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With many new observations 
highlighting the rapidly 
accelerating ice sheet and 
glacial melt (with corresponding 

sea-level rise) the changing environment is 
clearly one of the greatest issues facing us 
today. While the politicians are still trying to 
get a coherent global strategy together, it’s the 
engineering community that will eventually 
have to find the solutions. Not only do we 
have to think differently about how and why 
we develop products, but we need to consider 
their total carbon and energy impact from 
cradle to grave. Or, as one of my favourite 
‘green gurus’, William McDonough, puts it, 
from cradle to cradle (www.mcdonough.com).

There is talk of creating a sustainable 
economy but how can that square with our 
insatiable need for growth, over population 
and using up the world’s finite resources? 

I recently viewed McDonough’s film, ‘The 
next industrial revolution’, and it raised many 
interesting questions. What does good growth 
look like? Can we design with environmental 
intelligence? and What if the human footprint 
on the planet was a positive thing, as opposed 
to a negative? The core of the solution lies 
with creative engineers rethinking design and 

understanding the impact of those design decisions beyond 
the product leaving the factory. One of Donough’s ideas is a for 
a pen with a tree seed in it, so when it runs out of ink, it can be 
inserted into the ground and left to grow - the casing of the pen 
being made of biodegradable fertiliser. I highly recommend 
you track down William McDonough’s TED lectures on cradle 
to cradle design for some inspirational mind food.

Naturally, we have our own green inspiration for you this 
month and our cover story is all about sustainable vehicles. 
RCA student, Hong K Yeo, took a fresh look at car design 
and used Autodesk Alias Design technology to bring to life a 
lightweight modular concept car that goes to the next level in 
terms of its use of recyclable materials. 

Elsewhere in the magazine we evaluate the Autodesk Labs 
Technology Preview of Inventor Fusion, a dynamic modelling 
experiment that also offers a novel interface. There’s also tips 
and tricks, a trip through Inventor 2010’s simulation capabilities, 
rapid prototyping machine and workstation reviews and a 
look at how modern processing technology is being used to 
accelerate computer aided engineering software. Enjoy.

Martyn Day, Editor
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Autodesk has gone live with a brand new 
direct modelling technology preview called 
Inventor Fusion. The technology has been made 
available on Autodesk’s Labs website and is free 
for anyone to try out and provide feed back to 
help with its development. 

Fusion was first shown at Autodesk 
University in December 2008 and still has a 
long way to go before it turns into a shipping 
product of any kind. Unlike Inventor 2010, it 
doesn’t rely on history, and features are still 
very much an intrinsic part of the application. 

However, history recalculation is not required 
when features are edited. This direct modelling 
way of working is designed to make it easier to 
deal with imported, dumb data or when making 
design changes at late stages where model 
history often becomes unwieldy.

Inventor Fusion’s sketching tools are 
simple to use and dynamically add dimensions 
that allow users to eye-in or tap in values to 
lock length and angle. The command set for 
modelling is also simple, revolving around two 
key tools. The Press/Pull command is used in 
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Autodesk previews Inventor Fusion
most instances when modifying and adding 
geometry while the Move command allows 
users to work with existing geometry.

In addition to the modelling functionality, 
the user experience is highly dynamic with less 
reliance on toolbars and menus and much of 
Inventor Fusion is driven from marking menus. 
It’s still incredibly early days for the technology, 
but Al Dean gives his first impressions on 
page 22 and there’s a visual guide to the user 
interface on page 24. 

labs.autodesk.com

Autodesk has integrated the recently acquired 
Algor software into its digital prototyping 
portfolio with the release of the Autodesk 
Algor Simulation 2010 products. The software 
provides a range of mechanical simulation 
tools to help designers and engineers make 
decisions earlier on in the design process.

Algor Simulation includes finite element 
modelling tools and built-in material libraries 
to allow users to study initial design intent and 
simulate the behaviour of a digital prototype. 
Additionally, the software supports direct, 
associative data exchange with most CAD 
software tools, so users can collaborate and 
make iterative design changes without having 

to redefine simulation data. 
There are four Autodesk Algor Simulation 

software offerings. The base product is Algor 
Simulation 2010, which supports design 
validation and optimisation, and is included 

in all four offerings. Algor Simulation CFD 
2010 adds fluid flow analysis, computational 
fluid dynamics and mass transfer analysis. 
Algor Simulation MES 2010 adds nonlinear 
static and dynamic analysis, rigid-body 
motion analysis, and combined stress and 
flexible-body motion analysis. Finally, Algor 
Simulation Professional 2010 includes all of 
the above, plus electrostatic analysis and 
the ability to combine analysis types for full 
multiphysics simulations.

Meanwhile, Autodesk is encouraging users 
to try out Algor Simulation by downloading a 
free version of Algor DesignCheck.

autodesk.com/algorsimulationexpress

Algor Simulation 2010 strengthens digital prototyping portfolio 
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Modern 3D modelling for  
mainstream plant design

Autodesk has 
launched AutoCAD 
Plant 3D 2010, a new 
software product that 
is purpose-built for 
the design, modelling, 
and documentation 

of process plants. Built on the familiar 
AutoCAD platform, the software features 
specification-driven design and standard 
parts catalogues to help streamline the 
placement of piping, equipment, and 
support structures. Also included in the 
product is integrated AutoCAD P&ID 
functionality and quick generation of 
isometric and orthographic drawings.
 www.autodesk.com/autocadplant3d

First Cut to offer prototype 
parts made in aluminium  

First Cut, a service 
from Proto Labs,  
is now offering  
CNC-machined 
prototype parts in 
aluminium, as well 
as in a wide range 

of engineering grade plastics. According 
to the company, CNC parts are superior 
to additive rapid prototyped parts due 
to their greater strength, better surface 
finish and more accurate dimensions. 
 www.firstcut.eu

3ds Max gets connected  
to the world of design
The Connection Extension for Autodesk 
3ds Max 2010 and Autodesk 3ds Max 
Design 2010 is designed to make it easier 
and more cost-effective to turn designs 
into creative advertisements or realistic 
visualisations. This is achieved by creating 
intelligent data workflows between 3ds 
Max and design packages from Autodesk 
and other third parties. 
 www.autodesk.co.uk/3dsmax

Autodesk Labs offers Rhino 
to Inventor interoperability
Autodesk has just released an 
interoperability tool for importing data 
(solids, surfaces, wires and points) from 
McNeel & Associates’ Rhinoceros 3D 
complex shape modelling system into 
Autodesk Inventor for engineering work. 
It’s available for test in the Autodesk Labs, 
so grab a copy. labs.autodesk.com
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Mackevision, together with Autodesk, is to 
create more than 240 virtual models of the 
BMW Group vehicles over the next three 
years. The companies will automate the 
transformation of design data into marketing 
assets and create photorealistic, animated 
models of BMW, MINI and Rolls-Royce cars.

Created using Autodesk Maya and 
Showcase, the photorealistic, animated models 
will precede actual vehicle production, to star 
in TV commercials, brochures and feature on 
the company’s web profile. 

“Using computer software to generate 
advertising visualisations allows automotive 
agencies to market their new vehicles without 
costly physical prototypes. This approach also 
unlocks new creative potential, empowering 
advertisers to create compelling art direction 
that is difficult and very expensive to do 
with traditional photography,” said Karim 
Salabi, Autodesk vice president, Visual 
Communication Group.

www.autodesk.co.uk/showcase
www.mackevision.com

Autodesk to help BMW 
move from CAD to Ad

AMD has launched three new high-end graphics 
technologies, which are likely to appeal to users 
of desktop applications such as 3ds Max or 
powerwall applications such as Showcase.

The new FirePro V8750 graphics card 
boasts 2GB of high bandwidth memory and 
features native multi-card support so users 
can drive four displays using two cards in the 
same workstation. However, the big news for 
this release is this multi-card capability has 
been extended so all the processing power 
can be diverted to a single modelling window. 
The technology that makes this possible is 
called ATI CrossFire Pro and while similar 
‘Crossfire’ technology has been available on 
AMD’s consumer boards for a while, this is 
the first time it has been made available in the 
professional sector. 

Nvidia was first to market some years ago 
with this type of multi-card technology and as 
with its Quadro SLI offering, ATI CrossFire Pro 
is unlikely to bring significant benefits to the 
majority of CAD applications, particularly for 
those where the CPU is the bottleneck, such as 
Inventor. However, AMD claims a significant 
performance boost in certain 3D applications 
including Autodesk Maya.

While speed increases are a given for any 
new professional graphics technology, it’s 
the addition of the new ATI FirePro S400 
Synchronisation Module that takes AMD into 
uncharted territory. This turns the high-end 
ATI FirePro V8750 into a niche solution capable 
of driving powerwalls for design review 
and digital mock-up in applications such as 
Autodesk Showcase. www.ati.amd.com

AMD targets high-end professional graphics

 BMW’s Vision EfficientDynamics is only a concept, but 3D tools will enable new car designs to star in adverts before they are built
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aesthetica interfaces  
to Autodesk Showcase 

Icona Solutions, the 
developer of the 
perceived quality 
simulation and 
visualisation software 
solution, aesthetica, 
has developed a 

direct interface to Autodesk’s Showcase, 
the digital mock-up and visualisation 
software. aesthetica is used by automotive 
industry OEMs and manufacturers of 
consumer electronic devices and domestic 
electrical appliances to help them 
improve perceived quality while reducing 
development time-scales and costs.
 www.iconasolutions.com

Roland DG expands reach 
of subtractive desktop RP

Roland DG has 
added to its lineup 
of desktop milling 
machines with the 
introduction of the 
Modela MDX-40A. 
The MDX-40A is 

based on the company’s Subtractive Rapid 
Prototyping (SRP) technology and includes 
‘advanced features’ and bundled CAM 
software designed to make it more versatile 
and easier to mill cost-effective materials. 
 www.rolanddga.com

Tolerance analysis tool 
certified for Inventor 2010 
Geomate’s ToleranceCalc 6.0 tolerance 
analysis wizard has been integrated within 
Autodesk Inventor 2010 and AutoCAD 
Mechanical and certified by Autodesk. The 
software enables Inventor and AutoCAD 
Mechanical users to perform 1D and 2D 
tolerance analysis of parts and assemblies 
at any stage of the design process. It 
delivers worst-case and Monte Carlo 
statistical analysis results for tolerance 
vector chains that are defined in CAD using 
model and drawing geometry as overlay.
 www.tolerancecalc.com

Northern European  
team launches blog
Autodesk’s Northern European  
Manufacturing technical team has recently 
launched a blog which features all the 
latest news, plus tips on how to get the 
most out of Inventor and other Autodesk 
products. autodeskmfg.blogspot.com
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Autodesk has just made its first commercial 
foray into the lucrative world of Apple iPhone 
applications with the launch of SketchBook 
Mobile. Adapting technology from the 
Windows- and Mac-based SketchBook Pro 
applications, the lightweight software brings 
high-level digital sketching to the iPhone 
mobile platform. 

