tool, 
the EPLAN Harness proD 3D software system, 
and its EPLAN Pro Panel 3D CAE solution for 
engineering control cabinets and switchgear 
systems. EPLAN Engineering Center One 
-- EEC One -- is the mechatronics-centric solu-
tion in the company’s integrated suite of engi-

neering solutions for electrical product design 
and automation development broadly known 
as the EPLAN Platform.

The basic idea of EEC One is to reduce 
configuration times and costs by providing 
structured access and information exchange 
across engineering disciplines.
MORE ➜ deskeng.com/articles/aabkbm.htm

FLOW-3D/MP is the distributed version of 
Flow Science’s FLOW-3D CFD solution for 
transient, free-surface CFD modeling. That 
is, FLOW-3D/MP is a parallel code version 
of the software that’s optimized for multi-
core 64-bit Linux clusters. It has the poten-
tial to scale up to 128 cores or more.

FLOW-3D itself is a general-purpose CFD 
system. It is intended to give you the means 
to tackle pretty much any fluid dynamics 
and heat transfer problem life throws at you. 
By the way, it handles meshing and post-
processing without additional modules.
MORE ➜ deskeng.com/articles/aabkcy.htm

The WhisperStation line of workstations 
from Microway is engineered to be quiet 
while being powerful engineering systems. 
The trick is that Microway assembles its 
WhisperStation line with quiet fans and 
power supplies and, perhaps more impor-
tantly, internal sound-proofing. 

The single or dual multicore CPU 

WhisperStation-Maximus workstations 
also leverage NVIDIA Maximus 2.0 technol-
ogy and NVIDIA Quadro accelerators with 
companion Tesla K20 GPUs (graphics 
processing units). This provides you with 
simultaneous visualization and interactive 
design capabilities.
MORE ➜ deskeng.com/articles/aabkej.htm

FRIENDSHIP-Framework from Friendship 
Systems is a CFD-centric 3D parametric mod-
eler, a portrayal that turns conventional think-
ing on its head. What this all means is that 
you can create shapes with smart parameters 
relevant to simulation without hassling with 

the features baggage that traditional CAD 
models come with. You can use the software 
as your main CAD tool, according to the com-
pany, but it also integrates with design tools 
like CATIA, NX, PTC Creo, and SolidWorks.
MORE ➜ deskeng.com/articles/aabkgb.htm

Mechatronics Solution Reduces Configuration Time, Costs
EEC One provides structured access to product and machinery configuration data.

CFD Software Scales for Multi-Core Clusters
FLOW-3D/MP sees the debut of an improved automatic decomposition tool intended 
to save preparation time and effort.

Workstations Accelerate Engineering
Microway also announces servers using NVIDIA Kepler technology.

Shape Optimizer for CFD-Driven Design Updated
Company also announces a complimentary release said to help more engineers 
leverage simulation-driven design.
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Editor’s Note: As Kenneth Wong illustrates on page 24 of this issue, 
there is plenty of room in upfront design engineering for both addi-
tive and subtractive rapid prototyping technologies. To have a little 
fun pointing out the strengths and weaknesses of both technologies, 
we decided to pit Todd Grimm (representing additive) against An-
thony Graves (representing subtractive) in this point-counterpoint 
arena. While both Grimm and Graves see the value in using both 
approaches, we asked them to pick a side and come out swinging.

Point: Additive manufacturing is capable of making complex, 
intricate and delicate parts and products that subtractive 
techniques cannot.
Todd Grimm: What is im-
practical or impossible with 
subtractive manufacturing is 
encouraged with additive man-
ufacturing. Instead of review-
ing a design to decide if it is 
possible and how to approach 
the machining operations, ad-
ditive manufacturing allows 
you to print virtually anything 
that the mind can conceive.

In the impossible category, 
additive manufacturing can 
reproduce internal, S-shaped 
channels; deep, narrow slots; 
tall, thin walls; and deep undercuts. And that is just the tip of 
the iceberg. There is no need to contemplate how to repro-
duce complex, intricate or delicate features. They are simply 
a given with additive manufacturing.

In the impractical category, include all the design features 
that add excessive time and cost to the machining operation. 
With additive manufacturing there is rarely a negotiation be-
tween design (complexity) and manufacturing (time). In the 
subtractive world, especially for prototypes, the question “Do 
you really need that?” is common.

In the additive manufacturing world, the time and cost 
equation is turned on its head. For example, adding features 
can actually decrease both. With subtractive manufacturing, 
every hole, pocket or slot increases time and cost. With ad-
ditive manufacturing, they remove material, which decrease 
build time and material consumption.

Counterpoint: Subtractive manufacturing is capable of 
producing a high volume of finished parts.
Anthony Graves: While 3D 
Printing is almost always the 
go-to-technology when it 
comes to rapidly prototyping 
complex parts and assemblies, 
there is simply no substitute for 
CNC machining when it comes 
to producing large volumes of 
parts out of metals, plastics, and 
wood. Very sophisticated multi-
tasking CNC machines and 
horizontal machining centers 
designed for production ma-
chining are capable of producing 
thousands of parts a day. 

Point: Subtractive manufacturing is faster than additive 
manufacturing, even for small runs.
Graves: Many parts produced today, even those with organic 
3D surfaces, can be produced on CNC machines very quickly. 
As CAM software has evolved, more and more companies who 
once outsourced their machined parts are recognizing that they 
are able to produce parts in-house much faster when it comes 
to prototypes and even small production runs. The variety work 
holding options available today allows users to produce.
Counterpoint: Additive manufacturing requires little setup and 
can print multiple pieces simultaneously without intervention.
Grimm: Faster is subjective. If speaking of only the time spent 
cutting material, I agree that subtractive processes are generally, 
but not always faster. However, once we include all time, both 
productive and non-productive, the total elapsed time for additive 
manufacturing is hard to beat for one-offs and small batch pro-
duction. Just minutes after a design is complete, the part(s) can be 
building…no CAM programming, no fixture making, no setups. 

And once running, the process is automated and unattended. 
With subtractive processes, do you really trust your program 
enough to let a first run go unattended, or do you babysit the 
machine tool to watch for tool crashes? And how often do you 
have a single setup run? Even with an expensive 5-axis machine 
tool, you will need a second setup to make the bottom of the part. 

Setups and machinist oversight means overnight and week-

FOR ADDITIVE TECHNOLOGIES: 
Todd Grimm, founder and 
president of T. A. Grimm & 
Associates, Inc.

FOR SUBTRACTIVE 
TECHNOLOGIES: Anthony 
Graves, Autodesk product 
manager for HSMWorks.

Point-Counterpoint
Subtractive vs. Additive
Point-Counterpoint
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end runs of a machine tool aren’t going to happen unless you 
have staffing around the clock. So, it’s 4:45 p.m. on a Friday 
—  with additive manufacturing, the part is complete the mo-
ment you walk in the door on Monday. 

But let’s forget about all that and focus solely on multi-
part runs, which are the hallmark of additive processes. You 
can put any combination of parts in a single run. Running in 
parallel, versus the serial subtractive approach, will always be 
faster and much more efficient.

Point: Additive manufacturing allows design engineers to 
quickly test multiple new ideas without waiting on a machine 
shop to ship a prototype.
Grimm: With additive manufacturing, two or more design revi-
sions can be completed in less than a day. It is common practice 
to design, print, review, redesign and reprint a new concept in a 
single workday. This means that a design engineer will produce 
more iterations in a given period of time, leading to better designs.

That statement assumes a serial process (one revision at a 
time) and a centralized additive manufacturing operation that 
supports multiple design teams. But if we change the practice, 
the design process becomes even faster. 

Put a desktop additive manufacturing equipment on a design 
engineer’s desk to make the process self-serve. Now there is no 
queue, no waiting for resources and no haggling to get a job expe-
dited. Prototypes are cranked out as fast as the design ideas arise.

And what if the design engineer has two, three or four design 
ideas? With additive manufacturing, he/she can print them all 
at the same time and review them side-by-side to pick the best. 
Counterpoint: Small subtractive manufacturing equipment 
can be used in-house, much like 3D printers, to produce 
prototypes on demand as well.
Graves: Depending on the complexity of the finished part or 
assembly, having the ability to machine parts in-house allows 
you to turn parts around faster and for less money than out-
sourcing. It all depends on the type of part you are trying to 
produce and the job shops you have access to. And, unless you 
work specifically with a firm that specializes in rapid turn-
around of machined parts, you will contend with the same 
market forces that drove you to purchase your own 3D printer 
in the first place; turn-around time, cost, and quality.

Point:  Subtractive manufacturing techniques require less 
finishing than additive manufacturing techniques. 
Graves: With today’s advanced CAM and machining technol-
ogy there is usually zero work required after the machining 
process, with the sole exception being the occasional debur. 
Even large mold and die jobs that required a great deal of 
polishing and handwork in years past require little to no 
post-machining hand work. Today, most parts can be pulled 
off a machine, wiped off, and sent off to shipping, where they 
are sent directly to the customer or outside suppliers for ad-
ditional processing like heat-treat, anodizing, etc.

Counterpoint: Secondary operations aren’t foreign to 
subtractive processes.
Grimm: At a cursory level, I grant that subtractive manufacturing 
makes parts with surface finishes and accuracies that match most 
product specifications. But secondary operations aren’t foreign to 
subtractive processes. Ever had to add post-machining grinding 
to match the product spec or do a deburring operation? Ever had 
to tweak mating parts in an assembly? Ever had to split a part, 
and then join the pieces to make shadowed or internal features?

With additive manufacturing, parts will never be split due 
to the complexities of the design. On the contrary, we promote 
combining multiple pieces from what has to be an assembly in 
the subtractive realm. This eliminates all of that secondary work.

Point: Subtractive equipment costs more than entry-level 
additive manufacturing equipment.
Grimm: Let’s assume a company is starting from scratch. It 
doesn’t’ have equipment, trained staff, facilities or supporting 
tools and equipment. In the world of additive manufacturing, 
companies can get started with a few thousand dollars, an 
electrical outlet and a day’s worth of operator training. With 
that tiny investment it can be cranking out models, proto-
types, patterns and production parts.

As that company’s demand for additive manufacturing 
grows, a single trained operator can schedule, manage, over-
see and run multiple machines.
Counterpoint: Desktop-sized and used milling/CNC machines 
are available at prices comparable to professional 3D printers.
Graves: Whether you are looking for an entry-level device 
for students, a prosumer level device for serious hobbyists 
and makers, or a full-on professional grade tool for pro-
totyping or manufacturing, you can find a wide range 3D 
Printers and CNC machines for almost the exact same 
price. For example, most entry-level 3D printers run be-
tween $500 - $1500 for DIY quality and versatility. The 
same is true for your entry-level benchtop CNC milling 
machines. There are a wider variety of both devices found 
between the $5,000 and $15,000 price range. And, if you are 
looking for more versatility, flexibility, and performance, 
you can start your shopping around the $50,000 mark. With 
material, tooling, and accessories, you are looking at an-
other $10,000 – regardless of whether we are talking about 
a 3D printer or a CNC machine. And, you can easily spend 
in the hundreds of thousands if your requirements are even 
more demanding. DE

The debate continues online, with additional arguments from Todd 
Grimm and Anthony Graves. Join in on the discussion by comment-
ing on the full article at rapidreadytech.com.

INFO ➜ T.A. Grimm & Associates: tagrimm.com

➜ Autodesk’s HSMWorks: hsmworks.com
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The allure of 3D printing is pretty difficult to resist. Once 
commercial 3D printers became available in the mid-
1980s, the technology captured the imagination of many 

product designers. The affordable, consumer-friendly desktop 
printers brought the technology to a broader audience. It even 
popularized the term additive manufacturing (AM), as a way to 
distinguish itself from how machine tools traditionally remove 
materials to produce parts.

While traditional manufacturing, or subtractive manufactur-
ing (SM), is still ideal for high-volume production of metallic 
parts, 3D printing offers the option to economically and speedily 
produce low-volume mockups with varying flexibility. It was an 
option previously beyond the reach of garage-dwelling tinkerers 
and independent inventors with limited budgets.

 Nevertheless, in the shadow of 3D printing’s meteoric rise, 
SM continues to evolve. Today, with the availability of personal 
milling machines comparably priced to desktop 3D printers, sub-
tractive hardware isn’t ceding its place in prototyping. 

If the aim of your mockup is to study the design’s form, a 
3D-printed part may be adequate. But when it comes to build-
ing mockups with the weight, strength and durability of manu-
factured parts, SM often proves to be a tough competitor, be-
cause milling is still a sensible way to produce metallic parts. 

Then there’s the hybrid method: Some experts propose that 
a mix of affordable AM and SM technologies is the best ap-
proach to personal creativity and prototyping. 

Market Comparison
According to AM industry watcher Wohlers Associates, “the 
market for 3D printing in 2012, consisting of all products and 
services worldwide, grew 28.6% (compounded annual growth 
rate, or CAGR) to $2.204 billion. This is up from $1.714 billion 
in 2011, when it grew 29.4%. Growth was 24.1% in 2010. The 
average annual growth (CAGR) of the industry over the past 25 
years is an impressive 25.4%. The CAGR is 27.4% over the past 
three years (2010–2012).”

 Alan Levine, managing director of Open Mind Technolo-
gies, acknowledges that the advance of AM took away some 
market share from SM. “But subtractive techniques are also 

growing,” he adds. “We don’t see a declining market. Nobody is 
suffering here in subtractive.” 

Open Mind specializes in CAM software, serving the numeri-
cally controlled (NC) manufacturing discipline. Analyst CIMdata 
tracks the NC market using reported end-user payments. “The 
worldwide NC software and related services market grew by 10% 
in calendar year 2011. The estimated end-user payments grew 
from $1.333 billion in 2010 to $1.469 billion in 2011,” CIMdata 
reports. The growth rate, however, dropped in 2012. 

“In our most recent report, we estimated that the NC mar-
ket grew 5.9% last year,” says Stan Przybylinski, CIMdata’s VP 
of research. Neither Wohlers Associates nor CIMdata track the 
subtractive hardware market separately; therefore, it’s difficult 
to compare the sales volumes of personal 3D printers (AM) vs. 
desktop milling machines (SM). 

Cost Comparison
Personal 3D printers targeting the hobbyists, enthusiasts and 
DIY community start around $1,500. 3D Systems’ Cube and 
CubeX, for instance, are listed at $1,299 and $2,499 respectively. 
MakerBot Replicator 2, a desktop 3D printer, is priced $2,199.

 Roland DGA’s iModela, described as “a digital hobby mill,” 
is priced $899. Roland’s portable milling machines and scanners, 
MDX-15 & MDX-20, are priced $3,495 and $4,995 respec-
tively. Tormach’s benchtop PCNC milling machines — target-
ing machinists, engineers, inventors, makers and hobbyists — 
begin around $6,850.

The Purpose of Prototyping
Mcor offers hardware that prints 3D objects using standard 
office paper. Other companies are developing tissue-printing 
machines for biomedical applications. However, these technolo-
gies are not the norm: At the moment, the materials available 
for affordable in-house 3D printing are mostly limited to resin 
or plastic. If the purpose of your mockup is not just to study its 
geometric shape, but also to subject it to real-world testing, a 
3D-printed part may not be sufficient — the prototype doesn’t 
accurately represent the metallic characteristics of the manu-
factured part.

A New Look at 
Subtractive Prototyping
When it comes to functional prototypes, subtractive manufacturing still 
offers some advantages not et available in 3D printing.
By Kenne Th W ong

Part 1
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“Subtractive is particularly attractive when structural tests 
on actual materials are necessary, and you are testing fit and 
finish,” notes Rachel Hammer, product manager for Roland. 
“Also, high-quality surface finishes and prototyping on metals 
can only be achieved with subtractive technologies or very ex-
pensive high-end additive machines.”

 Andy Grevstad, an applications engineer for Tormach, 
agrees: “When you talk about real-world materials — metals, 
composites, medical plastics, even engineering ceramics — sub-
tractive is often still the only way to make those parts.”

For example, in medical device applications, a functional pro-
totype is necessary to assess material strength, environmental 
reactivity or surface properties. When material properties are of 
primary importance to the design, the prototype must be made 
out of the same material as the final design, Grevstad points out.

 Nishant Saini, the director of product sales and marketing 
at CAM software developer Geometric, uses a metal spring as 
an example. “If you have a prototype and you need to put it 
through 20,000 stress cycles,” he says, referring to a common 
practice to predict a product’s lifespan, “if you do it on a 3D-
printed part, it may provide you with inaccurate results.”

Grevstad says that many people still only think of SM as a 
way to make machined parts, “but really, if you have a CNC ma-
chine, you can do so much more. For example: mill prototype 
circuit boards; build tooling for stamping, vacuum forming, or 
composite layup; make plastic injection molds or blow molds; 
and also create specialized jigs and test fixtures.”

The Role of CAM Software
Generally speaking, 3D printers can produce tangible parts 
from STL files, a format exportable from almost all professional 
3D modeling software programs. With SM, the CAD model 
must go through CAM software to generate the machine code.

 “CAM software plays an important role in how quickly and 
easily you can produce your prototype,” Hammer says. “Ro-
land’s SRP Player CAM software, for example, uses a five-step 
wizard-based system so users can create parts with minimal 
training and without prior knowledge of NC code.”