Featuring a full set of pressure-sensitive 
brushes, colour control, layers and symmetry, 
the app is designed to give creative users the 
tools they most commonly need combined with 
the iPhone’s multi-touch interaction methods 
for painting, panning and zooming. 

While the device’s screen is a scant  
480 x 320 pixels in size, the software provides 
a much bigger canvas to work with. This 

comes in two sizes. The free ‘Express’ version 
offers 600 x 400 pixels, while the Pro version, 
which costs €2.39, boosts this to 1,024 x 
628 pixels. Both versions are available now 
through the iPhone App Store.

tinyurl.com/sketchbookiphone

SketchBook to make  
debut on Apple iPhone

At this year’s Paris Air show Autodesk 
announced that it has reached a 1,000  
customer milestone in the aerospace and 
defense industry. 

Among the many customers highlighted at 
the summer event was Adept Airmotive, a South 
Africa-based manufacturer of general aviation 
engines for the light aircraft market, which relied 
on Inventor to develop a general aviation engine 

with a compact design that offers low vibration 
levels and high structural integrity. 

US-based Gemcor, which designs and sells 
custom machinery and tooling for aircraft parts 
assembly, was also promoted as an Inventor 
customer running dynamic assembly simulation 
to test how machines will fasten together the 
different parts, such as a wing panel or fuselage. 
 www.autodesk.com/aerospace

Reaching for the sky at the Paris Airshow

To a backdrop of persistent rumours linking 
Autodesk product development with Apple OS 
X ports, Autodesk has created a web 
page to guide Mac users in 
how to best-run Autodesk 
applications on Intel-based 
Macintosh computers. 

There are two levels of 
supported software: Mac 
(native) and BootCamp 
compatible. Much of 
Autodesk’s Mac OS X 
compatible software 
has come from its 
acquisitions - Alias Design, 
Maya, SketchBook Pro, 
ImageModeler and Mudbox, 
to name but a few. However, 
Autodesk now offers support to users running 
Inventor, AutoCAD, Autodesk Revit Suite and 

Autodesk launches dedicated Mac website
3ds Max Design on 32-bit Windows under a boot 
utility called BootCamp.

The launch of a dedicated web page is a small 
but important statement by Autodesk. The 

company is serious about Apple 
and looks set to develop more 
native CAD applications for this 
growing platform. Insiders at 
Autodesk have told Experience 
Manufacturing that AutoCAD for  
OS X is actively being considered, 

while Inventor for OS X would be a 
challenge but not impossible. 

The high percentage of 
students at university with Macs 
is being taken as a lead indicator 

that there will be increased popularity of the 
platform in coming years, at the expense of 
Windows-based workstations.

www.autodesk.com/mac

 Image Courtesy of Andrew Meehan, industrial designer
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The Concerto is a multi-award winning sustainable  
modular vehicle concept from RCA student, Hong K Yeo.  
Frances Corbet talked to Yeo about how a mix of Autodesk  
Alias and traditional model making helped realise his vision

The building  
blocks of design

Hong K Yeo

 I began asking why we can’t look at 
a car in different sections according to 
its function? Why can’t an interior be a 
natural environment made from  
natural materials? Why can’t we use 
aluminium for the whole power plant 
or flexible plastic for storage?  
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The building  
blocks of design

 Autodesk Showcase helped Yeo  
visualise what the car would look like in a 
range of different real-life environments 

t the recent Royal College of 
Art’s annual Vehicle Design MA 
degree show, each of the models 

from the fifteen graduating 
students demonstrated a 
unique response to the 

changing landscape of personal transport. One 
concept in particular that stood out was  
Hong K Yeo’s Concerto. Sponsored by 
Autodesk, this modular ‘build-your-own-car’ 
concept offers something quite different from 
the sleek curves and futuristic styling you 
come to expect from most student designers. 

“It was a monumental risk and quite 
controversial because almost everything about 
the project was different from traditional 
projects from car design schools,” explains 
Yeo. “From the materials to the way it is 
manufactured, and even the scale (at 1/6th of 
a real car) was very different. I think everyone 

wanted to see something that broke the 
traditional ‘car design’ language into something 
meaningful and fun.” 

Yeo was born in South Korea and from an 
early age he knew he was meant to be a car 
designer. Having graduated from the vehicle 
design course at the College of Creative Studies 
in Detroit, he went on to work for General 
Motors in 2002. However, after just a year he 
had to return to his home country to fulfil two 
years of military service. But his love for car 
design didn’t wane and having completed his 
duty he applied to London’s prestigious Royal 
College of Art (RCA). 

During his two-year masters course Yeo 
discovered that there was far more to vehicle 
design than merely styling. “One of the first 
things I learned at the RCA was that car design is 
looking beyond the looks of the car and is about 
thinking about the meaning, solving problems, 

and having great passion for what you do,” 
comments Yeo. “Anyone can design a pretty 
car, but it takes a great designer to really design 
something that everyone will remember.”  

Design inspiration
Yeo wanted his final year project to be a 
sustainable design but for him this involves 
far more than just adding new materials or 
technologies into an existing design in order to 
make it sustainable. “It seems every designer 
today is busy trying to discover the next great 
eco-material or the next great technology 
that would be more responsible than what we 
have today, but unless you look at the product 
in its entirety, we will still have the same 
issues, just a little bit greener,” argues Yeo. 
So, he drew inspiration from what he deems 
to be one of the most sustainable designs 
around - the humble Lego brick. Although it 
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may not necessarily be made out of the most 
sustainable material, it has certainly been 
designed to last and it’s not unusual to find 
Lego bricks from the 1960s still fitting together 
perfectly with new pieces. Yeo wondered if a 
car could be constructed in a similar fashion 
with the different panels and components all 
fitting together like Lego. Then, at the end of 
its life, it could be dismantled and recycled. 

Further inspiration came from travelling 
around the streets of London, a city that Yeo 
fell in love with, especially for the way in which 
old and new can live quite happily side by side. 
In fact, the brand new block of flats he lives in 
is connected to a pub that dates back to 1444. 
“I began to understand London and see the city 
in a completely different way. There were layers 
according to function and different elements 
living harmoniously together,” he comments. 
“I began asking why we can’t look at a car in 
different sections according to its function? 
Why can’t an interior be a natural environment 
made from natural materials? Why can’t we use 
aluminium for the whole power plant or flexible 
plastic for storage?” 

His design was also influenced by the 
time he spent at Volkswagen on internship 
during the summer of 2008. Volkswagen had 
subsequently gone on to sponsor Yeo’s studies 

and many of his concepts and theories for his 
Concerto car are a reflection of his time spent 
there. For instance, he wanted the owner to 
form an attachment to their car and feel proud 
of it. His vision was for it to ‘grow’ with them 
meaning they could customise it by adding new 
panels or exchange old panels for newer ones 
depending on their needs at the time. 

“You can start with a short-wheelbase 
two-seater upon graduating from college. 
Once you get married you can start to expand 
your vehicle by adding new pieces. If you get 
divorced you can get rid of pieces, or if you 
need to start delivering pizzas because of the 
divorce, you can add a custom ‘pizza delivery’ 
piece to your car,” says Yeo, smiling.  

Skills to pay the bills 
With the RCA’s computer room running 
Autodesk Alias Automotive (formerly 
AutoStudio) and Showcase, sophisticated 
design tools were at his fingertips. Over 
the years the college has also established a 
good relationship with Majenta Academy, an 
Autodesk authorised training centre, that offers 
students support and hands-on training. “Last 
year they came down to our school to give a 
workshop. I’ve been using Alias for the past 
ten years or so, but I was able to learn so many 

new tools that made my life so much easier, and 
it was an environment where I could ask any 
questions I had,” says Yeo. 

Every year Autodesk also sponsors one 
vehicle design student and having been 
approached by his senior tutor about this, Yeo 
gave a presentation of his project to Autodesk 
and subsequently received the sponsorship. 
“Unlike most sponsorships, the Autodesk 
sponsorship involved much more than just 
supporting my physical prototype. Autodesk 
was able to show me new ways of evaluating 
and presenting my work from their Alias and 
Showcase software though Majenta Academy,” 
he says. As a result, through the use of digital 
technology, Yeo has been able to visualise his 
concept very early on in the design process. 

“I think there is a general misconception 
about 3D tools in the design community today,” 
he comments. “Designers tend to think 3D 
computer tools are a simple replacement for 
clay modelling after the design is finalised, but 
it has so much more potential and advantages 
that aren’t really being used in the early design 
stage. 3D tools today are so much faster and 
easier to use and can produce incredibly 
accurate renderings.” According to Yeo, Alias 
Automotive, which is part of the Alias product 
line-up and specifically for use by automotive 
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 The physical model was created by London-based  
Morpheus Creative Development and consisted of over  
380 parts made out of a range of materials including wood 
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designers, is an excellent tool. It’s sophisticated 
and accurate enough to do Class-A surfacing 
but is also easy to use when producing realistic 
renderings. “I don’t think there is a more 
flexible tool for designers to create the exact 
surface that they want,” comments Yeo. 
“It is a tool that can communicate between 
engineering and design.”

 Given the unique design and layout of 
his vehicle, Yeo did a great deal of simulation 
and exploration inside a 3D environment 
making sure that his concept would work in 
real life. By creating all the pieces and then 
assembling them onto the two metal bars that 
form the backbone to the car he could quickly 
see whether they would fit or not and if any 
adjustments needed to be made. 

“Some of the adjustments were quite 
dramatic like the rear metal sections because 
it had to clear the heads of the rear-passengers 
and hold the bar that opens the gullwing 
doors,” he explains. 

 Yeo then used the 3D CAD data from Alias 
and brought it into Showcase in order to see 
exactly what the car could look like when made 
in different materials, including wood, steel and 
plastic. “I knew I wanted to use a lot of wood 
because it was important to make the car look 
as light as possible. I wanted to see how the car 
would look visually balanced if I used different 
types of wood and its finish. 

“From Showcase I could see that a glossy 
finish would make the car appear a bit heavy, 
which is why the actual model was finished 
in satin,” comments Yeo. “The same goes for  
the metal pieces. The car had a completely 
different character when the metal pieces were 
chromed, brushed, sandblasted, polished and 
tinted. I settled for a soft sandblasted finish 
because of the large area of the front. It took 
just a few minutes to see a whole range 
of combinations in Showcase, but it took 
much longer to choose because I 
had so many choices!” 

 Majenta Academy was 
also on hand to show Yeo 
how to make his model look 
as realistic as possible through 
the use of the software’s new animation and 
diverse visual rendering tools. Majenta’s 
specialists also showed him how to adjust 
the settings and gave him tips on creating 
the perfect shot. As a result, Yeo could see 
what his model would look like in a range of 
different real-life environments such as in a 
studio, on a highway or on the beach. “From 
Alias the exact dimensions were used as it 
would be in real life and it was constantly 
checked visually with Showcase where I 
could visualise the entire car with all the 

materials in different environments and even 
do short animations to make sure all the 
moving parts made sense,” says Yeo.

From digital to reality 
With the design finalised Autodesk then 
helped fund the creation of the physical model, 
which was created by London-based model 
makers Morpheus Creative Development. Yeo 
converted his Alias data into an IGES file and 
handed it over to them. “Some of the data they 
needed was in 3D format like the seat pieces or 
the tyres and some were 2D vector data, which 
they were all able to extract from the file I gave 
them. I was amazed at the compatibility and 
accuracy of my data files,” he says. Although 
this was a 1/6 scale prototype Yeo still wanted 
the production methods to be as close to 

the real world manufacturing techniques 
as possible. So several different methods 
were experimented with including waterjet 
cutting, laser cutting, CNC machining, rapid 
prototyping and vacuum-forming. 

“Waterjet cutting proved to be quite difficult 
with wood because the edges of the softer 
woods would split at the end,” he says. “Laserjet 
cuts were very cheap and very precise, but the 
burnt edges created a visual dilemma. However, 
both problems could be solved easily if it went 
into a real production.” 

In the end the model consisted of over 380 
parts but many of these could be manufactured 

 Autodesk Showcase was used to see exactly what the 
concept car could look like when made in different  
materials, including wood, steel and plastic

 Conceptual design sketches of the Concerto
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 From Alias the exact dimensions were used as it would be  
in real life and it was constantly checked visually with Showcase 
where I could visualise the entire car with all the materials in  
different environments and even do short animations to make 
sure all the moving parts made sense 

Links
www.rca.ac.uk ■

www.autodesk.co.uk/alias ■

www.autodesk.co.uk/showcase ■

www.majentacademy.com ■

www.bmmorpheus.co.uk ■

 Autodesk AutoStudio was used for simulation and  
exploration inside a 3D environment to make sure that the 
concept would work and all the parts would fit in real life
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in one turnaround and common pieces were 
also used to save needless machine time. 

“We were running on a very tight schedule, 
but I was able to make any changes that were 
necessary due to material constraints or 
manufacturing constraints in real time. The 
effective and prompt communication with 
the model makers is what really made the 
difference for me,” says Yeo. 

In addition, there were some pleasant 
surprises that arose during this stage, such as 
the actual working suspension and the general 
weight of the model, which, including all the 
accessories, weighed no more than 2kg.

 In total the project took six months and 
after a great deal of hard work and late nights 
it went on display at the degree show. Yeo has 

received much praise and has even received 
a number of awards including the Worshipful 
Company of Carmen Transport Design Award 
2009 as well as the prestigious Pilkington 
Automotive Vehicle Design Award for Best 
Design Interpretation. 

“The Concerto was born out of a very 
tough climate and I wanted the project to be 
something positive, something simple and 
light so that people could see it and smile,” 
explains Yeo. “Watching and talking to both 
non-enthusiasts and enthusiasts about cars 
and what cars meant to them at the show was 
simply a breath of fresh air. The project was a 
ray of hope in a time of difficulty.” 

Now that Yeo has graduated he is obviously 
keen to get a job in automotive design and 

has currently been going for interviews in the 
US and Canada. “I would like nothing more 
than to be working in a car studio. There’s 
something about cars that are just emotional 
and exciting,” he says. “Car companies have 
shown a lot of excitement and interest for the 
Concerto and I sincerely hope it is a start of 
something special.” ■
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  A vision of the future: the imposing 
figure of the ANTARES KMX60
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As a former senior designer at JCB, Mike Turner knows a thing  
or two about big wheel loaders. To help realise his vision of  
a futuristic technology that uses plastic muscles instead of  
hydraulics, he turned to Alias Design and Showcase.

When Mike Turner was asked to look 
at emerging technologies in the 
world of big wheel loaders, with a 

view to replacing hydraulics with alternative 
methods of actuating dig mechanisms and 
propulsion systems, he was quick to act.

The director of industrial design company, 
Mike Turner Design Ltd, spent five and-a-

half years as a senior designer at JCB, 
although this latest project would 

be even more challenging, as 
he needed to transform a 

futuristic technology into a 
cohesive concept 
in just one week.

Mike Turner 
Design decided 
on an approach 

based on the use 
of Electro Active 
Polymers (EAPs). The 
technology, which is 
currently being worked 
on by NASA teams in 
Pasadena, California, 
effectively relies 
on ‘plastic muscles’. 

These act like naturally 

occurring tissues in an arm or leg, and bend  
or contract as a response to small amounts  
of electricity.

“Such solutions might seem off the wall or 
avant-garde now but might conceivably be up 
and running within the next ten to fifteen years,” 
says Mike. “I didn’t think it would be a massive 
leap of logic to assume that if the technology 
keeps moving forward that within this kind of 
timeframe, EAP arrays could be used to power 
digging machines rather than hydraulics.

“The basic configuration, the linkages and 
the way it would perform needed to be along 
the lines of a typical current machine. However, 
there would, of course, be no need for hydraulic 
rams, all the technology would need to be 
embedded into the dig arms themselves.”

Mike began to transform his ideas into 
3D models using Autodesk Alias Design, to 
manage the 3D surface data, and Autodesk 
Showcase, to communicate form and to 
present multiple design variations.

“Rather than making it look like an 
animated creation from the latest blockbuster 
science fiction film, I wanted to keep the 
look of the machine believable and realistic 

– rooted in the realities of existing machine 
design,” he adds.
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Beyond  
hydraulics
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The transformation
“There was very little 2D sketching involved,” 
says Mike. “It’s the workflow I’ve developed in 
industry and during my time with JCB. I don’t 
really spend a lot of time sketching, usually 
you’re working with an engineering package 
where you have the basic constraints laid out 
and the bare bones of an idea, so what I’m 
normally doing is working over the top of that.

“It’s more constraints-driven than anything 
else: you’re trying to make shapes fit around 
where the engine needs to be, where this 
and that need to be. What I tend to do is start 
block modelling in Alias almost straight away 
to get the basic bones down of the 3D design 
to understand the proportions of it properly. 
Then maybe I’ll take screen grabs from that and 
‘fag-packet’ doodle over the top of it, but a lot 
of the time I’m just designing it in CAD as I go.”

“I used Alias Design to develop a preliminary 
computer aided industrial design model that 
both defined the design and packaged the 
principal elements.”

“Alias gives you more direct control over the 
surface you are working on when you are NURBS 
modelling than any other engineering design 
software that I have worked with,” opines Mike. 

“You can play with the model and adjust it until it 
matches the precise way you want it to look.

Mike adds that the other key benefit is that 
you can import image planes and work directly 
over the top of them. “It is easy to retain the 
character of your original sketch and build on 
this as required.

“It feels a logical extension of physical 
model-making and follows exactly the same 
techniques and conventions. As a design 
tool, it understands what designers do and 

What are Electro  
Active Polymers (EAPs)?
EAPs are essentially ‘plastic muscles’ 
that act like naturally occurring tissues in 
an arm or leg and bend or contract as a 
response to small amounts of electricity
EAPs have attracted attention 
from engineers and scientists from 
many backgrounds. A great deal of 
research has been done in the field of 
biomimetics, where robotic mechanisms 
are based on biological models with the 
aim to mimic the movements of limbs or 
even an entire creature.

Currently the technology is limited 
by several factors. Low actuation 
forces, mechanical energy density and 
lack of robustness mean that in their 
present state EAPs would be unsuitable 
for heavy engineering. However, this 
technology is expected to advance, 
especially in size, with developments 
already showing successes including 
miniature manipulators, miniature 
robotic arms and grippers.
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how they work. As a modelling package for 
industrial design work, I don’t think there is 
anything to touch it.”

Visualisation and rendering 
Showcase was used for the later stages of 
livery development work and the final stages 
of looking at different variants of the design 
to tweak and refine. Turner was left impressed 
by the power of the tool. “The quality of 
presentation material you can generate and 
the way you can go into the system and change 
colours and swap liveries live, quickly and easily, 
or set up animations, turntables and fly-bys 
is excellent,” he says. “It helps to give you 
confidence in the look of the final design.