 Anthony Graves, Autodesk product manager for 
HSMWorks, concedes that CAM software is an added step in 
SM. His message to prospective SM technology consumers sit-
ting on the fence: “Don’t be intimidated by CAM software, by 
the machines, by the moving parts. The software today is so easy 
to use. The tools you use inside your CAD program require a 
much steeper learning curve than those in CAM software.”

 Graves joined Autodesk after the company acquired his 
previous employer, HSMWorks, a leading CAM software de-
veloper. In July, nearly eight months after the acquisition, Au-
todesk released HSMWorks Express for Autodesk Inventor, a 
free CAM plug-in for Autodesk Inventor CAD software users. 
The company plans to continue developing and supporting its 
pre-existing product HSMWorks Xpress for SolidWorks, de-
spite fierce competition between Inventor and SolidWorks.

Using Open Mind’s HyperMill software to simulate 
the milling sequence of an egg holder (A, B, C); the 
resulting prototypes were milled in the DMU 60 
monoBLOCK milling machine (D).

A

B

D

C
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 “The key is learning the machines,” says Graves. “Once you 
understand the concept of machining — 2.5 axis, 3-axis, and so 
on — then you can easily find CAM software that’s easy to use.” 

Observing the way a milling machine produces a part can 
give you insights into what’s possible and what’s not. For ex-
ample, some geometric features are possible in 3- or 5-axis ma-
chines, but not possible in 2.5-axis machines. Other features 
may require a combination of 2.5- and 3-axis operations. Be-
cause of the way tool tips work around blocks of metal, square 
corners cannot be made; therefore, designs intended to be ma-
chined should include corners with acceptable radii.

 “Not all designers have this [NC manufacturing] back-
ground,” notes Geometric’s Saini. “Today, the process involves 
reviewing the design with the manufacturing team and going 
back and forth.” 

Some CAD software can quickly scan the design’s geometry 
and identify potential manufacturing issues, such as geometric 
features that cannot be machined or molded. Autodesk Inventor 
users can use the Design Checker module (a free technology 
preview, currently available for download at Autodesk Labs) to 
scrutinize the geometry. 

Similarly, SolidWorks CAD software users can accomplish 
this using the DFMXpress module, included with all versions 
of the software. “This tool enables manufacturers involved in 
mill/drill and turning CAM operations to assess their parts 
based on typical manufacturing rules,” explains Eric Leafquist, 
SolidWorks product portfolio manager, Dassault Systèmes. The 
SolidWorks plug-in was developed by Geometric, a partner of 
SolidWorks. Geometric’s own DFMPro CAD plug-in addresses 
similar problems in milling, turning, drilling, injection molding, 
casting and sheet metal fabrication.

 CAM software like HSMWorks, Open Mind’s HyperMill 
and Geometric’s CAMWorks let you simulate the machining se-
quence to produce your design using subtractive hardware. “[Our 
software] can look at complex parts, identify repeating character-
istics, and build processes around these characteristics so they can 
be automatically programmed,” says Open Mind’s Levine.

Tall and Clean or Short and Curvy?
3D printers build geometry by depositing and bonding materials 
one layer at a time; therefore, the height of your design directly 
affects the build time. Simply put, the taller the design, the longer 
it takes to print. That is not the case with milling machines.

 3D printers generally prove to be much more efficient in 
handling organic shapes — forms with complex spline curves. 
However, with 3D printing’s laying approach, extremely thin 
walls tend to collapse, because there’s no good way to build such 
features with sufficient structural strength using layers. Mill-
ing machines can produce thin-walled parts, but they, too, face 
similar challenges with structural integrity if the walls are too 
thin. In machining, deep pockets or inside corners with small 
radii could be difficult (and in some cases, impossible) for the 
end-mill to produce.

“Using the same technology for prototyping allows you to 
simulate tool paths and other aspects of manufacturing,” says 
Roland’s Hammer. “As a result, you can virtually eliminate the 
costly reworks associated with designs that are not optimized 
for manufacturing.”

The Hybrid Approach
HSMWorks’ Graves says he believes the ideal setup is to com-
bine 3D printing and desktop milling. “If users have access to 
both a 3D printer and an NC machine, then they can create 
parts for destructive testing [better suited for parts produced 
with SM],” he adds. “Suddenly, they have eliminated the limita-
tions in each, and it opens up a whole new world of capabilities 
and flexibilities.”

Even though AM and SM technologies appear to be the 
opposite of each other (especially in their namesakes), they 
are more complementary than you think. Like a good pair, 
one is stronger where the other is weak. Together, they form 
a combo that overcomes geometric complexity as well as mate-
rial strength. If you have one without the other, the prototyping 
process is a compromise at best, a handicap at worst. DE

Kenneth Wong is Desktop Engineering’s resident blogger and 
senior editor. Email him at kennethwong@deskeng.com or share your 
thoughts on this article at deskeng.com/facebook.

Roland DGA’s iModela, a hobbyist’s milling machine, is 
available for less than $1,000.

INFO ➜ 3D Systems: 3DSystems.com

➜ CIMdata: CIMdata.com

➜ Dassault Systèmes SolidWorks Corp.: SolidWorks.com

➜ Geometric: CAMWorks.com

➜ HSMWorks: HSMWorks.com

➜ MakerBot: MakerBot.com

➜ Mcor: McorTechnologies.com

➜ Open Mind: OpenMind-Tech.com

➜ Roland: RolandDGA.com/products/milling

➜ Tormach: Tormach.com

➜ Wohlers Associates: WohlersAssociates.com

For more information on this topic, visit deskeng.com.
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Design Optimization Sponsored Report/ Intel® Corporation

Fed up with sluggish response times when loading 
massive 3D CAD files, or perhaps your system slows 
to a crawl when switching between standard office 

applications and heavy-duty design tools?
What’s the antidote to these productivity-sapping perfor-

mance problems? In many cases, the performance issues are 
tied to a decision by IT to pair expensive design software with 
insufficient hardware, simply to take advantage of lower cost. 
Others try to solve the execution issue with a multi-core work-
station, but there are problems with this approach as well. 

The reason is that most engineering applications, from 
SolidWorks to Autodesk Inventor to Revit, are frequency 
bound, meaning their single-threaded architecture predomi-
nantly makes use of a single processing core. Therefore, in-
stead of throwing more cores at the problem and paying for 
technology that won’t be put to good use, what’s really needed 
is a workstation platform that supports fewer cores, but higher 
frequencies. Yet despite some architectural improvements, 
processor frequencies have remained virtually stagnant for the 
last few years resulting in what many industry players call the 
frequency plateau.

BOXX Technologies, which specializes in workstations that 
are purpose built and performance driven, is taking a unique 
approach to solving these performance constraints and break-
ing free of the frequency plateau. As an expert in overclocking 
technology, BOXX offers a series of overclocked XTREME 
workstations with a variety of core options tailored to different 
types of workflows, from the four-core 4150 XTREME to the 
16-core 8980 XTREME, designed for simulation, rendering, 
and other 3D applications. Each of the systems leverage over-
clocking technologies to achieve faster speeds over the base 
frequency of 3.7 GHz, ultimately translating into optimized 
engineering workflows, greater efficiencies, higher productiv-
ity, and a better overall user experience.

The BOXX Advantage
BOXX has shipped workstations with its unique overclocking 
technology since 2008. It has thousands of systems deployed in 
the field. The company works closely with Intel to stay within 
the parameters of safe overclocking, allowing it to deliver in-
creased performance without applying significantly larger in-
creases in voltage and with no effect on processor failure rates, 

company officials say.
BOXX’s latest offering for such extreme processing is the 

3DBOXX 4150 XTREME, a new compact, professional work-
station featuring the latest in Intel processor technology—an 
overclocked fourth-generation Intel Core i7 processor, known 
as Haswell. BOXX is the only manufacturer featuring a safely 
overclocked version of the new Intel micro architecture, and 
it backs up the system with a three-year warranty.

Adding an overclocked fourth-generation Haswell Core 
i7 processor to the mix enables the 3DBOXX 4150 XT to 
run at 4.3 GHz, outperforming previous models. In addition 
to its emphasis on performance, the system, priced starting 
at $2,800, also features advanced liquid cooling and a new 
compact chassis, ensuring quiet operation and making it an 
ideal fit for space-constrained environments.

Rounding out the 4150 XTREME’s high-end capabilities 
are solid state drives and a gold level power supply along with 
the ability to integrate NVIDIA’s Maximus technology , which 
combines the visualization and interactive design capability of 
NVIDIA’s Quadro GPUs with the high-performance comput-
ing power of the NVIDIA Tesla GPUs. 

So if performance is the primary bottleneck to efficient 
design at your organization, it’s time to rethink your worksta-
tion strategy and shift the emphasis from multi-core systems 
to higher frequency processing. Rather than allocating bud-
get to multi-core systems that won’t be utilized, spend your 
dollars wisely on an overclocked workstation that can fully 
optimize the engineering workflow.

You can find out more about BOXX Technologies 
3DBOXX 4150 XTREME and its overclocking technologies 
at the website below. DE

/ Intel® Corporation/ Intel® Corporation/ Intel® 

Overclocking Breaks 
the Frequency Plateau
3DBOXX 4150 XTREME features overclocked Haswell. 

INFO ➜ BOXX Technologies: 
boxxtech.com/Products/3dboxx-4150-xtreme

For sales inquiries phone: 
• 877-877-2699 (U.S.A.)
• 512-835-0400 (W.W.) 

or email: SALES@BOXXTECH.COM

“Intel and the Intel logo are trademarks of Intel Corporation 
in the U.S. and/or other countries.”

For sales inquiries call:
Phone: 877-877-2699 
(U.S.A)
Phone:512-835-0400 (WW)
or
email: SALES@BOXX-
TECH.COM
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When new fuel efficiency regulations were finalized 
last year, the clock started ticking for automakers 
and their suppliers to increase fuel economy to the 

equivalent of 54.5 mpg for cars and light-duty trucks. That’s 
nearly double what new cars and trucks get today.

But this is a marathon, not a sprint. The final deadline to 
meet the new standards isn’t until 2025. And the 54.5 mpg tar-
get isn’t what you’ll see in every vehicle you buy in 12 years. 
As its name implies, the Corporate Average Fuel Economy 
(CAFE) is an average of automakers’ fleets of vehicles, and the 
fuel economy is measured in a lab, which always returns more 
efficient results than the real world. On top of that, the targets 
can shift based on automakers’ production tallies to allow them 
to produce the types of vehicles that people want to buy.

Advancing Engineering
Even with those caveats, the new rules are expected to lead to 
significant investments in technology to make vehicles lighter, 
more efficient, and more aerodynamic. 

The National Highway and Traffic Safety Administration 
(NHTSA) and the U.S. Environmental Protection Agency 
(EPA) “expect automakers to use a range of efficient and ad-
vanced technologies to transform the vehicle fleet,” according 

to an NHTSA press release on the regulations.  
“I think that the automakers are very serious about CAFE 

standards,” says Sandeep Sovani, Ph.D., ANSYS’ director for 
Global Automotive Industry. “A significant amount of effort and 
research and development is being placed in fuel economy and 
emission standards — probably the majority of R&D.”

On the other hand, Sovani says, it’s “not a challenge they 
cannot solve. It’s not that they are terribly anxious about it. I 
think the government chose this number and timing, 2025, 
widely because it is a challenge, but not one that cannot be met.”

MSC’s senior manager of simulation services, Derek Barkey, 
agrees with Sovani’s sentiment. Barkey oversees a team of engi-
neers who work with MSC customers to improve those custom-
ers’ products via simulation and optimization.

“In general, automakers are pretty confident they can meet 
the requirements,” Barkey says. “The concern is meeting the 
standards and still have a cost-effective vehicle for customers.”

Take the new BMW i3 as an example. With zero emissions, it 
exceeds emission standards. But with a sticker price of $41,350, it 
doesn’t meet that many consumers’ purchasing standards.

Both Barkey and Sovani present the BMW i3 as an example 
of how designing a fuel-efficient vehicle can effect every part of 
the design — from its carbon-fiber reinforced plastic passenger 
compartment and plastic outer skin to its aluminum drive mod-
ule, which houses all the drive and chassis technology. 

“It’s a very lightweight electric car,” says Barkey. “Having im-
proved aerodynamics and improved materials not only makes 
more fuel efficient, but helps with aesthetics. It also helps improve 
maintenance, since composites are dent- and corrosion-resistant.”

On the flip side, no one expects the auto industry as a whole 
to make drastic design changes to their lineups the way BMW 
has with its i3. Rather, one optimization will likely lead to ad-
vances in other areas of the vehicle. 

“There will be lots of small innovations,” says Barkey. “We 
see a lot of those happening already. Look at Tesla’s aerodynam-
ics, even the way they do the door handle. That’s been helped 
a lot by CAE. Lots of these small, incremental improvements 
will allow automakers to reach the goal for the CAFE standard.”

Opportunity  
is on CAFE’s Menu
Automakers look for technology and expertise to meet the new 
Corporate Average Fuel Economy (CAFE) standards. 
By JAMiE J. Goo Ch

The aerodynamics of a car design. Image courtesy of 
ANSYS Inc. Geometry courtesy of Volvo Cars Corp.
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Sovani says he expects engines to be downsized and turbo-
charged, combustion strategies to be revisited, transmissions to 
be tuned for fuel efficiency, aerodynamics to be improved via 
new materials, and weight to be optimized for every part in the 
vehicle, from seat mounts to structural geometry.

“There will even be cool new inventions, like shutters for the 
front grill that are rotated by motors to adjust the angle, based 
on the amount of airflow needed by the engine,” he predicts. 
“Other technologies will focus on recovering waste heat from 
the exhaust system by using the thermoelectric effect.”

Experts in Demand
While ideas for more fuel-efficient vehicles are a dime a dozen, 
the expertise needed to make them reality is in shorter supply. 
That could spell opportunity for engineering service providers.

“One challenge comes when you start moving away from 
legacy processes and materials,” says Barkey. “Automakers under-
stand well how steel behaves, how to protect it from corrosion, 
what thickness is needed to avoid warranty issues … A lot of that 
is based on rules of thumb and legacy knowledge. When that’s 
not there, they can run into long-term problems for the vehicle.”

Sovani agrees there is a dearth of fuel economy develop-
ment expertise, but he says automakers will try to add to their 
in-house teams before looking for outside help.

“Companies are fighting to gain control of that expertise,” 

he says. “Companies are hiring simulation and development en-
gineers to get the expertise. They’re doing the work in-house as 
much as possible to give them a strategic advantage.”

Barkey says, in his experience, there are two things clients 
need most from software developers and engineering service 
providers right now: an understanding of alternative materials, 
such as composites, and some help managing the large amounts 
of CAE data being produced. 

“When you generate all the simulations needed to evalu-
ate new design concepts, just keeping track of which have been 
evaluated — which are best for one thing or another — is a 
challenge,” he says. “You might lose track of the data and just 
have the model, but not know why it’s better than another.”

Giving Innovation a Push
While it remains to be seen whether the new fuel economy 
standards will “encourage investment in clean, innovative tech-
nologies that will benefit families” like the NHTSA press release 
claims, Barkey does say he expects them to hasten the inevitable.

“Automakers’ interest in improving design has always been 
there,” he says. “It’s why we don’t still put wood in cars as a 
structural material. CAFE is focusing that innovation.” 

In previous decades, he says, innovations focused on safety, 
such as crumple zones and airbags. Those innovations were also 
encouraged by regulations, but likely would have happened any-
way because safety is important to customers, says Barkey. 

“CAFE accelerates the pace and focuses innovation on the 
use of CAE and simulation to aid in the development of cars,” 
he concludes. “It was going to happen anyway because using 
simulation makes sense — it keeps costs down, and ensures ma-
terials are used efficiently.” DE

Jamie Gooch is managing editor of Desktop Engineering. Con-
tact him via de-editors@deskeng.com.

INFO ➜ ANSYS: ANSYS.com

➜ MSC: MSCSoftware.com

➜ NHTSA: NHTSA.gov

For more information on this topic, visit deskeng.com.

Simulation’s Evolution

Sandeep Sovani, Ph.D., ANSYS’ director for 
Global Automotive Industry, says simulation’s 
progress in the auto industry can be tied to 

decades of advancements: 
1970s:  Automakers were just finding out what 

simulation was. 
1980s:  Research and development was 

investigating how well simulation worked. 
1990s:  Automakers began adapting simulation for spe-

cific applications. 
2000s:  Simulation was being integrated into 

 production processes. 
2010s:  Automakers are extending the use of 

simulation into nearly all aspects of production.
“The next decade is going to be about system simu-

lation,” Sovani predicts. “If we look at how simulation is 
used, it’s done separately for aerodynamics, separately 
for engines. The whole vehicle is optimized as a system 
by engineers sharing reports, and then making trad-
eoffs among aerodynamics, combustion, cooling, etc.

 “Eventually,” he adds, “the vehicle will be simulated 
as one entire system where the whole model is con-
structed as designed. That’s what I think will be the sim-
ulation advancement of next decade, including simulat-
ing the software of the vehicle as part of the system.”

The BMW i3 shows how fuel effi ciency can infl uence every 
aspect of an automobile’s design. Image courtesy of BMW.
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I t all begins with a contract, an agreement between the 
client and the contractor that spells out what must re-
main confidential during the project. “Whether we’re 

working with an independent inventor, an automotive 
and aerospace customer, or a military client, we typically 
start with the non-disclosure agreement (NDA),” says 
Tim Smith, vice president of design engineering, Altair 
Product Design Group. 