“Rather than just focusing on a static image, 
you can go in and explore details, pan-around 
geometries and answer pretty much any 

questions that the client has got,” he continues. 
“It is invaluable for putting digital data in a context 
that non CAD-based people can easily digest.”

The monetary benefit of such technology is 
also a welcome to the Derby-based designer. 

“The cost of producing a large-scale mock-
up for design sign-off can be prohibitively 
expensive. Using Showcase allows you to do 
more with less and helps reduce the money 
you spend on prototyping.”

He explains that because this was not a live 
project and there was never an intention to 
take it into live commercial production, it is 
difficult to put a precise figure against the time 
and cost savings achieved.

“However, on similar projects I have carried 
out in the past, I have always found the costs 
of producing full size computer numeric 
control (CNC) styling sign-off models for 
machines of this scale to be prohibitively 
expensive,” he adds. “It can cost upwards of 
£60,000 for the numerous CNC machined 
parts required to build a full sized, fully 
detailed exterior mock-up alone.

“If it was a live job, there would also be a 
large time penalty incurred when producing a 
physical mock-up,” he says. “From the point at 
which surfaces are considered to be finalised 
and suitable for review, there is typically a two 
to three week turnaround time, at least, to get 
all the prototype components tooled, moulded, 
prepped, painted and delivered on site.

Realistically, you can expect to add a 
further week to get everything accurately 
assembled and fine-tuned prior to review. 
As such, time-wise the project typically has 
to wait a month from data release through 
to review date; which is down-time as far as 
‘productionising’ the design is concerned.”

For these reasons Mike Turner Design is a 
strong advocate for using Showcase in styling 
reviews. “The obvious time-savings associated 

with being able to obtain instantaneous feedback 
from this kind of design are desirable for any 
project team, as it allows them to maintain their 
momentum on the job. While Showcase doesn’t 
negate the need for fully representative pre-
production prototypes downstream, it can make 
a significant difference to the upstream costs 
and time investment traditionally associated 
with obtaining styling approval.”

Maya was used for the final renderings, with 
the key benefit being the transfer of data files 
from Showcase. Mike explains that there was 
no need for any costly or time-consuming re-
modelling and that the final images were faithful 
to the original data. This was key to the design 
process that had a time-scale of only one week.

ANTARES comes of age
The resulting digger design is the first in a 
series of similar projects under the brand name 
ANTARES (named after a red supergiant star in 
the Milky Way galaxy) that Turner is planning 
over the coming months.

“ANTARES is a kind of catch-all term which 
covers all of the developments on which I am 
currently focusing,” Mike says. “There is a kind 
of continuity, so other projects that I carry 
out in the future around this basic concept 
will also be branded ANTARES and will have 
a similar kind of corporate identity, signature 
and form language.

How ANTARES ultimately develops is 
still reliant on the future development of 
EAP technology, although Mike Turner will 
continue to envision the future of heavy 
machinery through Alias and Showcase.  n

www.miketurnerdesign.com
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     Wheel assembly designed using Electro Active  
Polymers (EAP) technology

  Diagram showing how EAP technology controls  
movement of roll bucket and arms
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Inventor Fusion
Al Dean gives his first impressions of Autodesk’s brand new technology preview. Now available to the 
public as a free download, the software represents a promising opening move into direct modelling.

Representing Autodesk’s first foray into 
the world of direct geometry editing, 
Inventor Fusion is arguably one of the 

most eagerly awaited technology launches 
this year. First shown at Autodesk University 
in December 2008, the technology is now 
available for free download from the Autodesk 
Labs website (labs.autodesk.com/fusion) 

Autodesk has one of the most impressive 
Labs sites out there and many core parts of 
Inventor began as Technology Previews, just as 
Fusion has now. It is likely to remain in Autodesk 
Labs for some time as each successive public 
release is put out for all to see, play with and give 
feedback to help drive its development – so let’s 
take a look at what all the fuss is about.

Less is more
The Inventor Fusion user interface is minimal 
to say the least and because it has a small set of 
commands, view manipulation is pretty much 
standard as in Inventor 2010, with keyboard 
shortcuts for pan/zoom/rotate as well as the 
ever-present View Cube and Navigation bar to 
provide quick access to view settings. 

The familiar browser is integrated into the 
user interface, rather than as a separate panel 

and gives access to named views, origins, work 
geometry, annotation planes and a feature 
list – but no history and this is key, as Fusion is a 
history-free modelling technology.

The user experience is highly dynamic with 
less reliance on toolbars and menus. This is a 
heads up interface to the extreme. Much of 
Fusion is driven from marking menus, something 
that was introduced into the Alias products 
many years ago and adopted by many modelling 
packages as a replacement for the context-
sensitive right hand mouse button menu. Fusion 
combines the two. Hit the Right Mouse Button 
(RMB) and a marking menu pops up along with 
a more traditional menu (see Figure 2). This 
provides access to all of the commands you’ll 
need – the most important found on the marking 
menu, while the traditional menu provides a 
fuller, context-sensitive selection.

The sketching workflow in Fusion is very 
slick. Informal dimensions are placed on the 
fly, and users can snap and infer relationships, 
while hitting values locks them down (typically 
for length and angle, using tab to toggle 
between the two). One thing to note is that 
Fusion defaults to inches. To switch it to mm, hit 
the scale key at the bottom right of the screen.

As with most direct modelling systems, there 
are only a handful of major operations. Press/Pull 
and Move are the predominant ones. Press/Pull 
is used to create extrusions, either to add or cut 
material. Hit the command, select the profile and 
the display brings up a preview and a small arrow. 
Geometry can be dragged to the desired depth 
or values keyed in. With the small glyph near the 
feature, users can define direction around the 
plane and a small grip can be manipulated to 
create the required draft angle when dragged. If 
the Press/Pull command is used with edges, then 
it’ll switch to creating fillets. 

While the Press/Pull command is used 
in most instances, the Move command lets 
users work with existing geometry, grabbing 
the geometry, for example and using a triad 
to move or rotate sets of faces (see Figure 3). 
The axis can be locked to specific planes, axes 
and angles, and using the F6 key, it can also be 
shifted to other reference geometry (such as an 
edge to get a planar move reference).

Alongside the Press/Pull command, there 
are familiar commands for sweeps, revolves, 
fillets, chamfers and shell. There’s a Delete 
Face operation, but it’s worth noting that the 
system will only allow users to delete a face if 

●1  Unlike Inventor 2010, Inventor Fusion doesn’t rely on 
history. Features are still very much an intrinsic part of the 
application, but Fusion doesn’t carry with it the headache 
of history recalculation when features are edited 1
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the removal of that face results in a watertight 
model, once the boundaries have been fi lled 
in. There are also patterning tools (radial and 
linear), mirror of features and part splitting. 

Assembly modelling
Alongside the part modelling and editing tools, 
Fusion also allows users to create assemblies 
using some basic mating tools. As the system 
is ‘multi-body in a single part’ capable, it can 
work with explicit separate parts or the same 
alignment and mating tools can be used to build 
up an assembly using multiple bodies. Found 
when clicking the Constrain icon in the Home 
panel, the basic commands are Align, Centre, 
Angle and Tangent, all with off sets where 
appropriate. One thing to note is the order in 
which mating geometry is selected. As Fusion 
doesn’t have a fi x or Anchor command to lock 
the fi rst part down, users need to remember 
that the fi rst selection is automatically locked 
and the second selection moves to it (Figure 4).

Working with Imported data
Inventor Fusion will read native Inventor data 
directly but will only import solid data and 
doesn’t yet support assembly features (such 
as weldments). In terms of third-party data, 
Fusion supports the importing of SAT fi les 
(between version 4.0 and 7.0) and STEP fi les 
(supporting the AP214 and AP203E formats). 
For export, it’ll save out to Inventor format but 
the other formats are limited to SAT (7.0 only) 
and STEP using the AP203 standard.

While Inventor Fusion is a non-history-based 
application it still takes advantage of feature-
based working methods. But what about 
imported data that typically doesn’t have this 
feature data? To add some intelligence, Inventor 
Fusion has basic feature recognition tools built 
into it. Once geometry has been imported, run 
the Recognise Features from the Home panel. 
This interrogates the part and will fi nd any hole, 
fi llet or pattern features and store them in the 
browser. It should be noted that this does not 
replicate the native features but rebuilds those 
features that Fusion can work with. The same 
is true of importing Inventor parts -  it won’t 
replicate the native feature tree.

When it comes to making changes to parts, 
it’s best to dive in and work with the data directly, 
using a combination of the Press/Pull and Move 
command to edit the geometry, shift it and work 
with it. When working with direct modelling 
tools such as this, it is important to realise that all 
systems have quite specifi c limitations in terms 
of topology. While users can move, push and pull 
faces seemingly at will, the model must remain 
watertight and the geometry/topology must 
solve. When faces are seen to disappear, this is 
usually in the area of fi llets, where the underlying 
modelling engine can handle the removal of 
those faces and patch the surfaces back. Make 
too drastic changes to complex geometry and 
it’ll end in trouble. The good news is that Fusion 
gives positive feedback about what the system 
can do and will clearly fl ag up problems.

Summary
Looking at this initial Tech Preview, it’s clear 
Inventor Fusion is an exciting technology, but 
there are still many things it can’t do. One 
omission is the round trip functionality that 
was shown at the offi  cial announcement earlier 
this year, where feature data can be maintained 
between traditional Inventor and Fusion. 
However, Autodesk is very transparent about 
the current limitations and a list of things it 
can’t do is installed with the software, so if you 
have problems, check that fi rst. 

To be frank, I’m in two minds about what 
to write in the way of a conclusion. This is 

very early stage software, nowhere near 
production ready. The technology is going to 
have the rough spots knocked off  before it gets 
anywhere near integration into core Inventor 

– which is the eventual goal, rather than a 
standalone application. So let’s strip it back to 
basics and look at what Fusion represents.