Dr. Metin Ozen, president of Ozen Engineering, 
concurs: “Ninety percent of the projects start with an 
NDA. The clients don’t show us anything until the NDA 
is signed.”

 On one end of the spectrum are clients who, because 
of compliance rules and market competition, demand 
absolute secrecy about their projects. Aerospace and au-
tomotive titans, military institutions, and government 
entities fall into this category. On the other end are in-
dependent inventors and startups, with a less predictable 
attitude to intellectual property (IP).

Tommy Mueller, who offers 3D CAD modeling, render-
ing and simulation services as co-owner of the firm PDX 

Effects, deals with clients who belong to the latter category. 
He sometimes finds himself educating his clients. 

“I worry about their IP,” he says. “I almost behave like 
a lawyer. I try to urge them not to talk to anybody. I want 
to make sure they’re protected. But some of them don’t 
know better.”

Ozen, who has also dealt with startups, observes, 
“Maybe the social-media type companies are more re-
laxed [about IP], but not so with the companies we’re 
working with. They’re device makers, like biomedical 
equipment makers, implants makers, or semiconductor 
makers.” For Ozen’s startup clients, keeping the design 
under wraps is essential.

 The clients’ insistence on a NDA might be universal, 
but their attitudes toward IP are hardly the same. The 
spectrum requires contractors and clients to negotiate 
the safety measures and implement what suits them best. 
Sometimes a trusted relationship is sufficient. Other 
times encryption technologies, online collaboration 
spaces, and working protocols augment the confidential-
ity. It almost always takes a combination.

Negotiating IP Security     
in the Age 

                       of Contractors
The growing reliance on contractors 
makes IP security a priority — and a 
complex issue.
BY KENNETH WONG

PDX Effects’ Tommy Mueller uses 
GrabCAD Workbench, a cloud-hosted 

secure CAD fi le sharing service, to 
work on projects with his clients. They 

include many independent inventors 
and startups in need of CAD drafting 
and rendering services. Shown here 
is a digital prototype created for his 

client Adaptive Footwear.

in the Age
                       of Contractors

The growing reliance on contractors 
makes IP security a priority — and a 
complex issue.
BY KENNETH WONG
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What to Protect, How to Protect
Mueller, a veteran user of SolidWorks CAD software, 
works with many startups and independent inventors 
who have promising product ideas, but neither the time 
nor the skill to document them in 3D CAD. He relies 
on GrabCAD Workbench, a cloud-hosted collaboration 
space for sharing CAD files. With a mix of social media 
features, the online GrabCAD community also provides 
Mueller with a way to showcase his work and attract new 
assignments.

 “Email attachments of rendered images just don’t 
work,” Mueller adds. “I once traded 75 emails with a cli-
ent to accomplish something.” The secure co-viewing 
function in GrabCAD allows Mueller and his clients to 
review, discuss and revise design ideas online through 
standard browsers.

Ozen keeps his clients’ projects in an internal shared 
drive, cordoned off from the web. “If the customer wants 
a file, we actually write it on a DVD — and most of the 
time, hand-deliver it,” Ozen says. The firm does have an 
FTP site, but on extremely sensitive projects, “we don’t 
even use our own FTP,” Ozen says, noting that the hand-
delivery policy is preferred.

Ozen’s clients usually hire the company to run simu-
lation and finite element analysis (FEA) using ANSYS 
software on design ideas under consideration. 

“The most sensitive documents are the reports,” says 
Ozen. “They contain the actual performance data of the 
machine or the model. They’re usually in PowerPoint, 
Word or PDF. The second most-sensitive are the ANSYS 
result files and the database, because someone who sees 
them sees the real design.”

 Altair’s Smith notes that while some customers de-
mand encryption for any project-related emails sent back 
and forth, “others limit it by saying no product data or 
information must pass through emails.” In many cases, 
Smith says, the email serves as a notice that a confiden-
tial report has been transmitted via a secure server, but 
the report itself is never passed along in the email. Al-
tair’s custom IT infrastructure ensures that a report can-
not be forwarded to someone else by the recipient; all 
intended recipients must be pre-approved so they can 
access the report through the embedded link.

Some of Altair’s military clients conduct an on-site 
security audit to ensure the company complies with its 
contractual security requirements. 

“They might come and say ‘show me the server’ or 
‘show me the list of users who have access to this file,’” 
Smith explains. “Obviously, we have to have IT that sup-
ports this type of tracking.”

When working on projects with some brand-name 
automakers, Altair has direct access to the client’s prod-
uct lifecycle management (PLM) environment. “In those 
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cases, the client would come and inspect our hardware to 
make sure it’s robust enough, and they would prescribe 
the type of firewalls we need to have to connect,” he ex-
plains. “We would test the data transfer, then we would 
get access.”

A Need-to-See Basis
The most protective companies don’t give contractors 
the full design — that is, the detailed assembly in CAD. 
“They cut it up, and give us just the part they want us to 
analyze,” says Ozen. “We get the design of the full device 
only if they want us to analyze the entire device. Like 
the biomedical device we’re working on right now — we 
need to study its torsion, bending and strength, so we do 
need everything.”

 “With highly sensitive military clients, it’s always on 
a need-to-know basis,” says Altair’s Smith. “We always 
tell them, we need to see [the design] in context so we 
understand the application and simulate it properly as 
it’ll work in the field.”

The partial sharing often leads to negotiations be-
tween the client and the contractors, and is also reflected 
in the explicit disclaimers when delivering the analysis 
outcome. “If the rest of the design [withheld by the cli-
ent] has some effects on elasticity, for example, we may 
be ignoring it,” Ozen points out. “So we put that in the 
report, and the client knows the limitation.”

“Invariably they give us as little as possible; invariably 
we point out to them, well, you have NDAs with us, so 
show us a little more,” says Altair’s Smith. “They don’t 

have to show us the rocket engine that’ll take the craft 
from here to Mars. But if we’re going to help them land 
it, we need to see at least the landing mechanism.”

IP Control is Bi-directional
In some transactions, security is a two-way street. 

“We also have intellectual properties we deliver as a 
service provider, the methods and techniques we apply to 
our customer’s problem,” notes Smith. “There’s usually 
some negotiation that goes on with each customer.”

In many projects, Altair Product Design Group is 
hired to provide expertise in topology optimization — 
identifying the best geometric shape that satisfies the 
client’s requirements. Whether the project involves de-
signing bridge trusses or airplane wing spans, Altair can 
deploy its OptiSruct software to explore a range of de-
signs possible and pinpoint the best options. Impressed 
by the result demonstrated by Altair, the client in one 
such project considered applying for a patent on the re-
sulting shape.

“We had to explain to them that they can’t patent that 
form because it’s not theirs. It’s intellectual property we 
brought to that project,” Smith recalls, noting that a cli-
ent having a patent on the optimal shape “would have 
precluded us from offering the same solution in other 
projects.”

New Commerce, Evolving Security Protocols
In dealing with automotive clients, Altair also uses Tru-
biquity, a subscription-based encrypted file-transfer 

With its OptiStruct software, Altair Product Design group refi ned the cap design of Lynx 
brand deodorant (a Unilever product; the brand is known as Axe in the U.S.). While this 
project may not be top secret, the fi rm routinely uses OptiStruct with aerospace and 
automotive customers who demand strict confi dentiality in consulting projects.
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service. With one client, Smith says, Altair successfully 
worked on a remote CAD software program through 
a VPN connection — something unthinkable just five 
years ago because of bandwidth limitations. 

“My design engineers could actually remote-control 
the CAD application on [the client’s] desk,” Smith says. 
“Frankly, I was amazed at how responsive it was.”

 This new model — the use of cloud-hosted CAD 
software — is being explored by software developers like 
Autodesk and its rivals. The shift to such a working mode 
is currently not commonplace, but could be in the future. 
If so, IP checks governing the client-contractor relation-
ships must also evolve to keep up.

 If Altair Product Design Group and Ozen Engineer-
ing represent the face of classic engineering consulting, 
Mueller’s PDX Effects must be the face of an emerging 
trend: the rise of affordable drafting, rendering and mod-
eling service providers who cater to small, independent 
inventors.  To these clients, freelance CAD and render-
ing experts like Mueller are the extended project team. 
They belong to the do-it-yourself (DIY) movement, fu-
eled by personal creativity and small-scale manufactur-
ing, producing everything from batteries with moving 
parts to gigantic mechanical spiders.

“We’re driving the future economy, the next manufac-
turing movement,” Mueller says. “Today, it only takes a 
group of people, not a large team, to get these ideas across.” 

The advantage of a smaller team, he concludes, even 
if it’s kept small not by choice but by budget and opera-
tional constraints, is fewer possibilities for IP leak. DE

Kenneth Wong is Desktop Engineering’s resident blog-
ger and senior editor. Email him at kennethwong@deskeng.
com or share your thoughts on this article at deskeng.com/
facebook.

INFO ➜ Altair Product Design Group: AltairPD.com

➜ ANSYS: ANSYS.com

➜ Autodesk: Autodesk.com

➜ Dassault Systèmes SolidWorks Corp.: Solidworks.com

➜ GrabCAD: GrabCAD.com

➜ Ozen Engineering: OzenInc.com

➜ PDX Effects: PDXEffects.com

➜ Trubiquity: Trubiquity.com

For more information on this topic, visit deskeng.com.
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(Fused Deposition Modeling�) technology, it’s the 3D printing 
technology you can trust to empower your design creativity.

Whether you’re testing for form, fit or function, Mojo works 
easily with your CAD software –bringing your ideas to life 
with just the push of a button. It’s as simple to use as 
an inkjet printer, yet powerful enough to meet the 
highest 3D printing standards.

Trust your designs to a world-class, professional 
printer. Discover the magic of Mojo.

ATTENTION Design Engineers and CAD Designers...

WIN THIS!

Stratasys_Sweepstakes_Sprd_Darlene.indd   36 8/15/13   5:01 PM

http://www.deskeng.com/3dprinter


3D Print Pack 
From Stratasys!

Mojo makes 3D Printing as Easy as 1-2-3

Go to: www.deskeng.com/3Dprinter
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3D Print Pack 3D Print Pack 

Mojo makes 3D Printing as Easy as 1-2-3

Create your idea.
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Print your 3D Model.
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About nine years ago, Engineering Technology 
Associates was engaged by the Auto/Steel Part-
nership, a consortium of North American steel 

companies and automotive manufacturers. 
“They were trying to increase the use of advanced 

high-strength steel,” recalls Akbar Farahani, Ph.D., vice 
president of global engineering for the Troy, MI-based 
ETA. “We did several projects for them, doing weight 
reduction using optimization technology and software — 
sometimes reducing the gauge of the product and chang-
ing from mild steel to advanced high-strength steel.” 

This simultaneously improved crashworthiness and 
durability, he says. 

Those projects got Farahani thinking about ways to 
be more efficient on weight and mass reduction, ways 
to organize the whole product development cycle differ-
ently. He says: “I thought, ‘How can we have a holistic 
view of product design and development, from the begin-
ning to the end?’”

The result was an optimization methodology he 

dubbed the Accelerated Concept to Product Process 
(ACP). ACP uses a holistic approach with multiple CAE 
tools to reduce product development time and costs, as 
well as to reduce product mass and improve product per-
formance.

Last Things First
“The normal way to design,” says Farahani, “is that we 
have a structure and we try to fit that structure to our 
requirements. I’m changing the statement of the prob-
lem: What are the requirements — for crash safety, for 
durability, for noise, for vibration, for vehicle ride and 
handling? I want to put that at the front of the process, 
then design the vehicle based on those requirements.”

ACP also brings potential building materials and 
manufacturing requirements into the process at the very 
beginning, when the project is still at the concept stage.

“ACP looks at the concept from its inception,” says 
Farahani, “before you put any type of structure or shape 
to it. Based on your goals and targets, on your materials 

The Future 
         of Steel

FutureSteelVehicle uses design optimization 
methodology, coupled with an expanded 
portfolio of high-strength and advanced 
high-strength steels and an array of steel 
technologies, to achieve a 39% mass 
savings in a battery electric vehicle. 
Images courtesy of Dr. Akbar Farahani, ETA.

The Accelerated Concept to 
Product process is helping to 
optimize vehicle design.
By MArk Cl Ark Son
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and manufacturing requirements, the ACP system creates 
structures that meet your requirements.

“The system will define the best material for the best 
location for the best performance,” he adds, noting that 
material might be steel, aluminum or carbon fiber com-
posites in any combination.

Low-fidelity Design
Using topology optimization, ACP creates a low-fidelity 
design of your structure. “This low-fidelity design has 
the main structures and the materials and the material 
grades,” says Farahani. “It is going to give you the gen-
eral sizes and shapes of the components.” 

It does not include, however, styling considerations or 
design details, such as the radii on access holes. “We turn 
it over to the design engineers to design the way the car 
looks,” Farahani says.

Because that optimization automates so much of the 
low-level design work, ACP requires only about half as 
many design engineers as a traditional design process. 
“But they are always involved in the whole process,” 
Farahani points out. “The ACP process is like a search 
engine. It cannot create; it just finds the best solution 
within the design space provided. The design engineer 
is the one who is creating the design space. We humans 
have to tell the optimization where to go and where not 
to go.”

The final phase — design for manufacturing — uses 

3D optimization for the manufacturing process. The re-
sult of all this optimization is a very efficient structure. 

FutureSteelVehicle
In 2010, ETA was approached by WorldAutoSteel, the 
automotive group of the World Steel Association, about 
development of a concept vehicle, dubbed the Future-
SteelVehicle (FSV). 

“They wanted to do a concept vehicle, using the 2010 
Volkswagen Polo as a baseline,” says Farahani. “They 
said, ‘We want to compete with this vehicle. How can 
we reduce the mass using advanced high-strength steel 
technology?’ WorldAutoSteel provided all the technol-
ogy they had available for this vehicle; we applied ACP.”

Because this was the FutureSteelVehicle, Farahani 
adds, the materials under consideration were mainly 
various grades of steel — especially advanced, high-
strength steels.

Reducing the Gauge
“Putting the right material, with the right strength, 
in the right location, is the key,” says Farahani. “Ad-
vanced high-strength steel costs more and may be dif-
ficult to manufacture, but the FSV uses this advanced 
high-strength steel in locations where we need a lot of 
strength for, say, crashworthiness.”

The standard way to increase the strength of steel 
parts, says Farahani, is through use of higher gauges 

This image shows FSV styling, 
body structure and powertrain 
layout in a “peel away” format. 

de0913_Focus_Steel_Clarkson.indd   39 8/15/13   5:18 PM

http://www.deskeng.com


40  DESKTOP ENGINEERING   September 2013 /// deskeng.com

Focus on Engineering Services ///   Materials

of steel. This, unfortunately, adds weight. Rather than 
thicker steel, the FSV uses stronger steel. “We find where 
the critical load paths are,” says Farahani, “and then use 
the right strength of steel — as thin as is possible.” 

A normal vehicle design uses plenty of 1 to 2mm 
gauge steel. Where strength is required for crashworthi-
ness, it can be 2.5mm or thicker. 

“The highest gauge of steel that we use in FSV is 
about 0.9mm,” says Farahani. “Usually it is very, very 
thin. We can get all the strength that is required, but 
more efficiently and with less mass.”

Saving Weight and Cost
“We created a vehicle that provided a 39% mass reduc-
tion, compared to the VW Polo baseline vehicle,” says 
Farahani. “We reduced more than 100 kg of the mass of 
this vehicle body structure.”

That’s an impressive reduction in weight, yes, but how 
much does it cost? 

“We did a cost analysis for FSV,” says Farahani. “The 
interesting thing is you spend more money on advanced 
high-strength steel — but because we use a lot less mate-
rial, we basically break even. At the end of the day, there’s 
no cost to it.”

The Future is Now
As its name implies, the FutureSteelVehicle was designed 
for the future. “This vehicle was designed for 2015-
2020,” Farahani says. “Some of the manufacturing tech-
nologies were pushing the envelope, but in the last four 
years that I’ve been involved with the FSV, I’ve seen a 
lot of those technologies in current production vehicles. 
I see Ford and GM using these technologies quite a bit 
in their products.

“They caught up very, very quickly. It surprised us.” DE

Contributing Editor Mark Clarkson is DE’s expert in 
visualization, computer animation, and graphics. His new-
est book is Photoshop Elements by Example. Visit him on the 
web at MarkClarkson.com or send e-mail about this article 
to DE-Editors@deskeng.com.

INFO ➜ Altair Engineering: Altair.com

➜ American Iron & Steel Institute: Steel.org

➜ Auto/Steel Partnership: A-SP.org

➜ Engineering Technology Associates: ETA.com

➜ WorldAutoSteel: WorldAutoSteel.org

For more information on this topic, visit deskeng.com.

FSV uses 97% high-strength and 
advanced high-strength steels, 
of which nearly 50% reach into 
GigaPascal strengths.
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N eedless to say, the steel industry isn’t content to sit by 
and watch new materials erode their market. They are 
working hard to come up with new and better steel all 

the time to fend off the increasing competition from composites 
and aluminum. And for manufacturers like the auto industry, steel 
has the appeal of the familiar.

How Strong is Ultra-Strong?
“The auto industry is really trying to squeeze as much as they 
can out of steel auto bodies,” says Regu Ramoo, vice president 
of engineering at Altair Engineering. “The Acura 2007 MDX, 
for example, has seven different grades of high-strength steel in 
the body.”

And what, exactly, is high-strength steel? You can cat-
egorize steel broadly into three grades: everyday mild steel, 
high-strength steel, and ultra-high-strength steel. These cat-
egories, and the divisions between them, are somewhat arbi-
trary: Definitions change over time, and may vary depending 
on your source.

“Traditionally, anything that is not mild steel was referred to 
as high-strength steel or HSLA,” says Ramoo, referring to the 
acronym for high-strength low-alloy. “So, by American Iron & 
Steel Institute standards, anything above 275 MPa yield strength 
is HSLA.” (MPa = megapascals, or newtons per millimeter 
squared). 

It used to be that the top end for high-strength steel had a 
yield strength of around 550 MPa, about twice that of commod-
ity mild steel, Ramoo adds. Anything above that was considered 
ultra-high-strength, exotic or special-purpose. These days, with 
the top end in the vicinity of 1,700 MPa, definitions have shifted.

“Most automotive engineers today would consider high-
strength or advanced high-strength to start at about 350 MPa,” 
says Ramoo. “We would designate steels above 950 MPa as 
ultra-high.”

Not surprisingly, high-strength and ultra-high-strength steels 
cost considerably more than mild steel. They are also more dif-
ficult to stamp and form. 

As steel gets stronger, it becomes less malleable, says Ramoo: 
“The allowable elongation — the allowable strain-to-failure — is 
less. Your typical steel can go up to about 50% strain-to-failure. 
In really high-strength steel, you’re talking about maybe less than 
10% strain-to-failure.”

Forming and Joining
Ultra-high-strength steel is still formable, just less so. It may 
require special processes such as hot forming, which can add 
to the complexity and cost. 

But when it comes to formability, Ramoo says, you just 
can’t beat steel. “There are very few parts you cannot make 
out of steel, and the cycle time to stamp out steel parts is so 
much shorter,” he says. “They have that inherent advantage 
over composites. When you need high volumes, you can’t go 
with composites because the cycle time is so long.”

Those stamped steel parts are not only faster to make, they 
are much more consistent than composite parts. It’s also much 
easier to join steel parts. 

“We understand welding of steel parts far more than we 
understand welding aluminum — and far more than we un-
derstand joining composites,” Ramoo explains. “There are a 
lot of things we just don’t know about aluminum and com-
posites. It might be fine for the first three years, but after five 
years, what’s going to happen to the join? Is it going to creep? 
Are the bolts going to loosen? Will it become brittle?”

Ramoo points out that you can even weld steel of differ-
ent strengths together in a blank to create fancy, tailor-welded 
blanks, to get multiple grades of steel through a single part — 
a sort of steel composite, if you will.

We Love Steel
Let’s face it, steel’s the standard. Consequently, it’s easier to 
work new kinds of steel into the existing manufacturing pro-
cess than totally new materials. 

“Look at the current infrastructure,” says Ramoo. “Ev-
erything in most auto plants is designed for a steel body 
right now.

“The cost penalty for high-strength steel is smaller than 
for aluminum and composites,” he continues, “and there are a 
lot of parts that you can improve by replacing them with the 
new grades of higher-strength steel. There’s a lot of room for 
automakers to lighten the steel body without having to resort 
to aluminum and composites.”

Steel is cheap, it’s recyclable, and we understand how to 
work with it pretty well. While composites certainly have their 
place in today’s auto industry, steel’s not going to be replaced 
anytime soon.

Competing with Composites
The auto industry turns to an old, familiar friend for help in 
optimizing vehicle weight: steel.
BY MARK CLARKSON
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M aplesoft has existed for more 
than two decades as a purveyor 
of mathematical and analytical 

software, notably Maple and MapleSim. 
But the marketplace is changing. 

“We’ve learned over the past five or 
six years that the glory days of a software 
company developing software, and then 
pushing it out to a hungry market are long 
over,” says Paul Goossens, vice president 
for Professional Services at Maplesoft. 
“You have to add other elements to the 
offering. For us, it’s the service element.” 

Maplesoft is a mathematical modeling 
company, so those services are of a mathematical modeling 
nature. And while engineering services is still a small slice of 
business compared to the license sales, it’s helped the company 
to sell and upsell its software products. Originally, that was 
its sole purpose: to support the sale and implementation of 
Maplesoft’s software. Now, the focus has shifted a bit.

“In the last couple of years, we’re starting to get people 
coming to us saying, ‘We have a problem. Can you please help 
us solve it? We don’t care what tool you use.’ We just happen 
to use our tools to do it,” Goossens says.

Battery Expertise
Maplesoft’s engineering services are varied, but the company 
has had a lot of success in electric propulsion engineering, 
particularly in the automotive industry, says Goossens: “We’re 
working on everything from the motors to the e-drives to the 
engines and the batteries.”

Maplesoft’s work on batteries, he says, represents the lead-
ing edge for mathematical models of batteries.  

“We can model the physics behind the charge and dis-
charge characteristics of the battery,” says Goossens, “right 
down to the actual internal physics and the ion transfer from 
one electrode to another. The physics vary from chemistry to 
chemistry, but the underlying mathematics doesn’t change that 
much; it’s just down to different parameter values. 

“We can characterize the different chemistries just by 

changing the parameter values. We can model the battery 
being charged. We can model the battery being discharged,” 
he continues. “We can look at battery degradation over mul-
tiple cycles. That’s just another set of equations that sit on top 
of that core set of equations.”

That’s a pretty sophisticated model, with many, many hours 
invested, however. Most applications won’t require anything 
like that level of detail, he says. 

“The majority of the work that we do, from a mathematical 
modeling or simulation perspective, is not that complex,” says 
Goossens. “It just requires the hands and brains to get it done.”

Why Can’t I Do That Myself?
Maplesoft uses its own tools, primarily MapleSim, to build 
these models. But since you can buy MapleSim for yourself, 
right off the Internet, why not just model your own battery or 
other widget?

 “Maybe the customer comes from a mechanical engi-
neering background,” says Goossens, “and what they want to 
model is on the electrical side. Or they may have a lot of expe-
rience on the empirical side, with testing and hands-on work, 
but not a lot of expertise and knowledge in terms of doing 
mathematical models.”

At Your Service

Maplesoft’s engineering services business is growing by 
leaps and bounds, thanks in part to its electric propulsion 
expertise. Image courtesy of Maplesoft.

Although it’s best known as a maker of mathematical and analytical 
softwa e, an ever-increasing part of Maplesoft s business comes  
from providing engineering services.
BY MArk Cl Ark Son
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The majority of people using MapleSim to simulate batter-
ies, for example, aren’t the battery manufacturers themselves; 
they are the designers and engineers putting together systems 
that happen to require those batteries, he explains. 

“We do a lot of work with consumer electronics,” says Goos-
sens. “The guys who are putting the design together are electri-
cal engineers and electro-mechanical engineers who don’t really 
have in-depth knowledge of battery physics. They just want a 
battery model to implement in their full system model.”

Not Enough Time in the Day
Some of Maplesoft’s customers actually do have the requisite 
expertise to develop their own models, but this expertise is 
currently being deployed somewhere else. “They just don’t 
have the resources or the cycles to do it,” says Goossens. 
“They can bring us in to just do that one project.”

Managers like the fact that they can just “turn on the fund-
ing to do a project, and then turn it off when it’s finished,” he 
adds. “They don’t have to worry about retaining highly quali-
fied staff for that kind of work.”

Sometimes you have the expertise, and still can’t crack the 
problem in time, says Goossens.

“We have customers who say, ‘Look, we gave it our best 
shot, but we need some help to get this model completed by 
a certain deadline.’ We’ll work with them to make sure they 
understand how we’ve developed the model, and hopefully 
they’ll learn something from that.”

Other times, Maplesoft doesn’t have all the expertise that 
is required. 

“We have very close relationships with the engineering 
departments at various universities,” says Goossens. “If it’s a 
particularly thorny problem, if the research hasn’t been done 
on it, or if the information is scant, we would reach out to one 
of our academic partners, introduce them to the customer, and 
start defining a research project to solve that problem.”

Maplesoft is currently gearing up for a project with a well-
known battery manufacturer to study the problem of charge 
leakage during storage. “This is a company that does have this 
kind of expertise,” says Goossens, “but they’ve still not been 
able to find a way to do this. It is going to require a full re-
search project, so we’re bringing in a couple of professors from 
universities to do this work. We’ll engage them in doing full 
research, with our customers partially funding it.”

Every Kind of Client 
Battery models are just a small part of what Maplesoft’s engi-
neering services do. In fact, it’s difficult to categorize its cur-
rent clients. They might be individual engineers, small firms or 
globe-spanning manufacturers, building anything from mining 
equipment to trucks to satellite systems. 

“We’re working with a manufacturer of tattoo machines,” says 
Goossens. “They’re a very small company that has no expertise in 
this area, but needs to get a handle on the internal physics of their 

design so they can improve it. Some of our customers are huge, 
but they’ve never done this kind of work before.”

Goossens says he’s been surprised by how many traditional 
engineering companies have approached Maplesoft that have not 
previously used model-based design tools or virtual prototyping. 

“For them, designing was putting your drawings into CAD, 
putting your production drawings out, building a prototype, 
and then figuring out what the problems were,” he explains. 
“They’re looking at the benefits that people in the aerospace 
and automotive industries have derived from using these 
modeling tools, and they’re now gearing up to use these tools 
themselves. They can’t just keep investing in prototypes and 
then finding out what the problems are.”

A good case in point, he says, is truck manufacturers: 
“They’ve been able to design and build trucks very success-
fully without using model-based design tools. But now, they’re 
being hit up with fuel efficiency regulations, and being pres-
sured to reduce costs. They are now starting to adopt tools like 
ours in a big way.”

Subsystem Interaction
What, exactly, are these tools? “We describe our tools as sys-
tem-level, 1D simulation,” says Goossens. “You’re simulating 
your full design, which can have different domains — elec-
trical, mechanical, thermal, fluid, hydraulic chemistry — and 
you’re trying to put the whole lot together to see how the 
various subsystems interact with one another.”

In other words, you just want to understand whether the 
system you’re designing is going to work.

“Let’s say we put a bigger motor in here. That’s going to 
pull more power from the battery,” Goossens offers as an 
example. “What effect is that going to have on the charge/
discharge cycles for the battery? What effect is that going to 
have on its life? What seems like an innocent change to one 
subsystem can have a significant effect on other subsystems. 
It’s important to be able to get a view of the whole system, so 
you can understand what effect a change is going to have.”

The engineering services segment of Maplesoft’s business 
is growing rapidly, Goossens says.

“It’s actually quite astonishing,” he adds. “We started down 
this route two or three years ago, just to support the sale of 
and implementation of licenses on customer sites. But it’s 
turned into something where people are coming to us to help 
solve their engineering problems.” DE

Contributing Editor Mark Clarkson is DE’s expert in visualiza-
tion, computer animation, and graphics. His newest book is Photo-
shop Elements by Example. Visit him on the web at MarkClarkson.
com or send e-mail about this article to DE-Editors@deskeng.com.

INFO ➜ Maplesoft: Maplesoft.com

For more information on this topic, visit deskeng.com.
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Anaglyph Ltd
anaglyph.co.uk
208-987-6056

ATA Engineering
ata-e.com
858-480-2000

Bholster Technologies
bholstertech.ca
416-909-2027

c D-adapco
cd-adapco.com
631-549-2300

c omputer Technologies c orporation
ctceng.com
860-683-4030

Dassault Systèmes Simulia c orp. 
3ds.com/simulia
401-276-4408

DEM Solutions
dem-solutions.com/
866-234-3336

Electro Standards Laboratories
electrostandards.com/Research-Devel-
opment/
401-943-1164

Eriez Techologies
erieztechnologies.com
814-602-1586

Exa c orporation
exa.com
781-564-0200

Famic Technologies inc.
famictech.com
514-748-8050

FlexSim Software Products, inc.
flexsim.com
801-224-6914

g ray Matter Engineering
graymattereng.com
403-975-3082

iES Ltd
iesve.com/
+44 (0) 141 945 8500 

iMAgin iT Technologies
imaginit.com
508-663-1400

LMS, A Siemens Business
lmsintl.com
248-952-5664

Maplesoft
maplesoft.com
519-747-2373

Mentor g raphics
go.mentor.com/consulting
800-547-3000

MotionPort
MotionPort.com
435-703-9195

Acceleware Ltd.
435 10 Ave. S.E. 
Calgary, Alberta,  Canada T2G 0W3 
 
Phone: 403-249-9099
Fax: 403-249-9881
Email: sales@acceleware.com 
acceleware.com/fdtd-solvers

Design Analysis / Simulation Services
Conceptual Design Services / CAD 
Modeling

Accelerated FDTD electromagnetic 
simulation software. Multi-GPU en-
abled, multiple boundary and material 
types, cluster support and subgridding.

c AE Associates inc.
1579 Straits Turnpike, Suite 2B
Middlebury, CT 06762
Phone: 203-758-2914
Fax: 203-758-2965
Email: info@caeai.com
caeai.com

Design Analysis / Simulation Services
ANSYS Training Services

CAE Associates’ consulting team has 
helped companies succeed with FEA 
& CFD simulation since 1981. We are 
also the leaders in ANSYS training.

Knowvention, LLc
P.O. Box 1072
Mason, OH 45040-1072
Phone: 513-348-0091
Email: info@knowvention.com
knowvention.com

Design Analysis / Simulation  
Services
Product Development, Engineer-
ing, Innovation 

Knowvention® develops knowledge  
to solve your toughest challenges. 
The Right Tools, The Right Hands,The 
Right Answers!
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Directory
NEi Software
nenastran.com
714-899-1220

Preissner Engineering &  
Consulting, LLC
pec-llc.com
734-834-0244

Red Cedar Technology
redcedartech.com
517-664-1137

Speed Consulting
speedconsulting.com
800-256-7140

Structural Mechanics Corp. (SMC)
structuralmechanics.com
310-372-2277

Third Wave Systems
thirdwavesys.com
952-832-5551

XCAE
xcae.com.br
11-3522-6645

DESIGN

Ally PLM Solutions Inc.
allyplm.com
513-984-0480

Applied CAD Solutions, LLC
AppliedCADSolutions.com
978-235-7200

Aras
aras.com
978-691-8900

CAM Logic, Inc.
camlogic.com
248-969-9201

Cambric
cambric.com
801-415-7300

CCE
cceintl.com
248-932-5295

CDS
go-cds.com
408-550-8820

Creative Dezign Concepts
DezignWorks.net
704-660-5100

Design Systems, Inc.
dsidsc.com
248-489-4300

Engineering Design Automation, Inc.
edainc.net
360-398-1319

EPLAN Software & Services
eplanusa.com
248-945-9204

EWI
ewi.org
614-688-5000

O’DONNELL
Consulting Engineers, Inc.

O’Donnell Consulting  
Engineers
2940 South Park Rd.
Bethel Park, PA 15102
Phone: 412-835-5007
Fax: 412-835-5017 
Email: wo@odonnellconsulting.com
odonnellconsulting.com

Design Analysis / Simulation Services
Finite Element Analysis, Stress Analysis, 
Thermal Aanalysis.

Structural design and analysis of 
components, fatigue/ failure analysis, 
vibration analysis, materials/  
metallurgy and troubleshooting.

Tata Technologies
41050 W Eleven Mile Rd.
Novi, MI 48375
Phone: 248-426-1861
Fax: 248-426-8398
Email: autodesk@tatatechnologies.com
tatatechnologies.com/autodesk

Design Analysis / Simulation Services
Autodesk Engineering Design 
Software and Services

Tata Technologies is an Autodesk 
Gold Partner to Manufacturing, 
specialized in Simulation, Consulting, 
Product Lifecycle, ETO, and Training.

Cobham Technical Services - 
Vector Fields Software
1700 N. Farnsworth Ave, Suite 10
Aurora, IL 60505
Phone: 630-851-1734
Fax: 630-851-2106
Email: vectorfieldsinc.info@ 
cobham.com  
operaFEA.com

Conceptual Design Services /  
CAD Modeling
Design Analysis / Simulation Services

Cobham Technical Services - Vector 
Fields Software Opera suite provides 
one of the most innovative FEA  
simulation software products on the 
market. 
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EXc EL g EAr  inc .
excelgear.com
815-623-3414

FiSHEr /Uni TEc H
funtech.com
248-577-5100

Frisella Design
friselladesign.com
727-446-3638

g enus Solutions, inc.
GenusSolutions.com
440-519-2901

Hexagon Metrology
hexagonmetrology.us
855-443-9638

integrityWare, inc. / nPower Software
IntegrityWare.com
858-592-8866

Lagoa
lagoa.com
774-275-0302

LS r esearch
lsr.com
262-375-4400

Magsoft c orporation
magsoft-flux.com
518-877-8390

Prairie Machine & Parts Mfg.
pmparts.com
888-933-4812

Professional Systems Associates, inc.
psasys.com
850-763-2192

r TT USA, inc.
rttusa.com
248-544-4017

SUngr Ac E
SungraceInc.com
734-477-5818

Universal Technical Systems, inc.
uts.com
815-963-2220

iT

ci Ar A Technologies
ciaratech.com
514-798-8880

g reenPages Technology Solutions
greenpages.com
888-687-4876

Predator Software inc.
predator-software.com
503-292-7151

r ave c omputer
rave.com 
800-966-7283

OTHEr

ASc EnT- c enter for Technical Knowledge
ASCENTed.com
866-527-2368

Element Materials Technology
element.com
888-786-7555

c reaform
2915 Ogletown Rd, #341
Newark, DE 19713
Phone: 302-444-6696
Email: info@creaform3d.com
creaform3d.com

Conceptual Design Services /  
CAD Modeling
3D Scanning Services

Creaform develops, manufactures 
and sells 3D technologies and  
specializes in engineering services. 