The most immediate things are the direct 
modelling tools that allow users to work with 
geometry in an eff ective manner, regardless of 
source. While direct modelling is never going to 
replace history-based modelling, it’s well suited 
to pure, hardcore modelling operations where 
history-based systems fail – whether that’s 
working with imported, dumb data or making 
design changes at late stages where model 
history becomes unwieldy. It also provides an 
interesting way for the non-expert CAD user (but 
I’d stress the experienced engineer or designer) 
to get ideas down, play with geometry and to 
think in true three dimensions – but without 
the knowledge overhead associated with 
history-based techniques. These have been the 
sweet spots for direct modelling for the last two 
decades and I suspect might always remain so.

Alongside direct modelling, something 
else is afoot with Inventor Fusion and that’s an 
intriguing experiment or testing of waters with 
regards to the user interface. Looking at Fusion 
and separating the modelling technology from 
the user experience, it’s clear that Autodesk is 
testing out how users react to the new marking 
menu system, a much more interactive heads up 
way of working than is currently implemented 
in Inventor 2010. What I fi nd intriguing is that 
Autodesk is doing this by releasing code into the 
public realm and letting users (whether they’re 
customers or not) play with it and see what it can 
do. That can’t do anything other than assist with 
making a better product.

In summary, Inventor Fusion is an exciting 
new technology at a very formative stage. It’s 
still awaiting some of the core components, 
and the Technology Preview is going to extend 
well beyond this calendar year with updates. 
Let’s see where it goes.   ■ 

labs.autodesk.com/fusion
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●4  The Lock anchor glyph is key to understanding 
the assembly workfl ow – select the part you want to 
remain ‘unmoved’ fi rst, then add other part references 
to your selection.

●2  The Marking Menus provide access to the most 
commonly used commands around the cursor and a 
secondary, more comprehensive list of commands is found 
in a more traditional menu.

●3  Using the Move Triad and the F5 key allows users to 
grab geometry, align the triad to the required direction 
and pull it into position.

2 3

4
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Inventor Fusion 
Technology Preview 
visual guide

The release of Inventor Fusion has been 
hotly anticipated since it was first shown 
at Autodesk University at the tail end of 

2008. Available on Autodesk Labs, the Inventor 
Fusion Technology Preview  is a testing ground 
for a non-history-based modelling technology. 

In addition to this shift in technology, the 
technology preview also includes an innovative 
and minimal user interface. Here’s our visual 
guide to help make it easier for you to find  
your way around.

Feature & Part Browser
Just because Inventor Fusion doesn’t use 
history, it doesn’t mean that features do 
not play a big part in model construction. 
While the majority of work is done in a 
very dynamic way, specific features, such 
as holes, arrays/patterns, fillets are all 
stored in the feature browser. 

This same panel also allows users to 
organise separate bodies, both within 
parts and within an assembly modelling 
context. Bodies can be switched on and off, 
data re-organised and renamed to ensure 
the model is documented as you require.
The Find Features command allows users 
to quickly find standard features (such as 
fillets, holes etc) for removal or editing, 
but you’ll discover that the majority 
of time is spent sketching and directly 
manipulating geometry.

TIP: The ShowMotion panel gives 
access to technology brought across 
from Autodesk’s visualisation system, 
Showcase. This allows users to store view 
states and create animations to bring 
designs to life. We hope this feature 
makes it into Inventor 2011.
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Inventor 2010 style interface and heads up interaction
The basic principles of the Fusion interface follow those of Inventor 2010. Everything is ribbon-
based, but Fusion has a more stripped down set of tools with the majority driven from the home 
toolbar (the view toolbar is for display control, sectioning and such). As with Inventor 2010 the 
same user interaction methods apply, including the same mouse controls and keyboard shortcuts 
as well as the ever present View Cube (1a), navigation bar (1b). There’s also a raft of help to provide 
assistance but the best way to learn how Fusion works is to dig in and give it a try.

1a

1b

Marking Menus  & Triads
Where Fusion differs from standard 
Inventor is in the manner in which 
commonly-used commands and 
options are accessed. Fusion brings 
marking menus to the mainstream (first 
introduced in Alias many years ago) and 
combines both radial menus with more 
standard context-sensitive menus. 

Alongside the marking menus, geometry 
modification is driven by dynamic drag/
drop of triads (as above) which provides 
control over translation and rotation.

TIP: Right clicking in a blank space 
provides access to the core Fusion 
commands, Press/Pull, Move, Delete 
Face, Command repeat, Sketch and 
Intelligent Selection options (which allow 
users to dig into geometry to capture the 
faces they need).

Setting units to metric  
By default, Inventor Fusion uses Inches. 
To switch to another unit, click the icon 
to the right of the scale and snap setting 
slider and select away.
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Inventor Simulation 2010
Inventor Simulation 2010 features the most powerful native analysis and simulation  
functionality that Autodesk Inventor has ever seen, including the long awaited assembly  
analysis. Wasim Younis takes a look at what’s new and how it works.

The first generation of stress analysis tools 
were introduced into Inventor around 
six years ago. Based on technology from 

Ansys it allowed users to perform basic stress and 
modal analysis, but it had one major drawback – 
it only worked with single parts. While it offered a 
quick way for users unfamiliar with Finite Element 
Analysis (FEA) to get a foot in the door, the facts 
are that most engineering processes involve 
multiple components and the system wasn’t 
really up to the job. As a result, those looking for 
analysis and simulation turned to the wealth of 
third-party Inventor-integrated simulation tools. 
This all changes with this release. 

For Inventor Simulation 2010 Autodesk 
has incorporated technology from its recent 
acquisition of Plassotech to finally bring native 
assembly-based simulation capabilities to 
Inventor. Alongside the assembly analysis 
tools, the software includes parametric analysis 
functionality that automates the simulation of 
design configurations and variants, allowing the 
user to determine the optimum product design 
without the need to perform a time consuming 
series of repetitive analyses. 

So let’s dive in, work through the process 
and see what’s new and improved. The best 

place to start is the user interface (Figure 1). 
As with all things Inventor 2010, the interface 
is ribbon-based and works in a logical manner, 
presenting commands and options in a logical 
order, making it pretty straightforward to learn.

Idealisation & simplification
The first step is to decide whether you want 
to conduct a stress or modal analysis (natural 
frequencies). Inventor Simulation 2010 also 
offers the ability to analyse different level 
of detail representations of the assembly 
removing the need to create multiple copies of 
the assembly for stress analysis purposes. 

Like the in-built analysis within previous 
releases, motion loads transferred from 
dynamic simulation can be used as well. The 
contact tolerance settings can also be altered 
to allow for the automatic contact generation 
between components that have clearances 
or gaps. Non-structural components of the 
assembly can be disregarded for the purposes 
of simulation by right clicking the component 
and simply selecting ‘exclude from simulation’ 
(Figure 2). This will significantly simplify the 
analysis by reducing the number of automatic 
contacts produced and will speed up runtimes.  

Setting up your study
Once the assembly model has been simplified 
to the desired level, the next stage is to apply 
load and constraints. Perhaps the most notable 

change here is the contacts and mesh control. 
There are various types of contacts available 
including bonding, separation, separation/
no sliding, sliding/no separation, shrink fit 
(interference fits) and springs. The contacts 
between the components will be automatically 
created and can then be manually modified to 
any of the other available contacts. For example 
with the lifting mechanism in Figure 3 it’s very 
easy to alter bonded automatic contact between 
the bolt and hole to sliding-no separation 
contact-which simulates reality more accurately. 
While we’re talking loads and constraints, 
Inventor Simulation now offers an additional 
remote load type in addition to pressure, force, 
bearing, gravity, moment and body loads.

Moving on to mesh control, there are two 
types of mesh controls; global and local. Global 
meshing allows the user to control the overall 
size of the mesh, in addition to controlling the 
number of elements on a curve – for example, 
around holes. Local mesh control can be used 
to size the mesh on any component face or 
edge and is particularly useful for detailed and 
large components.

Results convergence 
Stress can become infinite if the area is very 
small, for example a point or edge  
(Stress = Force/Area). This is why it is advisable to 
avoid applying constraints and forces on points 
or edges as it will result in very high stresses – 

●1  The new Ribbon-style user interface of Autodesk  
Inventor Simulation 2010

●2  Exclusion of non structural components for simulation 

●3  Lifting mechanism with bolt-type connections

2

3
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also referred to as stress singularities. It is normal 
practice to re-analyse the same model with 
different mesh sizes to see if the maximum stress 
changes, and if results are similar the user can 
assume results have converged – also referred to 
as manual convergence. 

In previous versions of Inventor there was the 
ability to perform an automatic convergence of 
results where the software refined the mesh in 
the area of high stress. However, in cases where 
models were either constrained or loaded on 
points or edges the results did not converge 
using this automatic convergence process. This 
made the feature impractical for most analyses.

This deficiency can now be overcome in 
Inventor Simulation 2010 by selecting these 
problem points and edges and excluding them 
from the convergence results process. The 
results that can be used for this convergence 
process include von Mises, principal stresses 
and displacements (Figure 4).  

The convergence can also be controlled 
by setting the number of iterations and the 
percentage stop criteria. This is 10% by default 
and was the criterion used in the previous 
versions – but could not be modified. One 
other unique feature of the convergence 
process is the ability to include part or all of the 
mesh elements of a model. A value of zero will 
include all the mesh elements in the model as 
candidates for refinement –and can be useful 
when a model contains multiple peak stresses. 
A default value of 0.75 will refine the 25% of the 
mesh elements around the peak stresses. 

Solve and results analysis
Inventor Simulation 2010 now offers a 
comprehensive list of results plots in addition 
to the von Mises, principal stresses and 
displacement, including planar stresses which 
enable plotting of tensile and compressive 
stresses in components (Figure 5). In addition 
to displaying the maximum and minimum 
values, the user can now use the probe feature 
to pinpoint the key areas of interest in the 
model. This is especially useful when the model 
has maximum results distorted due to stress 
singularities present. Other useful additions 
include the convergence plot which illustrates 
that convergence has been reached and the 
uniform scale feature, which when activated 
allows users to see the results plot of an isolated 

component within the context of an assembly, 
without altering the maximum and minimum 
values of the colour bar. 

Optimisation
 Of all the new functionality in Inventor 2010 
optimisation is the most impressive and 
allows users to see the effect that different 
design parameters have on defined goals and 
constraints including stress and deflection 
limits. Users can access design parameters 
by right clicking any component in the stress 
analysis browser and selecting Show Parameters 
(this is only available if Parametric Dimension is 
selected as Design Objective). The user can then 
select the parameters to be investigated. 

Different design parameters, based on the 
original can be generated from within the 
parameter table within the stress analysis 
environment. Once these have all been done 
the user can define design goals and constraints 
from a predefined results list. This includes 
stress limit, maximum allowable deflection, 
factor of safety and minimise mass.

Once all the design parameters, goals and 
constraints have been defined the user can 
then begin to run the optimisation study. By 
default, the simulation will be set to run using 
the Smart Configuration setting that cleverly 
analyses a sample of the design parameters. 
The solution is reached much more quickly 
than when using the Exhaustive option that 
calculates every conceivable design parameter. 

Beware if you have a lot of design 
parameters, as the simulation can take a 
very long time. To get round this the user 
has the option of running the simulation by 

pre-selecting the design parameters for each 
feature (done using the parameter sliders) and 
then selecting Simulate This Configuration, 
which can be considerably quicker than running 
all design parameter configurations (Figure 6). 

Conclusion
This release of Inventor Simulation is a vast 
improvement over its predecessor, if for 
nothing else, by providing the ability to perform 
realistic simulations based on assemblies, 
rather than just single parts.

The Parameter studies functionality is also 
very important. This helps users explore the 
impact of design parameter changes, against 
defined design goals and constraints, without 
the need to investigate and analyse an excessive 
number of options – with the ability to promote 
the optimum design parameters to your CAD 
Models. All in all it greatly helps to analyse and 
modify designs efficiently enabling users to turn 
around designs faster by working seamlessly 
with the CAD models, helping to reduce costs, 
reduce failures and thus warranty costs 

However, there’s still room for improvement. 
In future releases I’d like to see additional 
functionality including buckling, thermal and 
CFD analysis, plus more post-processing tools 
including dynamic probe display, clip planes 
and the ability to compare results from different 
studies side by side in the graphics windows.   n 

5

6

4
●4  Convergence Settings dialogue box 

●5  Tensile and compressive stress plot

●6  Alternative designs resulted from an optimisation study

Wasim Younis is an Autodesk Simulation 
training and support consultant, and 
Director of VDS Solutions. His new book 
‘Up and Running with Autodesk Inventor 
2010 – A step by step guide to engineering 
design’ was recently published by Elsevier. 
www.vdssolutions.co.uk

Product: Inventor Simulation 2010

Supplier: Autodesk

Price  on application

www.autodesk.co.uk
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Tips and tricks: 
Autodesk  
Inventor 

Undo file size 
Increasing the undo file size can increase the number of 

undos available to you. This can be particularly beneficial when 
working with large or complex models. I recommend that you 
change the default of 256Mb to 1,000Mb. This is found under the 
general tab in Application Options.

Default drawing format  
If you document your 3D designs as 

a DWG file type in Autodesk Inventor, you 
can specify the default 2D file format in the 
Application Options > Drawing tab. This means 
that when you use the ‘New’ shortcut 
(in the top left hand corner) and select Drawing 
from the fly out, you will start a new 2D DWG 
drawing as opposed to a new 2D IDW drawing.

Keeping mass properties up to date 
If you want to keep your component or assembly mass properties up to 

date automatically, go to the General Tab under Application Options and set 
Update physical properties on save. You can then choose whether to update only 
part, or parts and assemblies.

1

3

2

In the first of a regular series of articles,  
Steve Bedder, Autodesk’s UK & Ireland’s chief  
technical guru shares his tips and tricks for Inventor 
users. In this issue he looks at application options, 
sketching and feature creation.

Application options tips
Changing some of the default settings inside Inventor can help the application to 
work more effectively for you. The following are all changed in the Applications 
Options dialogue box.
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Angle dimension  
To obtain a radial angle dimension in a 2D sketch, use the dimension tool and select the three points in the 

order as shown above. You will then end up with the required radial angle dimension.

No Constraints   
When creating 2D sketches within a part, Inventor will automatically add 

geometric constraints to the sketch geometry. This will make sure that your 
sketch geometry is parallel, perpendicular, horizontal, tangent etc.
However, if you don’t want to have a constraint automatically added, just hold 
down the CTRL key and place your sketch geometry.

Tangent Sketch  
If you need to draw a line tangential to an arc/circle in a 2D sketch, use the 

line command and when you click with the left mouse button to start the line on 
the arc, keep it pressed down and move the end point of the line to where you 
want it to finish. You should notice that the start and end point of the line will 
always stay tangential. You will see this by the tangent constraint icon that is 
shown next to the 2D geometry.

4

5

6

Sketching tips
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Giving parametric  
dimensions more clarity   

When entering dimensions into the Edit Dimension dialogue 
box, if you just enter a numerical value - e.g. 80mm - Inventor will 
create a parametric value and list it in the parameters dialogue. 

However, when you are adding your numerical values it is 
a good idea to also enter a name for your dimension to identify 
what the dimension is for e.g. height, width, length etc. You 
don’t need to pre-define the parameter name, you can do this 
dynamically when creating/editing a dimension. 

The end result is a parameters dialogue that is 
understandable with a list of dimensions that mean something 
rather than just d1, d2, d3 etc. 

Applying tolerances     
You can also use the Edit Dimension 

dialogue to apply any tolerances, limits and fits 
to the parametric dimension. Just click on the 
black arrow at the end of the input box and use 
the fly-out menu to select Tolerance. 

The Tolerance option will allow you to add in-
telligent model tolerances to the dimensions for:

Symmetric ■

Deviation ■

Limits-Stacked ■

Limits-Linear ■

MAX ■

MIN ■

Limits/Fits-Stacked ■

Limits/Fits-Linear ■

Limits/Fits-Size Limits ■

Limits/Fits-Tolerance ■

Using the Limits/Fits option will allow you to select from a list of 
Hole and/or Shaft to set the tolerance value for hole dimensions 
when using Limits and Fits tolerance.

If you apply a tolerance to a parametric dimension, you can 
then have Inventor automatically re-model your part to show it 
at it the evaluated size in the upper tolerance, lower tolerance, 
median tolerance and nominal tolerance. These are represented 
by the four buttons in the Tolerance dialogue.

7
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Selection  
Filters  

When working in a sketch, part, assembly 
or drawing you can use Inventor selection 
priority/filter options to help you quickly and 
easily select the geometry you require. You can 
access the selection priority menu from the top 
of the Inventor application window.

However, you can also hold the SHIFT key 
and right mouse button at any time to get a 
shortcut menu for all of the Inventor selection 
priority/filter options.

Profiles and sketch  
Intersections

If you are ever in a situation where you are 
trying to extrude a profile but are unable to 
select the part of the 2D profile to extrude, you 
can use sketch points to force the intersection.

In this example, I want to extrude the 
intersection between the two circles.

If I try to select the intersection profile,  
I can’t. I can only select the two circles.

To get around this I add two sketch points  
at each of the intersections.

I can then use the Extrude tool to extrude 
the profile I require. 

9

10

Feature creation tips
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Geomagic Studio 11
Geomagic is a name synonymous with software used to connect digital workflows with  
physical objects. Al Dean reports on the latest developments in Geomagic Studio, which  
see tighter integration with more traditional 3D software such as Inventor

The headline update for Geomagic 
Studio 11 is the introduction of Parametric 
Exchange, a set of tools designed to bridge 

the often wide chasm between physical data 
capture and digital design – a goal the company 
has been working toward, most notably with 
the introduction of the Fashion module. This 
offers the ability to extract design intent and 
reconstruct clean, accurate surfaces for use in 
CAD software. This release not only extends 
these tools further by consolidating commands 
and workflow and adding new tools, but also 
adds another level of intelligence to the process. 
The concept  is that the physical form of a 
component can be re-built not only as a set of 
CAD-readable surfaces, but with a reconstructed 
CAD-native feature tree. This allows users to 
make much more use of the geometry than 
would be possible with dumb surfaces. It also 
means design intent can be added.

In its first release, Parametric Exchange 
interoperates with the leading CAD systems 
including Autodesk Inventor. The user begins by 
working on scanned data within Geomagic, which 
presents a wealth of tools for working with point 
cloud data. Separate scans can be registered, 
cleaned and a watertight polygon mesh can be 
built. The user then dives into the system and 
inspects the poly-mesh to find fillet radii and all 
manner of surface types (such as planar surfaces, 
cylinders, etc) (Figure 1). 

The next stage is to start to define each of 
those to the level of detail required. Initially, 
open surfaces are created (Figure 2). Fashion 
now includes all manner of tools for extracting 
curves and sketches from the point cloud, and 
editing as required to create “good” curves. 
The end result is a mixture of untrimmed and 
trimmed surfaces (and boundary curves) that 
are ready to be transferred to the CAD system 
(Figure 3). At any point in the process users can 
inspect how much that surface-based definition 
of the part deviates from the scanned data.

In the Inventor example shown in Figure 4 
when transferred to a CAD system, the API is used 
to reconstruct the features, surfaces and curves 
in a logical history tree. It’s worth noting that each 

entity is contained within the feature browser to 
the left of the screen. The next stage is to use that 
data to add the final trimming, cuts and splits to 
create the final watertight model (Figure 5).

Mesh Doctor
Alongside Parametric Exchange, the other big 
news is the introduction of the Mesh Doctor. 
When dealing with reverse engineered data, 
whether coming from a processed point cloud, 
an imported polymesh or anything else, errors 
within that data are very common. 

The nature of any reverse engineering process 
– whether using traditional CMM style processes 

or the increasingly common non-contact 
scanning devices – means that holes, gaps or 
other errata appear. This is the main reason that 
systems such as Studio exist in the  first place.