D&K Engineering
15890 Bernardo Center Dr.
San Diego, CA 92127
Phone: 858-376-2500
Fax: 858-385-0872
Email: dkengrinfo@dkengineering.com
dkengineering.com

Design from Concept to  
Manufacturing
Turnkey Product Development

A global engineering and manufactur-
ing services company specializing in  
developing and manufacturing  
complex electromechanical products.

EASA
1626 38th Ave. N
St Petersburg, FL 33713
Phone: 800-711-5346
Email: info@easasoftware.com
easasoftware.com

Vertical application development

EASA is a codeless application  
authoring tool, enabling deploy-
ment of web apps connected to the 
models which your engineers use 
most often.
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Directory
ExOne
exone.com
724-765-1354

G Systems, L.P.
gsystems.com
972-234-6000

PacifiCAD
pacificad.com
800-722-2621

Sensortechnics, Inc.
sensortechnics.com
508-339-2955

RAPID

3Axis Development, Inc.
3axis.us
561-752-9095

3D Reverse Engineering
3dreveng.com
604-910-0165

Autronic Plastics, Inc.
apisolution.com
516-333-7577

Barry Wehmiller International Resources
bwir.com 
314-862-8000

ExOne
exone.com
724-765-1354

Forecast 3D
forecast3d.com
760-929-9380

OCM Manufacturing
ocmmanufacturing.com
800-268-3961

Polytec, Inc.
polytec.com
949-943-3033

Promo-FX
promo-fx.com
678-469-2385

Quickparts Solutions
quickparts.com
770-901-3200

Rapid Prototype + Manufacturing 
(rp+m)
rpplusm.com
440-930-2015

RedEye
redeyeondemand.com
866-882-6934

SigmaTEK Systems 
sigmanest.com
513-674-0005

Signicast Investment Castings
signicast.com
262-673-2700

Engineering Technology  
Associates, Inc. (ETA)
1133 E Maple Rd., Suite 200
Troy, MI 48083
Phone: 248-729-3010
Fax: 248-729-3020
Email: etainfo@eta.com

Design Analysis / Simulation Services
Product Design & Development.

For over 30 years, ETA has provided 
engineering services with unique ex-
pertise in product development, CAE, 
mass reduction & optimization.  

TotalCAE
1327 Jones Drive
Ann Arbor, MI 48168
Phone: 888-268-3930
Email:  info@totalcae.com
totalcae.com

IT Services
HPC Cluster Management

TotalCAE is an IT department for 
engineers that improves productivity 
with HPC Linux/Win clusters and  
engineering specific IT solutions.

Solid Concepts
28309 Ave. Crocker
Valencia, CA 91355
Phone: 888-311-1017
Email: quotes@solidconcepts.com
solidconcepts.com

Rapid Prototyping / Reverse  
Engineering Services
Custom Manufacturing

Solid Concepts is a one-stop 
source for bringing concepts from 
prototype to production via  
additive manufacturing, machining, 
and tooling.
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Editor’s Note: Tony Abbey teaches the NAFEMS 
FEA live classes in the United States, Europe 
and Asia, and teaches e-learning classes globally. 
Contact tony.abbey@nafems.org for details.

For much of engineering product de-
velopment, it is a CAD-centric world. 
That’s great if you are a CAD driver, 

but spare a thought for the manufacturing 
and analysis side. Getting that CAD model 
into a format that’s ready for delivery to a 
numerically controlled machining program 
or a finite element analysis (FEA) solver can be really tough. 

While technology has evolved tremendously over the past 
40 years (see “A Brief History of CAD-to-FEA Data Trans-
fer” on page 50), there are still trouble spots. This begs the 
question: If the current state of the art is mature enough to 
allow a high level of compatibility between geometry and 
meshing, why can’t we seamlessly integrate CAD with FEA?

I have covered adequacy of CAD geometry for FEA in 
previous DE articles on meshing (January 2013) and idealiza-
tion (April 2013). We can break down four areas that may be 
problematic as follows.

1. Geometry
There are several issues affecting the preparation of an FE 
model that are simply due to the definition of geometry com-
ing from CAD. These are generally well understood, but rep-
resent a burden for the analyst. Small slivers and tolerance 
errors result in cracks or negative volumes in the geometry as 
perceived by the mesher. Unwanted features such as tooling 
holes, and unwanted parts such as handles, sealing rings, etc., 
need to be removed. 

Specialist software provides geometry cleanup and de-
featuring — and the technology is migrating to the general-
purpose preprocessor. However, it is never foolproof and the 
geometry still has to be carefully reviewed.

The job of segregating out unwanted parts can be a major 
task. A piping installation analysis I did several years ago had 
a part count of more than 5,000. There was no way to au-

tomatically identify how each instance of solid geometry 
related to a physical part. It took many man-hours to reas-
semble and idealize in the preprocessor, and reduce to 200 
structural parts.

2. Configuration
The CAD model defines the product in a specific configura-
tion. So, for example, bearings are concentric within hous-
ings. Structural analysis may require the bearing hard up 
against its mating surface under a particular loading. This 
means changing the configuration. Other examples include 
crane arms, suspension fittings, control services, etc. — each 
of which will be drawn at datum positions, but will need ana-
lyzing in operating configurations. It can take trial and error 
to find critical configurations.

3. Robustness
CAD geometry robustness may be poor because of the inter-
dependence of geometric features. For example, removing a 
hole or fillet may invalidate the CAD model. To some extent, 
this can be aided by improving the hierarchy, but that is a 
tough thing to do as a design is evolving. 

One major CAD breakthrough here is synchronous 
technology, whereby a hierarchical interdependence can be 
transformed to a simpler parametric definition. Some pre-
processing technology helps by allowing the import of dumb 
geometry and subsequent intelligent parameterizing. The 
danger here, however, is that design intent may be lost.

Integrate FEA and CAD
There are several obstacles that act as roadblocks to the successful 
integration of fi nite element analysis with CAD. Let’s take a look 
at what they are and how to avoid them.
BY TONY ABBEY

An ideal FEA process and data fl ow.

de0913_CAD_FEA_Abbey.indd   48 8/15/13   5:22 PM

mailto:tony.abbey@nafems.org
http://www.deskeng.com


deskeng.com /// September 2013   DESKTOP ENGINEERING   49

4. Idealization Method
This is probably the biggest roadblock to automated CAD 
and FEA integration. Some structures, described as “potato-
like” in appearance, require minimum de-featuring and allow 
rapid meshing with 3D elements. If the real-world loading 
and constraint conditions can be matched, we have an ad-
equate representation of the structure. 

At the other extreme, thin-shell fabricated structures such 
as aircraft, ships, buildings and pressure vessels may be dif-
ficult to work with. My current FEA project does not use any 
original CAD geometry solids or surfaces, for example. The 
general approach is to clone and adapt surfaces, and slice 
with keyline geometry to suit the 2D element idealization.

Breaking through the Roadblocks
The key to successful integration between CAD and FE in 
these cases is to use “FEA-friendly CAD.” In a manual ap-
proach, the analyst and designer work together to identify 
features and parts to be eliminated and cleaned up in a vari-
ant of the CAD model intended for FEA. The level of ideal-
ization, from minimal in largely solid-type structures to ex-
tensive in fabricated thin-shell structures, is the main driver.

I have seen this implemented very successfully in some com-
panies. But in other companies, cultural, geographical, union or 

other factors prevent the approach — and management misses 
a fundamental opportunity to increase productivity.

The software industry still strives to make integration hap-
pen automatically. Gazing into a crystal ball, I imagine sitting 
down with the designer in front of CAD/FEA-integrated soft-
ware that would allow us to guide the geometry manipulation 
and subsequent meshing. We would agree on the level of ide-
alization and what key geometry should be tagged to represent 
the structure efficiently and accurately. We may end up with 
skeleton geometry that sketches the structural representation. 
Association of materials, properties and loads and boundary 
conditions should be highly interactive. The software would 
then stitch this up and carry out the meshing.

When Do We Do the Data Transfer?
We’re trying to push simulation as high up the design chain 
as possible, so that it can really have an impact on the prod-
uct. Often, FEA occurs after all design is complete and is 
part of the sign-off process. This can cost time and money if 
redesign is needed, and can make FEA appear as a roadblock.

The CAD-to-FEA integration needs to be a lot smarter 
to achieve this. It is not just about file formats and geometry 
transfer. It is about the way people collaborate on creating 

www.cd-adapco.com
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Istarted doing serious finite element 
analysis (FEA) in the mid-1970s. 
CAD had not been thought of yet. I 

remember my skepticism when I was 
first shown remote text terminals linked 
to the mighty IBM mainframe! Drawings 
were produced the old-fashioned way: 
on drawing boards.

Constructing a mesh required over-
laying tracing paper onto the drawing, 
and penciling in nodes and elements. 
This was extremely tedious and error-
prone. Luckily, most structures were 
thin skin components that could use 2D 
element meshing. I built some meshes 
to carry out damage tolerance analysis 
on 3D lugs, which predated the Rubik’s 
Cube in spatial complexity.

Fig. 1 shows the typical workflow from 
that era. The only computer program 
shown is the FE solver. The pre- and 
post-processing required a written text 
input file converted to punch card format 
and fan-fold paper text output. The figure 
indicates knowledge and experience of 
the product, as well as other engineering 
data, such as material properties, load 
cases, fabrication techniques, etc.

When thinking about CAD-to-FEA inte-
gration today, the same importance must 
be placed on this information as well as 

the geometry definition. The end result is 
still familiar today — the required reporting 
level to support sign-off, design review or 
whatever the objective of the analysis is.

The Eighties Revolution
Fig. 2 shows one revolution of the early 
1980s, the digitizing tablet. The drawing 
is pinned to a special board that has 
a mesh of fine resolution wires able to 
detect mouse location. Clicking creates 
nodal points in the preprocessor as a 
starting point for the meshing.

As CAD came on-stream, geometry 
data formats were developed to allow 
file transfer of data between CAD and 
the FEA pre-processor. Typical formats 
were STEP and IGES. Data transfer suc-
cess was hit and miss; it was dependent 
on the compatibility of the geometry 
mathematics and tolerances in the CAD 
and FEA pre-processors.

I first came across solid modeling 
technology in the mid-1980s, with very 
early incarnations of GEOMOD, CATIA 
and the like. Fig. 3 shows a missile-
packaging project we were very proud 
of — the date on the screen is February 
1984! This technology has developed 
tremendously since those early days, 
with corresponding improvement in the 

mathematical sophistication and com-
pleteness of the geometry definition. 
It is now expected that the data inter-
change between a CAD program and an 
FEA preprocessor will be good. The tight-
est linking is between embedded FEA 
solutions within a CAD program.

The State of the Art
Fig. 4 shows a typical setup today. The 
pre- and post-processing are enabled 
with meshing and results visualization 
tools. Many CAE solutions now include 
all three elements within a single, or 
closely linked products. The input text 
file to the solver still remains in the vast 
majority of cases. It is often relegated 
to a background role, but it’s in such 
a definitive and robust format that it 
defies evolution. Conversely, output 
format continues to evolve, driven by the 
data storage and retrieval requirements 
of today’s large models.

Fig. 4 also adds CAD into the 
process, with technically tight data 
exchange with the FEA pre-processor. 
The designer and analyst still both need 
to refer back to the broader range of 
product data, and the knowledge and 
experience surrounding that.

— T.A.

1
2

3 4

A BRIEF HISTORY OF CAD˜TO˜FEA DATA TRANSFER
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an engineering product. It is not even just about the tools, 
such as product lifecycle management (PLM), simulation 
data management (SDM), etc. It is about creating the culture 
that enables and encourages the transfer of maturing design 
intent and structural integrity through the conceptual phase 
to the final product definition.

The diagram on page 48 shows an evolution from today’s 
typical process flow. We want any product knowledge and 
experience to be used early in the design evolution to influ-
ence both CAD and FEA, as shown by the links in the figure. 
On the FEA side, the key is having a modeling paradigm that 
can adapt quickly to changes, and offer as feedback useful 
structural information to the design process. Changes in-
clude configuration, materials and loading environment, and 
are bound to occur as the design matures. 

We have a sequence of FEA tasks now. Each may repre-
sent very different approaches, such as initially a simple 1D 
beam representation maturing through to a full solid model. 
Or each may be modifications to a common model, evolving 
through the design phases. Current collaborative screen-
based tools allow sharing of model descriptions and design 
intent, and this will streamline the process. However, what 
is less clear is how actual geometry data can be meaningfully 
transferred between the CAD and FEA functions.

Closer, But Not There Yet
We have come a long way since the 1970s and ’80s; how-
ever, it is still frustrating that the long-held dream of FEA-
to-CAD integration has not been fulfilled. Some will point 
(quite rightly) to specific, highly successful, integrated pro-
cesses that underpin significant company success. However, 
in my experience, each of these represents a focused invest-
ment in customized solutions. As such, they are a testament 
to the vision and innovation of the engineers and manage-
ment involved.

I think that sums up where we are: You can make CAD-
to-FEA integration work very successfully in your company. 
Having a standardized product line helps. But in general, 
with the current level of technology that is available, you are 
going to need a clear vision, skill and ingenuity to develop 
your process. DE

 Tony Abbey is a consultant analyst with his own company, 
FETraining. He also works as training manager for NA-
FEMS, responsible for developing and implementing train-
ing classes, including a wide range of e-learning classes. Send 
e-mail about this article to DE-Editors@deskeng.com.

When optimiz-
ing crank-
case fatigue 

life and gasket behavior, 
BMW Motoren Gmbh 
needed to resolve the 
problem of noise affect-
ing uncertain variables 
in the design process. 
The engineering team noticed that solutions which performed 
well at concept level did not pass the validation stage due to 
unforeseen factors. 

To tackle this issue the team considered the uncertainty 
related to certain input parameters which could not always be 
precisely determined under real manufacturing and operat-
ing conditions. Moreover, a product designed for a specific 
scenario was not suitable for other environments. Therefore, 
they looked for a way to come up with designs with a lower 
variability of performance. 

The modeFRONTIER platform provided BMW with the 
perfect solution: its robust design and multi-objective optimi-
zation functionalities, together with powerful integration and 
process automation tools, proved the winning combination.

The modeFRONTIER Multi-objective Robust Design Op-
timization (MORDO) tool and modeFRONTIER Response 
Surface Models (RSM) accelerated the analysis of the entire 
design process and investigated the noise factors in the vicinity 
of the best designs.

modeFRONTIER state-of-the-art algorithms addressed the 
multi-objective optimization challenge by allowing one variable 
and three constants to be defined as stochastic. During the op-
timization, the platform automatically created a set of sample 
designs with a user-specified distribution for each stochastic 
variable — centered at the initial value point —  optimizing their 
mean values and minimizing their variations. The effective in-
tegration approach of the modeFRONTIER workflow editor 
helped create an automated pipeline connecting the different 
software packages required to solve the optimization challenge.

By using the RSM approach to run a virtual, robust opti-
mization with thousands of computations and by validating 
the virtual designs, BMW was able to improve the Fatigue 
Safety Factor by 15% — a solution which also constrained 
the variation of the measured output to 
less than 1%. DE
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BMW Robust Design Quest

INFO ➜ ESTECO: esteco.com

Multi-objective optimization with 
modeFRONTIER solves the problem.

The engineering team noticed that solutions which performed 

INFO ➜ FETraining: FETraining.com

➜ NAFEMS: NAFEMS.org/e-learning

For more information on this topic, visit deskeng.com.

...Continued from  page 49
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For more than 80 years, Madison Electric Products ran 
a traditional business, selling commodity electrical 
components and doing very little in the way of new  

product development. In 2010, 
looking to springboard into new 
markets, the company took a risk 
on a non-traditional tactic: lever-
aging a new phenomenon known 
as crowdsourcing to fuel a prod-
uct pipeline built around innova-
tion.

The company established 
the Sparks Innovation Center 
— what it dubs its new product 
incubator — to solicit ideas from working electricians to 
solve the challenges they face regularly on the job. The 
idea for the innovation community came from a chance 

encounter at a trade show, where Madison Electric Prod-
ucts President Brad Wiandt happened upon a product cre-
ated by a licensed electrician who wasn’t fully committed 

to seeing it through manufac-
turing and production. The two 
hammered out a licensing deal, 
and a door opened for Madison 
Electric to formalize an approach 
that would help with the ideation 
of novel products.

“We wanted to transition our 
business to the next level, and we 
needed a reason to get new cus-
tomers to look at us. New products 

was the hook,” Wiandt explains. “Yet we were very lean in 
the area of engineering and product development — and we 
realized there’s a lot of great ideas out there. We just had to 

POWER 
      to the People

Companies are experimenting with crowdsourcing and open innovation 
approaches to accelerate the fl ow of new product ideas — and to get faster 
and be° er answers to tough engineering questions.
BY BETH STACKPOLE

As part of its 3D Printing Production Quest, GE is challenging 
the crowd to create an aircraft engine bracket using additive 
technologies.  Image courtesy of General Electric.

Product development can no 
longer be done in a vacuum 
or in an ivory tower ...

— John Jacobsen, 
Quirky’s head of products 

“
”
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connect to the contractors and users on the jobsites to get to 
those ideas.”

The relatively small Madison Electric is on to a new prod-
uct innovation strategy that is in the experimental phase at 
a growing number of big manufacturers, including General 
Electric, Philips North America, BMW and even the U.S. 
Department of Defense. These traditional players, in the 
company of new upstarts like Quirky and Local Motors, are 
harnessing the collective wisdom of the crowd for everything 
from design ideation to the co-creation of products to get-
ting answers to tough engineering questions. 

While not necessarily new, the practice of crowdsourcing 
is being reinvented thanks to the arrival of new social net-
working, visualization and Web 2.0 technologies. Moreover, 
interest in crowdsourcing is on the rise today, given ongo-
ing competitive pressures and as companies look to be more 
customer-driven while reducing time-to-delivery cycles for 
new products.

“If you can leverage a broader group of experts that are 
not inside your four walls, as well as creativity not bound by 
typical corporate processes, and include users in that pro-
cess, you can drive that customer orientation,” says Karsten 
Newbury, senior vice president and general manager for 
mainstream engineering software at Siemens PLM Software. 

While crowdsourcing as a product development and engi-
neering strategy is still relatively unproven, Newbury says 
it’s turned the corner in terms of being taken more seriously.

“What’s exciting is there are a number of serious players 
looking at this, not just as a fun activity or as a way to get 
a nice product name or conceptual design, but as a real in-
novation tool,” he says. “Nevertheless, it’s still going to take 
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Companies like Peterbilt and BMW are turning to Local 
Motors to leverage its FORGE collaboration platform as 
part of their own crowdsourcing efforts.  Image courtesy 
of Local Motors.
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several years to see how manufacturers should best leverage 
it and make it a core component of their process.”

Testing the Waters
Competitions have become the proving ground for crowd-
sourcing’s potential. Take Philips North America, for ex-
ample. Through its recently announced Innovation Fellows 
competition, the company is tasking innovators to submit 
their ideas for future innovations aimed at improving peo-
ple’s everyday lives, specifically in the areas of living well, 
being healthy and enjoying life. Entrants 
to the contest have a shot at winning 
$100,000 in prize money from Philips 
North America, and the company is also 
encouraging participants to garner more 
financial support for their ideas on Indi-
egogo.com, a global crowdfunding site.

“By focusing the Innovation Fellows 
competition toward the priority areas 
identified through the Philips Meaning-
ful Innovation Index, we can continue to 
pioneer and foster products, services and 
game-changing innovations that will help 
people, communities, healthcare systems, 
governments and future generations ad-
dress the critical issues surrounding how 
we live, how content we are, and our own 
roles in those dimensions of our lives,” 
says Greg Sebasky, chairman of Philips 
North America.

Sebasky  says  the 
crowdsourcing model 
can work at any stage of 
development, but it’s par-
ticularly useful for early 
ideation. “Crowdsourc-
ing is valuable from an 
idea-generating stand-
point, because many peo-
ple are developing ideas 
that personally matter to 
their lives,” he explains. 
“The method encourages 
the generation of new 
ideas to the market, but 
also allows individuals or 
smaller organizations to 
receive the proper fund-

ing and support they need to bring the product to life.”
General Electric (GE) is another industry behemoth ex-

perimenting with several variations on the crowdsourcing 
theme. In addition to its Ecoimagination Challenge to spark 
the best ideas around sustainability in areas like renewables, 
grid efficiency, and eco-friendly homes and buildings, the 
company has partnered with the Massachusetts Institute 
of Technology (MIT) and DARPA (Defense Advanced Re-
search Projects Agency) to help create a crowdsourcing plat-
form. The platform is aimed at enabling a global community 
of experts to rapidly design and manufacture complex sys-
tems such as military vehicles, aviation systems, and advanced 
medical devices — all of which can traditionally take decades 
to develop.

Along with those efforts, GE regularly hosts open engi-

Ianis Vasilatos of Romania took fi rst place and a $2,000 
cash prize in Local Motors’ Cruiser Design Challenge, 
a crowdsourcing effort to create the company’s fi rst 
motorized bicycle. Image courtesy of Local Motors.

Egg Minder is one of several “connected home” products to be released 
as part of the Wink consumer line, which is a crowdsourcing partnership 
between Quirky and General Electric. Image courtesy of Quirky.
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neering quests as part of its investment in advanced manu-
facturing. Most recently, the company launched two global 
additive manufacturing (AM) quests: one that invites partici-
pants to come up with a 3D-prinable design for an aircraft 
engine bracket, and the other to use 3D printing technol-
ogy to produce highly precise and complex parts, potentially 
for medical imaging applications. GE has partnered with 
GrabCAD, an open CAD community, to launch the design 
quest and has taken on NineSigma as a partner on the 3D 
printing production quest.

According to Prabhjot Singh, Ph.D., manager of the Ad-
ditive Manufacturing Lab at GE Global Research, the quests 
help GE stay connected with the latest technologies in the 
field — and are particularly useful for the discovery process. 
With AM, for example, GE is looking for designers who have 
experience and an eye toward designing shapes that weren’t 
possible with traditional manufacturing methods.

“We are looking for people not encumbered by more 
conventional forms of manufacturing,” he explains. “The 
thought process needs to be fresh, and to do so, we need to 
look outside of the company.”

Community-Driven Product Development
In yet another iteration of crowdsourcing, GE has partnered 
with Quirky, a consumer product innovation platform, to de-
velop the Wink: Instantly Connected line of consumer prod-
ucts for the connected home. As part of the arrangement, GE 
is giving the Quirky inventor community access to thousands 
of its U.S. patents to use as a starting point for new designs. 
Among the treasure trove of patents at their disposal: optical 
systems, including holographic and fast-focusing lens tech-
nologies; barriers coatings; and telematics and asset tracking 
capabilities. 

 The Quirky community and innovation platform will 
serve as the genesis for co-creation, and the products se-
lected for commercialization will start to be released later 
this year, says John Jacobsen, Quirky’s head of products. One 
early example of a possible Wink offering is the Egg Minder, 
an egg tray and corresponding app that alerts consumers to 
the number of eggs left in the tray, as well as their remaining 
shelf life. To date, more than 1,000 Quirky community in-
fluencers have participated in some way in the Egg Minder’s 
development, according to Quirky.

“Product development can no longer be done in a vacuum 
or in an ivory tower, and ideas are not necessarily formed 
in the boardroom — they’re formed in the living room or 
on the drive home,” Jacobsen says. “Companies are realiz-
ing they are not structured for it. They’re looking to partner 
with people who are.”

Local Motors, a global community focused on co-created 
vehicle design, is rapidly becoming a go-to crowdsourcing 
partner for entities from the U.S. government to corporate 
giants like BMW and Peterbilt. Its most prominent effort to 
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date is its work with DARPA to enlist the crowd to help 
develop the XC2V Combat Support Vehicle, and its Ve-
hicleFORGE co-creation community is also being tapped 
to develop ideas for the Fast, Adaptable, Next-Generation 
Ground Vehicle (FANG). Local Motors’ co-creation ap-
proach was even cited by President Obama back in 2011 as 
an example of an innovation in manufacturing that could 
help facilitate faster and cheaper product development.

In addition to those high-profile DARPA projects, 
Local Motors uses the crowdsourcing model to gener-
ate ideas such as the development of its Rally Fighter 
vehicle — and more recently, for a motorized bicycle. 
The Local Motors FORGE community is also engaged 
on development projects with Peterbilt, to dream up the 
styling elements for its Road Icon Generation 2 (RIG2), 
for example, and with Domino’s Pizza to create the ulti-
mate delivery vehicle, among other initiatives.

Alex Fiechter, Local Motors FORGE engineering 
community manager, contends that if implemented prop-
erly, a crowdsourcing approach can operate far more ef-
ficiently while generating better ideas than traditional 
development. But he notes that companies pursuing a 
crowdsourcing model do need to get a few things straight. 

The most important thing is to understand the types 
of experts you are trying to attract, and structure the 
community so that it has value and motivates them to 
participate, he says. Companies also need to make all 
the necessary resources available to the crowd — CAD 
models, critical IP, specifications, part models, whatever 
it takes — so they can accomplish the task with which 
they’ve been charged.

“Crowdsourcing can really work at every stage of 
development,” Fiechter maintains. “But companies that 
want to leverage the crowd effectively need to do some 
growing in terms of their mindset, and be willing to give 
the crowd everything they need to get the job done. If 
you can’t come to grips with that, crowdsourcing is a 
non-starter right there.” DE

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

INFO ➜ General Electric: GE.com/about-us/openinnovation

➜ Local Motors: LocalMotors.com

➜ Madison Electric Products: MEProducts.net/sparks

➜ NineSigma: NineSigma.com

➜ Philips North America: Philips.com

➜ Quirky: Quirky.com

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

For more information on this topic, visit deskeng.com.
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The UberCloud CAE Experiment 
is making high-performance com-
puting (HPC) available as a service 

on demand for engineers doing simula-
tion. Participants of the experiment are 
exploring the end-to-end process of using 
remote computing resources in HPC cen-
ters and in the cloud for their CAE. In the 
process, they’re learning how to resolve 
many of the common roadblocks.

There are more than 300,000 small 
and medium-size manufacturing enter-
prises (SMEs) in the U.S. alone — and 
many of them rely on workstations for 
their daily CAE design and development 
work. According to the U.S. Council of 
Competitiveness, more than 50% of 
them need more computing power from 
time to time. Buying an HPC cluster is 
not always an option, and renting com-
puting power from HPC centers or an 
HPC cloud provider still comes with 
several roadblocks, including:
• the complexity of HPC itself;
•  intellectual property and sensitive data 

and privacy concerns;
• massive data transfers;
• inflexible software licenses;
•  performance bottlenecks from virtual-

ized resources;
• user-specific system requirements;
• missing standards; and
•  the lack of interoperability among 

different clouds. 
Last but not least, the currently growing 
numbers of different service offerings in 
the cloud can strain the non-HPC-ex-
pert engineer who is desperately looking 

for the best-suited solutions or services 
matching application requirements. 

On the other hand, if these road-
blocks could be removed, the benefits of 
using remote computing resources be-
come extremely attractive. For example:
• no lengthy procurement and acquisition;
• shifting budget from capex to opex;
•  gaining business flexibility (getting 

additional resources on demand); and
•  scaling remote resource usage auto-

matically up or down according to 
actual needs.

More computing available on demand 
means more geometry variations, more 
physics parameters and more computing 
jobs, in less time — thus increasing prod-
uct quality and decreasing time to market. 

The Purpose of the Experiment
To better understand and overcome the 
roadblocks, the open, voluntary and free 
UberCloud CAE Experiment was started 
in July 2012. The experiment promotes 
the wider adoption of digital manufactur-
ing technology to SMEs. It is an example 
of a grassroots, crowd-sourced effort to 
foster collaboration among engineers, 
HPC experts and service providers to 
address challenges at scale, with the aim 
of exploring the end-to-end process em-
ployed by design engineers to access and 
use remote CAE computing resources in 
HPC centers and in the cloud.

In the intervening year, the Uber-
Cloud HPC Experiment achieved the 
participation of 500 organizations and 
individuals from 48 countries. At press 

time, more than 80 teams have been in-
volved. Each team consists of an industry 
end-user and a software provider (ISV); 
the organizers match them with a well-
suited volunteer resource provider and 
an HPC expert who serves as the team 
leader. Together, the team members work 
on the end-user’s application — defining 
the requirements, implementing the ap-
plication on the remote HPC system, 
running and monitoring the job, getting 
the results back to the end-user, and re-
porting results and key findings about the 
HPC process in a case study.

Detailed results are published after 
each three-month round and are available 
upon registration. Round 3 concluded at 

Paving the Way to Better 
Engineering Simulation
The UberCloud CAE Experiment is exploring 
high-performance computing as a service.
BY DR. WOLFGANG GENTZSCH, DR. DENNIS NAGY AND BURAK YENIER

FIG. 1: Structural analysis model 
using HPC in the cloud.

FIG 2: Flash dryer model viewed with 
ANSYS CFD-Post.
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the end of June 2013, and at press time, 
teams were ramping up Round 4.

As a glimpse into the practical re-
sults so far, below are four of the suc-
cessful teams that participated in 
Round 1 and Round 2, demonstrating 
the wide spectrum of CAE applications.

Heavy-duty Abaqus Structural 
Analysis Using HPC in the Cloud
The applications (see Fig. 1) for this team 
range from solving anchorage tensile 
capacity and steel and wood connector 
load capacity, to special moment frame 
cyclic pushover analysis. The HPC clus-
ter at Simpson Strong-Tie is modest, 
consisting of 32 cores. Therefore, when 
emergencies arise, the need for cloud 
bursting is critical. Also challenging is 
the ability to handle sudden large data 
transfers, as well as the need to perform 
visualization for ensuring that the design 
simulation is proceeding along correct 
lines. The team consisted of engineer 
Frank Ding from Simpson Strong-Tie, 
software provider Matt Dunbar from 
SIMULIA, resource provider Steve 
Hebert from Nimbix, and team expert 
Sharan Kalwani.

Flash Dryer Simulation with Hot Gas 
to Evaporate Water from a Solid
Computational fluid dynamics (CFD) 
multiphase flow models are used to 

simulate a flash dryer using CFD tools 
that are part of an end-user’s exten-
sive CAE portfolio (see Fig. 2). On the 
in-house server, the flow model takes 
about five days for a realistic particle-
loading scenario. ANSYS CFX 14 is 
used as the solver. Simulations for this 
problem are using 1.4 million cells, five 
species and a time step of 1 millisecond 
for a total time of 2 seconds. A cloud so-
lution allowed the end-user to run the 
models faster to increase the turnover 
of sensitivity analyses. It also allowed 
the end-user to focus on engineering 
aspects instead of using valuable time 
on IT and infrastructure problems. The 
team consisted of Dr. Sam Zakrzewski 
from FLSmidth; the software provider 
Dr. Wim Slagter from ANSYS; the 
resource provider Marc Levrier from 
Serviware, a Bull Group company; and 
the HPC expert Ingo Seipp from Sci-
ence + Computing.

Simulation of Spatial Hearing
A sound emitted by an audio device is 
perceived by the user of the device. The 
human perception of sound is, however, a 
personal experience. For example, spatial 
hearing — the capability to distinguish 
the direction of sound — depends on 
the individual shape of the torso, head 
and pinna (the so-called head-related 
transfer function, or HRTF). To produce 
directional sounds via headphones, one 
needs to use HRTF filters that “model” 
sound propagation in the vicinity of the 
ear (see Fig. 3). These filters can be gen-
erated using computer simulations, but 
to date, the computational challenges of 
simulating the HRTFs have been enor-
mous. This project investigated the fast 
generation of HRTFs using simulations 
in the cloud. The simulation method re-
lied on an extremely fast boundary ele-
ment solver. The team consisted of an 
engineering end-user from a manufac-
turer of consumer products, the software 
provider and HPC experts Antti Vanne, 
Kimmo Tuppurainen and Dr. Tomi Hut-
tunen from Kuava Ltd, and the HPC 
experts Drs. Ville Pulkki and Marko Hi-
ipakka from Aalto University in Finland. 

FIG 3: Simulation model (an acoustic 
dummy): Dots indicate all locations of 
monopole sound sources used in the 
simulations. The red dots are sound 
sources used in this image. The fi gure 
in the middle shows the sound pressure 
level (SPL) in the left ear as a function of 
the sound direction and the frequency. 
On the right, the SPL relative to sound 
sources in the far-fi eld is shown.
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Team 58: Simulating Wind Tunnel 
Flow Around Bicycle and Rider 
The CAPRI to OpenFOAM Connec-
tor and the Sabalcore HPC Computing 
Cloud infrastructure were used to analyze 
the airflow around bicycle design itera-
tions from Trek Bicycle. (See Fig 4.). The 
goal was to establish synergy among it-
erative CAD design, CFD analysis and 
HPC Cloud. Automating iterative design 
changes in CAD models coupled with 
CFD enhances the productivity of engi-
neers and enables them to make better de-
cisions. Using the cloud to meet the HPC 
requirements of computationally inten-
sive applications decreases the turnaround 
time of iterative designs, and reduces the 
overall cost of the design. The team con-
sisted of end-user Mio Suzuki from Trek 
Bicycle Corp., software provider and HPC 
expert Mihai Pruna from CADNexus, and 
resource provider Dr. Kevin Van Workum 
from Sabalcore Computing. 

DE readers are invited to join Round 
4 of the UberCloud CAE Experiment by 
registering at CAEExperiment.com. DE

The authors may be reached at firstname.last-
name@hpcexperiment.com. Send e-mail about 
this article to DE-Editors@deskeng.com.

INFO ➜ Aalto University: Aalto.fi/en

➜ CADNexus: CADNexus.com

➜ Dassault Systèmes: 3DS.com

➜ FLSmidth: FLSmidth.com

➜ Intel: Intel.com 

➜ Kuava Ltd: Kuava.fi

➜ Nimbix: Nimbix.net

➜ Sabalcore Computing: Sabalcore.com

➜ Science + Computing: 
Science-Computing.de 

➜ Serviware, a Bull Group company: 
Serviware.fr 

➜ Simpson Strong-Tie: StrongTie.com

➜ Trek Bicycle Corp.: TrekBikes.com

➜ U.S. Council of Competitiveness: 
Compete.org

➜ UberCloud CAE Experiment: 
CAEExperiment.com

FIG 4: Velocity color plot, generated with the CADNexus 
Visualizer Lightweight Postprocessor.