What Mesh Doctor represents is a persistent 
set of checks that can be carried out on polygon 
meshes to ensure users have the best quality 
data to work with. Mesh Doctor is initially 
used when opening the dataset and runs a 
series of checks that look for errors, such as 
non-manifold or highly creased edges, self 
intersections, and spikes, or small components 
and holes that may typically appear. The system 
analyses these and presents the user with a 

The polygon mesh is intelligently 
classified into regions according  

to the surface types (For example, orange  
for extrusion)

Primary surfaces of different types are 
fitted to each of the mesh regions1 2

  The concept  is that the physical 
form of a component can be re-built 
not only as a set of CAD-readable  
surfaces, but with a reconstructed 
CAD-native feature tree 
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Three leading products that can be used to produce point cloud data for reverse engineering

Surfaces are automatically trimmed if 
the user wants a stitched or solid output

Surfaces are directly transferred to 
Inventor, where they are reconstructed 

with parametric history and associated sketches. 
In this instance, only the central disc is needed, 
then a single copy of each of the blades

The model is complete once Inventor-
native commands are used to pattern  

the blades radially

3 4 5

Reverse Engineering hardware

Creaform HandyScan  
(Z Corp ZScanner)
These scanners use a combination of digital camera 
technology and laser scanning to triangulate between small 
registration dots placed on the surface of the physical part. 
The range of products support self-registration and unlike 
many other rev eng systems the part can be moved during 
scanning, allowing the user to capture much larger parts 
and more detail without too much manual intervention. 
The latest product also supports colour capture as well as 
physical form. Note: these products are also sold by  
Z Corporation as the ZScanner products.
www.creaform3d.com / www.zcorp.com

Spatium3D
A high-end scanner which uses “structured light” projection techniques and 
top quality German and US optical components to produce exceptionally 
high resolution, high accuracy and low noise scan data – and is often 
the benchmark on which 3D scanners are assessed. These systems are a 
complete metrology solution, offering a range of 
capture volumes from 50-1,500mm, fast  
acquisition, probing of difficult to 
reach features and hole/edge/
profile recognition in a single, 
portable system.
www.spatium3d.com

NextEngine
Possibly the cheapest reverse 
engineering device on the 
market (except a set of calipers 
and a micrometer), the 
NextEngine uses consumer-
grade electronics to capture 
physical form and colour. The 
cereal box sized device includes 
software to capture form and 
colour from a range of products, 
from the small (using the 
automated turntable) to much larger products (tripod mounted). The NextEngine 
costs a tenth of some of the more expensive systems out there.
www.nextengine.com
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list of errors that can be selected, inspected 
(using the 3D view to zoom into problem areas 
automatically) and dealt with accordingly. 
Common problems can be rectified automatically 
and Studio handles that following a click of a 
button. In cases where the automated tools can’t 
be used Studio enables users to dive in and work 
with the geometry manually, replacing geometry, 
filling holes and fixing errors. 

Other updates
In terms of the less ‘headline grabbing’ updates 
there are new tools related to working with 
new geometry, rather than data generated 
by scanning hardware. The first, the Mesh 
Radius Analysis tool, allows the use of 
curvature analysis to find the radii of either 
all edges within a part (perhaps a moulding 
which is typically more filleted than a metallic 
component) or a specific selected area. Mesh 
Radius Analysis gives a reading for each radius 
found which can then be used when defining 
proper fillets downstream in a CAD system. 
This tool is incredibly useful to restore design 
intent with used or retired components where 
time has taken its toll, and provides a decent 
baseline set of data to work with further. 

Hole filling is something that every reverse 
engineering user will be familiar with – mostly 
because in many cases it can mean major 
headaches, particularly when working with 
complex, sculpted surfaces. Studio now includes 
a Tangent Filling option that fills holes while 
maintaining the tangency of the surrounding 
geometry. This is intended as an alternative to 
the Curvature Filling option which, although 
incredibly powerful, can sometimes give erratic 
results, particularly with complex forms.

An interesting update is the Relax Polygon 
option. Previous versions of the software 
smoothed out errors with ease, but this could 
have a rather undesirable effect on edges. The 
new release provides a Curvature Priority 
option that ignores areas where high degrees of 
curvature are found (namely, edges) and these 
will be locked out from smoothing operations. 
The tool provides a visualisation of what’s 
locked and what’s not. 

Also related to smoothing, the new Sculpt 
Knife tool provides greater control over manual 
smoothing (where the user paints in smoothing 
operations interactively on the geometry). 
This provides control over the width (or to use 
the painting analogy further, brush sizes) and 
the amount of offset allowed (or the distance 

polygon vertices can move to achieve that 
smoothness away from the original geometry). 

Finally, there’s been some cross-pollination 
from the Fashion module into Studio, with 
the ability to trim polygons with a curve. 
This allows the use of a curve to define the 
boundary of a sub-set of a model, either 
sketched in manually or using curvature change 
to drive the creation of the sketch. 

Conclusion
By taking a broad look at the process of reverse 
engineering or the capture of digital data from 
physical parts, there are two forces at work. 
There is currently an explosion in the hardware 
available to capture the raw data. Some are 
highly complex and accurate, but costly 
solutions, while others make use of consumer 
grade electronics to achieve a lower price point, 
but this often comes at the expense of accuracy. 
While there’s a boom in reverse engineering 
hardware, perhaps the most critical part of the 
process is doing something with that raw data. 

It’s in this field that Geomagic has built up its 
expertise over the last decade, providing tools 

that allow users to work with raw source data 
and create usable geometry. With the Studio 11 
release, this advances greatly, particularly with 
the introduction of Parametric Exchange, which 
allows users to take physical data and create 
solid, accurate, clean and, above all, intelligent 
CAD models – and by doing so, adding design 
intent and editability back into the process.

Alongside Parametric Exchange, the other 
major updates for this release continue much 
of the good work Geomagic has been putting 
into the products over the last few years. While 
all of the tools have been there in some shape 
or form for a while, the last few releases have 
seen much consolidation of commands. A good 
example is the Mesh Doctor. While this doesn’t 
represent new functionality, it takes existing 
tools, brings them into a single, persistent 
dialog and allow users to work on geometry, 
fixing errors and re-running checks, all from 
one place. This can only serve to make these 
processes, which are often time consuming, 
much more efficient. And you can’t ask for 
much more than that in my book.  n

www.geomagic.com

 While there’s a boom in reverse  
engineering hardware, the most  
critical part of the process is doing 
something with the raw data 

 The new Mesh Radius Analysis functionality  
automatically analyses and measures variable and constant 
radii along the polygon mesh edges
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Dimension Printing 
uPrint 3D printer
If there’s one organisation driving more affordability in the rapid prototyping market, it’s Stratasys’ Dimension Printing  
business unit. Al Dean takes a look at its new uPrint 3D printer, which brings ease of use and affordability to the fore.

Stratasys (Dimension Printing’s parent 
company) made its mark in the rapid 
prototyping world when it introduced 
the Fused Deposition Modelling 

(FDM) process that’s is now at the heart of all 
of its products. 

Like most rapid prototyping systems, FDM 
builds 3D models sequentially in thin slices. 
But while other systems use powders, resins, 
lasers and other optics, FDM uses a filament of 
extruded material to build its 3D model. Where 
SLA (Stereolithography) traces the outline of 
a part layer then fills it in, FDM deposits near 
molten material from a nozzle, tracing the 
exterior boundary of each layer then   
zig-zagging within that to add the material.

In most FDM machines the system also 
deposits a support material to assist with 
maintaining form within the model during the 
building process and to allow users to build 
complex parts in the required orientation. This 
support material is then removed (it’s water 
soluble) and hey presto, there’s a 3D model, 
realised as a physical 3D part. 

The benefit that FDM has traditionally held 
over its competitors is the superior structural 
integrity of the parts. By using near molten 
material (typically ABS but others are available 

in the higher-end systems), the technology gives 
users a very good approximation of product-
intent material. Parts are more resilient, suitable 
for form, fit and function testing and generally 
stand up well to the rigours of life as a prototype 
part. So, there’s the background, now let’s looks 
at the specifics of the uPrint machine, which 
Dimension is touting as a personal 3D printer. 

Personal service
The uPrint is a very small form factor machine 
and it sits easily on an office desk. I would 
hazard a guess that this is about as small as 
these things are going to get considering it 
sports a very usable 203 x 152 x 152mm build 
envelope. Installation is very similar to that of a 
traditional printer. Everything is clearly labelled 
and there’s even a quick reference guide. 

The machine comes into two core parts: 
the printer itself and the material bay. The 
material bay sits underneath the printer and 
can be doubled up to offer longer periods 
of unattended model building. Once it’s 
assembled, you connect the machine via 

Ethernet and get the software up and running. 
The system comes with Catalyst EX 

software which offers all you need for model 
preparation, from machine admin and control, 
through STL data import, orientation and 
scaling tools to prepare each build job.

Inside each material bay the ABS and 
support material are held in reels of filament, 
which are fed directly into the nozzle. These 
are 0.254 mm in diameter and this dimension 
not only defines the layer thickness during the 
build process, but also has an effect on the 
resolution. While FDM models are known for 
being dimensionally accurate, when working 
with intricate detail (close to the 0.254mm 
dimensional limit), it is possible to run into 

Product: uPrint 3D Printer

Supplier: Dimension Printing

Price: From £12,500 (approx €14,000)

www.dimensionprinting.com 
www.laserlines.co.uk

 The part in Inventor – an STL file is exported to the 
required resolution. Higher resolution will mean much less 
faceting in the final model

 Fused Deposition Modelling (FDM) models are  
renowned for their toughness and accuracy making them 
suitable for physical testing
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problems. That said, judicious choices made 
when orienting the part, can certainly help 
achieve the desired level of detail. 