WHY PARTICIPATE IN THE CAE EXPERIMENT?

T he UberCloud CAE Experiment has been designed to discover 
and reduce many of the barriers mentioned in the main article. 
By participating in this experiment and moving engineering 

applications to remote computing resources, engineers can expect 
several benefits, including:
• A vendor-independent matching platform for digital manufacturing.
•  No need to hunt for resources and services in the emerging and 

crowded cloud market.
•  Free, on-demand access to hardware, software and expertise during 

the experiment.
•  Carefully designed end-to-end, step-by-step process to access 

remote resources.
• Learning from the best practices of other participants.
•  Risk-free proof-of-concept: no money involved, no sensitive 

data transferred, no software license concerns, and the option to 
stay anonymous.

•  Leading the way to increasing business agility, competitiveness 
and innovation.

•   Not getting left behind in the emerging world of cloud computing.
The list of benefits for service providers (software, resources and expertise) 
to participate in this experiment includes: 

•  Getting immediate, constructive feedback from the experiment’s 
end-users on how to fine-tune your services.

•  Gaining deeper and practical insight into a new market and 
service-oriented business model.

•  Risk-free, no failure experimenting, allowing you to improve your services 
during the experiment on the fly.

• Getting in touch with potential customers.
•  Gaining public attention by becoming part of widely published 

success stories.
•  Last but not least, all service providers are encouraged to make use 

of the interactive UberCloud Exhibit to present their services to the 
wider CAE community.
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L ess than a year after announcing version 8.6 and a 
month after celebrating its 20th anniversary, Origin-
Lab released version 9 of Origin and OriginPro. One 

question that users of any software with regular upgrades and 
periodic new versions may ask is, what determines the differ-
ence between a minor modification and or a new revision? 
Dr. Easwar Iyer, vice president of technology for OriginLab 
explains his company’s philosophy.

An x.x is considered a minor release. “Although we call it 
minor, there are usually many, many features that we add,” 
he says. The x.0 version is a major release. “A major release is 
something where we feel we have invested quite a bit of time 
and implemented something new that significantly changes 
the product,” he says.

As an example, Iyer cites the Auto Update feature intro-
duced in Origin 8. “If you change the input data, all the output 
will automatically update — allowing you to perform tasks 
more efficiently, and even perform batch processing using 
what we call an Analysis Template,” he says. This makes Origin 
8 markedly different than the previous 7 version. 

Carrying Technology Forward
For Origin software, the capabilities grow with each minor 
and major revision. “We don’t eliminate features. Typically, we 
enhance them or add new ones,” explains Iyer. While this adds 
to the complexity, OriginLab offers many tools in Origin to 
help users understand the capabilities of earlier versions, as 
well as the new features in the latest version. 

“One of the things we do is publish many movies,” Iyer says, 
noting that more than 100 video tutorials are easily accessible 
from a link on OriginLab’s homepage. But users can get up to 
speed or get refresher information directly in Origin, too.

In addition to the helpful learning/teaching tools and the 
built-in explanations, OriginLab provides additional help 
through training courses for Origin 9 that could provide even 
greater use of the newest software.

Compelling Enhancements 
As a major revision, Origin 9 has more than a dozen signifi-
cant enhancements. What sets it apart is mainly enhanced 3D 
graphing. Compared to Origin 8, the ultrafast 3D graphing 
in Origin 9 ranges from 17 to as much as 340 times faster 

in certain tasks. The reason for the improved performance is 
OpenGL (open graphics library), a standard library that many 
other products use.

“All 3D graphs used to be based on Windows drawing core, 
Windows GDI (graphics device interface), and that was rather 
slow and did not have modern options such as lighting effects,” 
says Iyer. “What we did in version 9 is to revamp our 3D to use 
OpenGL. That makes things a whole lot faster.” (See Fig. 1.)

Today, graphics cards come with OpenGL capability and are 
fine-tuned for handling OpenGL graphing. Updating the driver 
allows users to keep up with the latest OpenGL capability. “So it 
really takes advantage of the graphic card’s capability, as well as in 
providing better performance for 3D graphics,” says Iyer.

The 3D parametric function plot is another major new 
graphing feature. “That allows customers to put in an equa-
tion and create complex 3D plots from a function,” says Iyer.  
(See Fig. 2.)

Iyer notes that a significant fraction of OriginLab’s customers 
use 3D, and bringing in large volumes of data and being able to 
make a quick surface plot is important to them. As seen in Fig. 3, 
users can now stack multiple surfaces and quickly view the data 
from many angles, and zoom in and pan in the program.

More Features
There are many other new features in Origin 9 beyond its 3D 
graphing capabilities, of course. The data filter is one exam-
ple. “If you have many columns of engineering data, you can 

With Origin 9, users get faster graphics, simplified implementation and mo e.
By RAnd y FRAnk

Fig . 1: Origin provides example projects with sample 
graphs and analysis. Projects include instructions for 
creating graphs and modifying analysis settings.

Fast 3D Graphing Tops Latest 
Version of Software’s Features
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quickly reduce that data by putting conditions on columns,” 
explains Iyer. (See Fig. 4.)

With Origin 9, users even have a movie creation capabil-
ity to animate their data (see Fig. 5). “That’s pretty significant, 
and it is slowly catching up to customers,” says Iyer. “Say they 
have multi-column data and they want to graph one column 
at a time and keep changing it, so they can see the trend in the 
data, or it can be some 3D surface.

“We recently had an engineering customer that studied 
temperature variations inside a furnace, and they wanted to 
simulate how the temperature changes over time and make a 
movie of it,” he continues. Even with the improved 3D graph-
ing capability, he adds, the 3D capability in animation is much 
better than 3D graphing: “It allows looking at almost real-
time 3D data as a movie.”

A table of key features by version on the company’s website 
shows the numerous changes from Origin 7.5 through Origin 
8.0, 8.1, 8.5, 8.5.1 and 8.6 vs. Origin 9 for the Origin Interface, 
graph types, graph customization, gadgets, importing, export-
ing, data manipulation and more. 

“We really bent over backward to add more features to the 
product,” Iyer says.

Time for a Change?
Origin has historically been viewed as a high reliability graph-
ing product. Starting with version 8, the analysis advanced in 
several areas, including statistics. “We are seeing more and 
more users migrating to Origin to tap into its analysis capa-
bilities,” Iyer observes.

Combined with the superior graphing capabilities of Ori-
gin 9, the analysis could provide the compelling requirement 
threshold for new users. Easily customized workbooks, intro-
duced in Origin 8, allow users a similar feature to Microsoft 
Excel. “But it has much more capabilities in terms of housing 
metadata in the book and being able to manipulate the data, 
analyze the data, graph it and then combine everything to-
gether to make a nice free-flowing document, which can then 
be exported as a PDF or image file,” explains Iyer.

OriginLab’s customer base is rather broad; it distributes 
software products worldwide, with German and Japanese ver-
sions as well as the English version. 

Who is a potential user of Origin? “Typically, any scientist 
or engineer who is frustrated with Excel,” says Iyer. “Anyone 
who is looking for a better graphing capability, a better analy-
sis capability.” DE

Randy Frank is a contributor to DE. Send e-mail about this ar-
ticle to DE-Editors@deskeng.com.

INFO ➜ OriginLab: OriginLab.com 

For more information on this topic, visit deskeng.com.

Fig . 3: Stacked surfaces are easily viewed from many 
perspectives in Origin 9.

Fig . 4: A data filter applied to a collection of automotive 
data allows the selection of a single make without showing 
the other data. Any analysis automatically updates.

Fig . 5: Locating a 3D surface is one of the tricks that 
users can do with the animation capability of Origin 9.

Fig . 2: The OpengL 3D parametric function plot allows the 
generation of complex shapes such as a Klein bottle (left) 
and seashell (right) in Origin 9.0.
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W e’ve never had a chance to test one of BOXX’s mo-
bile workstations. That situation changed with the 
arrival of the GoBOXX G2720.

The company’s desktop workstations all come housed in 
custom-designed aluminum cases. So imagine our surprise 
when we opened the G2720’s shipping carton and discovered 
a mobile workstation nearly identical to the Eurocom Panther 
4.0 we reviewed in June. A quick call to BOXX verified our sus-
picion that both the BOXX and Eurocom mobile workstations 
are built by the same original equipment manufacturer (OEM).

Once we started taking measurements, however, we noted a 
few subtle differences. The GOBOXX 2720 is slightly smaller 
than the Eurocom system, measuring 16.5 x 11.3 x 2.4 in. — 
and at 13 lbs., is a half-pound heavier. The 330-watt power 
supply for the G2720 weighs less (2.75 lbs.) and is a bit smaller, 
although we’d hardly call 7.75 x 3.75 x 1.62 in. small.

BOXX equips the G2720 with a 2-megapixel webcam cen-
tered above the LCD, flanked by a pair of microphones. Three 
speakers are located in the hinge below the LCD, with two 
more in the top corners above the keyboard. Between these 
are a series of touch sensors for adjusting speaker volume and 
toggling the Wi-Fi, Bluetooth and webcam on and off, as well 
as hard drive and keyboard status indicators. These controls, 
as well as the large round power button to the right of the 
keyboard, glow bright blue when active.

Well-appointed Base Configuration
Although built by the same OEM, BOXX Technologies starts 
with a very well-appointed base configuration and offers a 
smaller array of options than Eurocom. All GoBOXX 2720 sys-
tems come with the same 17.3-in. Full HD backlit LED clear 
glare screen and a choice of either an NVIDIA GeForce GTX 
680M or the Quadro K5000M provided in our evaluation unit. 
Systems based on the GeForce start at $3,582, while the base 
price for a G2720 equipped with a Quadro K5000M is $5,289.

The GoBOXX 2720 is based on the Intel X79 chipset. It 
comes standard with the 3.6GHz Intel Core i7-3820 quad-
core processor, although BOXX does offer three higher-priced 
options, including the six-core 3.5GHz Intel Core i7-3970X. 
The i7-3820 in our evaluation unit has a maximum turbo fre-
quency of 3.8GHz and a maximum thermal design power rat-
ing of 130 watts. The system can accommodate up to 32GB 
of DDR3 1600MHz memory. While the base configuration 
comes with 8GB of RAM, our evaluation unit included 16GB 
installed using four 4GB small outline dual in-line memory 
modules (SO-DIMMs), adding $260 to the base price.

A 120GB solid-state drive (SSD) is standard in the base con-
figuration, with larger SSD drives as well as a 750GB SATA 

Top-performing 
Portable
The new BOXX GoBOXX G2720,  
a mobile workstation with a familiar  
lineage, proves to be incredibly fast.
By Davi D Cohn

in Fo  ➜ BoXX Technologies, inc.: BOXXTech.com

BOXX GoBOXX G2720
• Price: $5,985 as tested ($3,582 base price) 
• Size: 16.76 x 11.44 x 2.48 in. (WxDxH) notebook 
• Weight: 13.0 lbs. as tested, plus 2.75-lb. power supply 
• CPU: 3.6GHz Intel Core i7-3820 quad-core with 10MB cachee  
• Memory: 16GB 1600MHz DDR3 SDRAM (32GB max) 
• Graphics: NVIDIA Quadro K5000M with 4GB memory  
• LCD: 17.3-in. diagonal (1920x1080) 
• h ard drives: 240GB SSD SATA, 750GB 7,200 rpm SATA   
•  o ptical: 8X DVD+/-RW dual layer 
•  a udio: line-in, SP/DIF-out, microphone, headphone, built-in  

microphone and speakers
•  network:  Gigabit Ethernet (10/100/1000 NIC); Intel 802.11 

a/b/g/n wireless LAN; optional Bluetooth 4.0 
•  o ther: two USB 2.0, two USB 3.0, one mini IEEE-1394 

(FireWire), eSATA/Powered USB 3.0 combo, 9-in-1 card 
reader, DVI-out, HDMI-out, DisplayPort, 2-megapixel webcam 

•  Keyboard: 102-key keyboard with numeric keypad  
• Pointing device: two-button touchpa
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drive as options. Our evaluation unit came with a 240GB Intel 
520 Series Cherryville SSD SATA drive as the primary storage 
device, plus a 750GB Seagate Momentus XT 7,200 rpm hybrid 
drive for additional data storage.

With the lower power requirements of its Core i7 CPU, we 
had hoped that the 78.44Wh lithium-ion battery in the Go-
BOXX 2720 would last longer than the one in the Eurocom 
system. But the G2720 ran just one minute 
longer, shutting down after 75 minutes in 
our battery rundown test.

The G2720 stayed relatively cool dur-
ing our testing, although the noise from 
its cooling fans was quite pronounced 
— and became louder when running our 
benchmark tests. But the results on those 
benchmarks were very impressive.

New Performance Champ
On the SPECviewperf test, which focuses 
solely on graphics, the GoBOXX 2720 
outperformed every mobile or desktop 
system we’ve ever reviewed, with the ex-
ception of BOXX’s desktop workstations.

For our second benchmark, we re-
cently switched to the new SPECapc 
SolidWorks 2013 benchmark, which per-
forms a lengthy series of tests and yields 
composite scores for graphics and CPU 
performance. The G2720 also outper-
formed the Eurocom Panther on all but 
the CPU tests (thanks to the Panther hav-
ing double the number of CPU cores).

On the AutoCAD rendering test, a 
multi-threaded test in which systems with 
more CPU cores have a clear advantage, 
the GoBOXX 2720 completed the ren-
dering in 79.2 seconds. That’s a bit slower 
than expected, but still respectable.

Of course, all of that power comes with 
a price tag to match. As configured, our 
evaluation unit sells for $5,985. That price 
includes Windows 7 Ultimate Edition 64-
bit, as well as a one-year limited warranty. 
A two-year extended warranty adds $295, 
while a three-year warranty costs $495.

While the GoBOXX 2720 clearly de-
livers performance once only available in 
a desktop workstation, its price and weight 
make it more of a niche solution, aimed at 
high-end users. But if you need desktop 
performance that you can carry with you, 
look no further than the GoBOXX 2720 
from BOXX Technologies. DE

BOXX GOBOXX 
G2720 

(3.6GHz Intel 
Core i7-3820 

quad-core CPU, 
NVIDIA Quadro 

K5000M, 
16GB RAM)

Eurocom 
Panther 4.0 
(3.1GHz Intel 

Xeon E5-2867W 
8-core CPU, 

NVIDIA Quadro 
K5000M,  

16GB RAM)

Lenovo ThinkPad 
W530 

(2.90GHz Intel 
Core i7-3920XM 
quad-core CPU, 
NVIDIA Quadro 

K2000M,  
16GB RAM)

HP EliteBook 
8560w 

(2.30GHz Intel 
Core i7-2820QM 
quad-core CPU, 
NVIDIA Quadro 

2000M,  
16GB RAM)

Price as tested $5,895 $6,800 $2,592 $4,063
Date tested 5/28/13 4/20/13 12/29/12 5/1/12
Operating System Windows 7 Windows 7 Windows 7 Windows 7
SPECviewperf 11 Higher
catia-03 73.23 65.87 34.82 27.49
ensight-04 61.24 61.01 18.40 18.46
lightwave-01 78.03 65.85 62.75 48.21
maya-03 111.58 102.18 62.04 58.12
proe-5 16.06 13.82 15.58 9.77
sw-02 63.26 55.06 39.48 35.85
tcvis-02 60.91 59.28 30.63 23.12
snx-01 63.57 64.62 25.14 19.85
SPECapc Solid-
Works 2013

Higher

Graphics  
Composite

2.72 2.26 2.06 n/a

RealView Graphics 
Composite

2.93 2.42 2.18 n/a

Shadows  
Composite

2.93 2.42 2.18 n/a

Ambient Occlusion 
Composite

6.09 5.14 3.76 n/a

Shaded Mode  
Composite

2.66 2.41 2.13 n/a

Shaded With Edges 
Mode Composite

2.78 2.12 2.00 n/a

RealView Disabled 
Composite

2.02 1.72 1.65 n/a

CPU Composite 3.61 3.72 3.59 n/a
Autodesk Render Lower
Time Seconds 79.20 57.33 62.00 89.83
Battery Test Higher

Hours:min 1:15 1:14 6:09 2:37

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

Mobile
Workstations 
Compared

David Cohn is the technical publishing manager at 4D Technolo-
gies. 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 DE and the author of more than a 
dozen books. Contact him via email at david@dscohn.com or visit 
his website at DSCohn.com.
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The world seems like a smaller place 
than it once was. You can collaborate 
with colleagues on the other side of 

the globe via the Internet, and the tech-
nological tools you use continue to shrink. 
What was once a building-sized supercom-
puter can now sit on your desktop, and the 
large-format printer/scanner that once filled 
a room at a local service center can now 
stand in the corner of any small office.

Those two factors — collaboration and 
smaller form factors — are enabling new 
workflow possibilities for engineers. But as 
fast as technology changes, it can be diffi-
cult for company cultures to catch up. Take 
printing from the cloud, for instance. 

“No question: Cloud-enabled work-
flows are ahead of the curve,” says Bob 
Honn, director of product marketing for 
Canon Solutions America, which recently 
introduced its new Océ PlotWave 340 and 
Océ PlotWave 360 large-format mono-
chrome printing systems that have cloud-
based features. “Users are still catching 
up. It still remains to be seen how much 
they’re going to adapt to it.

“How many people do you see working 
with iPads and other tablets?” Honn asks. 
“Those are the ones catching up with the 
curve. We’ve got the tools, and we’re mak-
ing it accessible and available so we can see 
where it goes.”

Canon is not the only large-format 
printer/scanner company embracing a col-
laboration strategy. Epson released three 
printers in its SureColor T Series late last 

Canon Solutions America’s Océ 
PlotWave 340 and Océ PlotWave 
360 (pictured) large-format 
monochrome printing systems 
feature 10.4-in. multi-touch panels 
that allow users to control the 
printer via tablet-like gestures.

Printers take on 
Collaboration 
Large-format printers and scanners embrace the 
cloud to send prints and scans anywhere.
BY JAMIE J. GOOCH
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year, which are designed to work with leading cloud-
based services. The latest Contex IQ 4400 scanner se-
ries makes use of the company’s PageDrop technology, 
which allows you to scan and send documents via email, 
cloud services like Dropbox and Google Drive, or any 
HP ePrint-enabled printer. Speaking of HP ePrint, this 
summer, the company released its HP Designjet T920 
and T1500 ePrinter series, which are designed to help 
users access, view and print projects from the cloud.

“We have mobile tools to collaborate across the 
globe,” says Alex Monino, strategic marketing manager 
for HP’s Designjet Business, “but printing up until now 
has been local.”

Integrating the cloud into an engineering workflow is 
changing all that. 

“There is still a need for the prints, but the point of 
need has changed,” says Andrew Vecci, director of busi-
ness development at Canon Solutions America. “Instead 
of mailing prints to a site, people are receiving files digi-
tally and need to print them. They’re moving away from 
dedicated print operators, so we need to accommodate 
untrained walk-up users and build printers that are easy 
to operate.”

Mobile Matters
Mobile computing has not only influenced printer manu-
facturers to provide cloud-based printing and apps that 
allow users to control printers and scanners on the go, 
it has also changed the way walk-up users interact with 
their products. Every major printer/scanner manufac-
turer has incorporated some type of touchscreen, because 
non-expert users can walk up to the printer and be guided 
through various functions by on-screen prompts.

For example, Canon’s Océ PlotWave 340 and Océ Plot-
Wave 360 printing systems’ 10.4-in. multi-touch screen 
also provides a means to present a print preview, which 
Vecci notes is handy when you have multiple users sending 

jobs to the printer. It can also be used to navigate through 
an inbox of prints a user sent to the printer and scroll 
through thumbnails to choose a print job. 

The HP Designjet T920 and T1500 ePrinters include 
HP Designjet ePrint and Share, a free Web service that 
allows users to save copies of projects to the cloud when 
printing. Users also can email projects to print by at-
taching a PDF or other print-ready file to an ePrinter’s 

SM
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MultiCAD software to 
increase your productivity!
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Viewers &
Translators

Large-Format Printers at a Glance
Large-Format Printer Speeds) Dimensions (WxDxH) Media Of Note

Canon Solutions America Océ Plot-
Wave 340/360 printing system

Océ PlotWave 340: 
4ppm (D-size/A1); 
Océ PlotWave 360: 
6ppm (D-size/A1)

60.6 × 31.5 × 58.9 in., 
including top delivery tray

1-2 rolls from 11 to 36 in. 
wide

Less than 1 second 
warm-up time

Epson SureColor T-Series 25 seconds per D-sized 
plot in fastest mode

41.3 to 63.3 x 32 x 44.4 
in., depending on model

Cut sheets up to 44 in. wide 
or 1 roll from 24 to 44 in. 
wide, depending on model

Resolution up to 
2880 x 1440 dpi

HP Designjet T920 and T1500 21 seconds per D-sized 
print in fastest mode

55.1 x 36.1 x 43.7 in. 8.3- to 36-in. wide sheets, 
or 1 to 2 rolls from 11 to 
36 in. wide

Integrated output 
stacking tray for 
fl at, collated prints
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dedicated address.
“I keep hearing about our customers using tablets and 

going fully digital,” says Monino. “But when we talk to 
customers, we discover some can do their work digitally, 
but there’s so much pan and zoom it’s not efficient. They 
want the ability to collaborate on paper, and then bring 
that design back into digital world.”

Proper Paper Handling
Today’s large-format printers are small enough to be 
pushed against a wall to save space in any office. They are 
also designed to avoid downtime by making paper han-
dling and refills more efficient.

The HP Designjet T920 and T1500 ePrinters have 
an integrated output stacking tray that is built in on top 
of the device to deliver flat, collated prints. Built for 
against-the-wall operation, the front-roll loading feature 
allows users to load media easily, even while seated, ac-
cording to the company. 

Canon’s new Océ PlotWave systems have an integrated 
top delivery tray that uses Oce’s air delivery system to 
keep documents stacked and collated, according to the 
company. 

Epson’s SureColor T-Series uses a spindle rod that 
makes it easy to slide media rolls into the printer, says Tim 
Check, product manager of Epson America’s Professional 
Imaging Group. The series also has a passive stacking sys-
tem that uses a set of bars inside the print basket. “As it 
continues to print, the paper goes over the top of basket 
and folds over the bars,” Check says. “A guide keeps the 
paper stacked atop each other.”

All of these large-format printer manufacturers are try-
ing to make it easier for small- and mid-sized businesses, 
or even engineering departments within large enterprises, 
to purchase, use and maintain their own large-format 
printer. While engineers continue to evolve into a digital 
workflow, the large-format printer’s place in that workflow 
is not going away.

“Printing digital files at point of need is where it’s 
moving,” says Canon Solutions America’s Honn. “It’s the 
biggest segment of the market, and the one to which we 
continue to sell the largest number of devices.” DE

Jamie J. Gooch is managing editor of DE. Send e-mail 
about this article to DE-Editors@deskeng.com.

INFO ➜ Canon Solutions America’s Océ: OCEusa.com

➜ Contex: contex.com

➜ Epson: Epson.com

➜ HP: HP.com

For more information on this topic, visit deskeng.com.

Océ ColorWave 900 Launching in U.S.

Canon U.S.A., Inc. is launching the Océ ColorWave 
900 printer at the PRINT 13 show in Chicago 
this month. The company says it closes the gap 

between digital inkjet and traditional offset technology. 
It is designed to increase productivity, lower running 
costs and increase flexibility for variable data and short- 
to medium-run length print jobs.

“We see the Océ ColorWave 900 printer as a dis-
ruptive technology because of its ability to provide a 
cost-effective and efficient alternative for producing 
short-run jobs,” said Junichi Yoshitake, senior vice presi-
dent, Business Imaging Solutions Group, Canon U.S.A. 
in a press release. “Using this technology, shorter print 
runs can now be more economical by eliminating plate 
making and make-ready, while still maintaining the high 
image quality that our customers expect.”

According to the company, the Océ ColorWave 900 
printer has a print speed of more than 12,000-sq.-ft. 
per hour. It is capable of resolutions of 1,600 x 1,600 
dpi, and has a maximum media width of 42 in.

HP has introduced two 
web-connected printers, the 
Designjet T920 and T1500 
ePrinter series, which feature 
a new ergonomic design.

de0913_Printers_Gooch.indd   68 8/15/13   5:34 PM

mailto:de-editors@deskeng.com
http://www.oceusa.com
http://www.contex.com
http://www.epson.com
http://www.hp.com
http://www.deskeng.com
http://www.deskeng.com


deskeng.com /// September 2013   DESKTOP ENGINEERING   69

Conference Overview /// Test

NIWeek 
2013 Recap 

Annual graphical system design conference and exposition draws record 
a  ̃ endance, sees introduction of new products.
BY ANTHONY J. LOCKWOOD

L ast month nearly 4,000 engineers, scientists, educa-
tors, students, tech enthusiasts, and media mem-
bers such as myself descended on the Austin Texas 

Convention Center for the 19th annual National Instru-
ments Graphical System Design Conference. I have at-
tended almost every NIWeek since the beginning and, 
as soon as I got there, this one felt big. Turns out I was 
right. NI says it was the largest NIWeek yet. It was a 
whirlwind three days, but here’s a quick recap of some 
of what I saw.

As is its wont, NI announced several new products 
during the conference. Of particular interest to DE read-
ers are the 2013 version of the LabVIEW system design 
software, the new NI cRIO-9068 software-designed con-
troller for embedded control and monitoring, and a new 
8-slot NI CompactDAQ Ethernet chassis designed for 
distributed or remote measurements in extreme environ-
ments. More on these in a minute.

NIWeek offered attendees more than 250 interactive 
technical sessions, case study presentations, industry-fo-
cused technical summits, and panel discussions for begin-
ners and advanced developers. Major topic areas included 
automated test systems, data acquisition, embedded sys-
tems, and software development techniques. In addition 
to its variety of technical sessions, NIWeek attendees had 
the opportunity to see nearly 300 demonstrations on the 
main stage as well as throughout the exhibit hall over the 
course of the three days of public events.

The Fourth Industrial Revolution
Dr. James Truchard, president, CEO, and cofounder of 
National Instruments, delivered the opening keynote ad-
dress for the conference. Dr. T, as they call him at NI, 
spoke of the evolution of instrumentation from vacuum 
tubes to software-enabled instrumentation platforms. He 
believes that we have moved into the Fourth Industrial 

Revolution, and at the hub of this revolution is what he 
calls cyber-physical systems.

“Cyber-physical systems” refers to the convergence 
of the digital and physical worlds where everything is 
linked together, all around us, and operating, say, to keep 
what we perceive as our world up and running. As such, 
cyber-physical systems represent an emerging infrastruc-
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ture in which computation, communications, and control 
function together and with varying degrees of decision-
making autonomy. Smart grids instantly and automati-
cally adjusting for sudden power interruptions or load 
imbalances would be example of a cyber-physical system.

NI sees its LabVIEW software as well positioned to 
provide the software development platform for the inte-
grated networks of sensors, devices, and IT equipment 
that comprise a cyber-physical world.

“We’re seeing the idea of ubiquitous computing and 
real-time systems becoming center stage to the next in-

dustrial revolution,” said Truchard, who added that tech-
nology is also “seeing a transition take place to platform-
based solutions built around software.” 

To that end, NI introduced its new cRIO-9068 software-
designed controller for embedded control and monitoring. 
The cRIO-9068 represents a completely redesigned con-
troller, albeit one that maintains full NI LabVIEW and I/O 
compatibility with NI’s CompactRIO product line. The 
cRIO-9068 embodies this idea of platform-based solution: 
It’s fully software programmable with LabVIEW to per-
form the functions an engineer assigns it.

The cRIO-9068 controller features a Xilinx Zynq-
7020 All Programmable system on a chip (SoC), which 
combines a dual-core ARM Cortex-A9 processor and 
Xilinx 7 Series FPGA (field programmable gate array) 
fabric, on a single chip. The cRIO-9068 controller also 
heralds the arrival of an open platform with its comple-
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NI says that, with LabVIEW 2013, it integrated the latest 
and most innovative technologies while reducing design 
complexity from basic measurements to full test platforms. 

The NI cRIO-9068 software-designed controller offers 
improved hardware performance, programmability 
with LabVIEW, and full backward compatibility with NI 
LabVIEW and I/O compatibility with NI’s CompactRIO 
product line. 
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mentary introduction of the NI Linux Real-Time operat-
ing system.

NI LabVIEW 2013, the newest version of the com-
pany’s system design software for engineers and scientists 
who are building and using basic measurement systems 
on up to full test platforms, has been enhanced with na-
tive support for the newest hardware from vendors like 
ARM and Xilinx, which enables higher-performing sys-
tems. Version 2013 also offers some new, streamlined 
deployment technologies for developers who deliver ap-
plications to users.

One new feature that drew widespread audience ap-
proval during the LabVIEW 2013 rollout demonstra-
tions was a suite of code management, documentation, 
and review tools. Also drawing enthusiastic crowd ap-
proval was the announcement of LabVIEW dashboards 
for remote monitoring and system control anywhere at 
any time through iOS and Android mobile platforms.

“LabVIEW 2013 exemplifies our commitment to en-
suring that engineers and scientists are equipped with 
the latest technologies while simplifying the complexity 
of designing a system that uses these advancements,” said 
Ray Almgren, vice president of marketing at National 
Instruments.

From Data Acquisition to Robotics
On the data acquisition front, the NI cDAQ-9188XT 
made its debut. This 8-slot NI CompactDAQ Ethernet 
chassis is designed for distributed or remote measure-
ments in extreme environments such as those encoun-
tered in the automotive, military and aerospace indus-
tries. This device can survive temperatures from -40 to 
70°C as well as 50g of shock and 5g of vibration. Ad-

ditionally, the unit’s chassis is the first in the NI Com-
pactDAQ platform to offer an onboard watchdog with 
defined safe states to help protect tests and equipment.

Lots more went down at NI Week, including the un-
veiling of the NI roboRIO controller, which all teams 
will use for the 2015 season of the FIRST Robotics 
Competition, and the NI myRIO, an embedded hardware 
device to help students design real, complex engineering 
systems quickly and affordably. In the exhibit hall, there 
was a demo of a robot being worked on by researchers at 
the University of Texas-Arlington that uses facial expres-
sions to help diagnose autism in children. 

Finally, for the first time ever, NI live-streamed the 
morning keynotes to the NI community across the globe, 
so technically there were even more attendees at NI 
Week than reported. DE

Tony Lockwood, is editor at large for Desktop Engineer-
ing. Contact him via de-editors@deskeng.com.

INFO ➜ National Instruments: ni.com

➜ NI Week keynote videos: ni.com/niweek/keynote-videos/

For more information on this topic, visit deskeng.com.

This robot being developed at the University of Texas-
Arlington uses facial expressions to help diagnose 
autism in children. 
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D E Managing Editor Jamie Gooch’s editorial in 
the March issue, “Engineering Help Wanted,” 
prompted me to share how many of the fac-
tors he describes have affected our own service 

business. To give this some context, Maplesoft has been 
developing tools for model-based design (MBD) and 
analysis for 25 years. But it has become increasingly ap-
parent that the glory days of the 1980s and 1990s, when 
an engineering software company could pump out new 
products for consumption by a technology-starved mar-
ket, are long over. Engineers are now drowning in “pro-
ductivity tools.” They are now much more interested in 
a complete solution than “better technology.”

This has led us to provide a service offering as a com-
plement to our tools — training, application develop-
ment, through to development of turnkey solutions. It’s a 
concept that has worked well for us over the last decade.

However, in the last year or so, we have seen an explo-
sion in demand for our services, to the point where our 
technologies are almost secondary to delivering the solu-
tion. Clients have an engineering problem, they need to 
solve it quickly and they really don’t care what technologies 
are used to do it. Many of the driving forces in Jamie’s arti-
cle have contributed to this increased demand; the fact this 
has happened over the last couple of years as the economy 
starts to recover from the “Great Recession” has certainly 
been a major factor. There is now a major skills shortage in 
our business area that is very difficult to reacquire. 

But there are other factors at play to consider. Global 
competitive pressures are forcing many engineering 
companies to re-evaluate their own design practices to 
improve product reliability, speed up time-to-market 
and, of course, reduce costs. They are now learning les-
sons from industries that have managed to achieve this 
— in particular the aerospace and automotive industries 
— which have been the main adopters of many techno-
logically driven design practices such as MBD. The abil-

ity to develop high-fidelity “virtual” prototypes to help 
identify and address design flaws has been a major ac-
celerator within their design processes. Other industries 
are also beginning to incorporate MBD — and tools like 
ours — into their own processes. Of course, it’s one thing 
to have the tools to do this, but it is another to have the 
skill set to implement them. 

Advanced Tools Require Training
The good news for late adopters of any technology is that 
all the mistakes have been made, and most have been fixed. 
This is particularly true for MBD tools, where engineers can 
now access enormous mathematical power through intuitive, 
polished and robust user interfaces. However, even with ad-
vanced tools that ease the process, the development of engi-
neering system models still requires highly skilled people to 
carry it out. Developing that skill set takes training, and con-
centrated, sustained effort on a wide range of applications. 

To use a musical analogy: A guitar, no matter how ex-
pensive, is just a tool. It is relatively easy to learn some 
scales and chords to play it somewhat competently, but it 
takes years of intense practice to play anything like Eric 
“Slowhand” Clapton. 

Because developing simulations of their designs is 
only part of what they do, many engineers struggle to 
find the “practice time” they need to be fully competent. 
Fortunately for them, companies like ours that offer such 
a specialized service are able to develop the virtuoso-
level skills that can only come from constant activity in 
their chosen fields over a wide range of applications.

To touch on another of Jamie’s points, paying for this 
level of skill for the duration of a project, and not when 
it isn’t needed, is very attractive to many engineering 
managers. This is the main reason why clients are engag-
ing us in increasing numbers. Of course, this introduces 
a whole new set of business issues in terms of defining 
projects, and bringing them to a successful conclusion. 
But success of a project, we have learned, is not just about 
satisfying the client: We have to aim for delight. This is 
as much about trust-building and managing expectations 
as developing the Statement of Work. (But that’s a topic 
for another discussion!) DE

Paul Goossens is vice president, applications engineering for Ma-
plesoft. Send e-mail about this article to DE-Editors@deskeng.com.

Slow Hand, On Demand

Many engineers struggle to 
find the “practice time” they
need to be fully competent.
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