At present, the uPrint only has one material 
option – Dimension’s ABSplus – and it’s 
only available in ivory (or off white). While 
the material is actual ABS, it’s important to 
realise that the exact same production intent 
characteristics of injection-moulded parts 
will not be achieved because of the inherent 
weakness of the layer-based build process. Still, 
compared to some 3D printing methods, these 
are exceptionally hard-wearing models and you 
can do most things to them including, milling, 
drilling, painting and even electro-plating.

In terms of the actual build process, models 
are built up layer by layer directly on to a 
‘disposable’ model base. While Dimension 
discourages re-use of these bases, it is generally 
perfectly acceptable. 

Build speed is not exactly fast, but 
comparative to other 3D printing systems. For 
example, the test model we supplied (as seen 
across the page) has a biggest dimension of 
100mm and took 13 hours to build. 

At the end of the build process, little post 
processing is required as the support material 
is water soluble, but an optional clean station is 
also available that automates support removal.

Cost of ownership
The uPrint represents a step change for 
Dimension Printing. The company has seen huge 
success with its range of BST, SST and Elite 3D 
printers and has shifted a huge amount of units. 
The competition between Dimension Printing 
and Z Corporation and Objet, has helped drive 
down the cost of 3D printing technology over the 
last few years. But the introduction of the uPrint 
takes this a step further. 

As prices vary greatly from country to 
country, unfortunately we can only give prices 
in pounds sterling and an 
approximation in EUROS. The 
start price for the uPrint is 
£12,500 (€14,000). This gets you 
the machine, one material bay 
(plus a carrier for both build and 
support material), the Catalyst 
EX software, some build and 
support material to get started 
and a year long maintenance 
contract. If you want to add 
the additional material bay, 
that costs £1,275 (€1,430) and 
material carriers for both build 
and support materials are £250 
(€280) each. The optional clean 
station costs £2,250 (€2,500).

While the capital costs of the 
system are critical, you also need 

models, made in durable production intent 
ABS, are impressive. 

Bringing 3D printing in house is a big leap 
for some, but it can bring huge benefits to the 
product development process. Because the 
design team has the machine to hand it will use 
it to its fullest potential, rather than erring on 
the side of caution when outsourcing models 
for production. 

After all, if you purchase a machine, you 
need to use it more to get more value from it. 
No hassle of getting purchases signed off, no 
waiting for the FedEx man to show up with 
a package of broken bits, just the ability to 
fabricate your prototype models and get on 
with the job.  n

Tech specs
Machine dimensions (W x D x H) ■n

635 x 660 x 787mm 

Machine weight:  ■n

76kg (with single material bay)  

Build envelope: ■n

203 x 152 x 152mm   

Layer thickness: ■n

0.254mm 

Build method:  ■n

Fused Deposition Modelling (FDM)

Model material:  ■n

ABSplus (single ivory colour) 

Network connectivity:  ■n

Ethernet TCP/IP 10/100 base T) 

Support removal:  ■n

Water soluble (optional cleaning station)

to bear in mind the on-going costs of owning 
and maintaining one of these machines. A 
year’s maintenance is included with the device, 
with additional years being £1,600 (€1,800) per 
annum, and I’d certainly recommend this. Even 
though the technology is comparatively simple 
compared to other 3D printers, the last thing 
you need is a spool jam or blocked nozzle when 
you have a project deadline looming.

In terms of consumables, the ABS plus 
material costs £690 (€770) for five spools. The 
support material is the same price and while 
you won’t typically use as much as you will build 
material, it can vary depending on the form of 
your parts. Other than that, the model bases 
cost £115 (€130) for 24 of them. 

In terms of raw material costs, the part you 
see on the facing page, which has a biggest 
dimension of over 50mm, cost £2.49 (€2.80) 
for the build material and £3.70 (€4.15) for the 
support, so all told around £6.19 (€6.95).

Just out of curiosity, I ran the same STL file 
through a number of US-based online service 
providers and the lowest quote I got was over 
$150 (€100). Now, while I’m no accounting 
expert and understand that capital costs need 
to amortised, if you’re a heavy user of rapid 
prototyping and maybe already invest heavily 
in outsourced FDM model builds, being able to 
recoup the cost of the machine in a surprisingly 
short time. As you create larger parts, the 
savings get higher. One part we had built cost 
the grand total of £50 (€56). Outsourcing that 
would have cost £300 (€335).

Conclusion
When looking at overall running costs the 
uPrint presents solid value for money. It’s also 
an extremely well-engineered product and the 

 Available in red, green and 
white the uPrint is much smaller 
than many 3D printers and set-
up is incredibly simple, taking 
inspiration from 2D printers
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Integrating Inventor & RP

Helping bring the worlds of 3D design 
and rapid prototyping closer together, 
Objet has recently launched a number of 
‘CADMatrix’ plug-ins that enable users to 
control builds directly from within their 
3D design system. There are plug-ins for 
a variety of CAD systems, and having 
given the Inventor version a test drive 
(currently in Beta test), it can greatly 
assist those working with these machines 
in house. The plug-in enables users to 
select parts or assemblies, materials, the 
machine to build on, coatings (to achieve 
a soft touch on a rigid material), and then 
have the system generate the required 
file for set-up and printing. The system 
creates STLs from the Inventor CAD 
geometry to the required accuracy and 
even provides an HTML report when it’s 
complete, so users know which parts 
are going to be built and which materials 
need to be loaded into the machine.
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When Objet Geometries launched 
the Connex500 earlier this year, it 
introduced an entirely new concept 

to the 3D printing sector – the ability to produce 
a model with different mechanical properties. 
The machine worked by mixing two master 
materials in different ratios on the fly to create 
any combination of rubber-like, flexible and 
rigid parts with different visual appearances and 
shore hardnesses. Most importantly though it 
was possible to do this in a single build.

The younger sibling 
Objet has now introduced a new machine, 
the Connex350, which features exactly the 
same core technology, but in a more compact 
unit, with a smaller build tray size (350 x 350 x 
200mm compared to 500 x 400 x 200mm). This 

reduction in size is also reflected in the price of 
the system, making it much more affordable 
for a wide range of users.

Around the size of a standard 
photocopier, but much more stylish in its 
appearance (previous Objet machines 
have won the Red Dot award), the office 
friendly credentials are earned through 
the use of completely sealed material 
cartridges. These are loaded up with 
ease and getting the machine ready to 
print doesn’t take a great deal of effort.

As with the Connex500, the 
quality of the models created with the 
Connex350 are amazing. Very fine layers 
of 0.016mm thicknesses are combined 
with high-resolution printing in the X and Y 
directions to deliver models of impressively 
fine detail. And by taking advantage of the 
many material choices on offer it can be used 
to generate models with the required look and 
feel of actual end products.

The combination of rubberlike, flexible 
material and rigid material allows users to print 
models for a wide variety of applications, from 
coating and shock absorbers to living hinges and 
gaskets – and it excels at replicating the feel and 
tactile response of over moulded or multi-stage 
injection moulded components – something 
which is very time consuming and labour 
intensive to prototype using vacuum casting. 

Conclusion 
The decision to acquire an in-house rapid 
prototyping technology is a choice that 
most design-led organisations don’t take 
lightly. After all, investing in a machine can be 

Objet Connex350
Objet Geometries has recently launched a smaller form factor and lower cost version of its Connex500 3D printer, a machine 
that can make models out of materials with different mechanical properties in a single build. Al Dean takes a whistle-stop tour

expensive, particularly when you consider the 
on-going costs of maintenance and materials 
supply. Alongside the cash costs, there’s also 
the constant nagging thought that by investing 
into a single technology, you’re excluding 
others – putting all your eggs in one proverbial 
rapid prototyped basket. This is exactly why 
the Connex350 is so appealing. In comparison 
to the many other office-friendly 3D printing 
devices, it offers incredible flexibility in terms 
of the mechanical properties of builds. And as 
such, if you are evaluating these tools, then 
it should certainly be flagged up for further 
investigation. n

Product: Connex350

Supplier: Objet Geometries

Price: On application

www.objet.com
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CFdesign for clusters
Armed with a brand new solver technology, CFdesign from Blue Ridge Numerics can now use clusters 
to accelerate solve times for Computational Fluid Dynamics (CFD). Greg Corke reports on how this 
move to High  Performance Computing (HPC) will change the game for desktop CFD.

Over the past ten years CFD 
(Computational Fluid Dynamics) has 
changed from being a niche application 

for specialists to one that is also easily accessible 
to non-expert designers and engineers. These 
desktop CFD applications work hand in hand 
with CAD software and enable CFD to be used 
to help drive the actual design process, rather 
than just being used as a verification and 
validation tool.

Blue Ridge Numerics, a developer of one 
of the leading desktop CFD applications, calls 
this upfront CFD. Its CFdesign software is 
Windows-based and works alongside a number 
of mainstream 3D CAD systems, including 
Autodesk Inventor. 

The software is used in equal measure for 
electronics cooling and mechanical flow, and 
is put to work on all manner of fluid dynamics 
projects including valves, manifolds, ducts, and 
diffusers, simulating a variety of fluids including 
water, air, and petrol.

 By bringing CFD into the hands of the non-
expert user, CFdesign started out being used on 
relatively simple problems, but this has changed 
over time, as Derrek Cooper, product manager, 
CFdesign, explains. “A few years ago people were 
so excited just to be able to run flow in a little 
valve out of their CAD system, but now people 
want to do a lot more,” he says. “The models are 
bigger and they want to run more of them. Now 
people are doing huge ventilation systems with 
multiple floors and multiple rooms.”

With this ever increasing complexity of 
problems, last year it became clear that more 

performance was required to reduce the solve 
time of its CFD simulations. However, because 
CFdesign had always been a desktop Windows 
application, its solver code was multithreaded 
and was only designed to run on a single work-
station. And while it would work with multi-core 
workstations, the limitations of the then current 
Intel Front Side Bus (FSB) architecture (Core 2 
Duo), meant that users would only experience a 
1.3 or 1.4 times performance boost with a quad 
core chip over a single core CPU.

Blue Ridge Numeric’s solution was to 
re-write its solver code to work with High 
Performance Computing (HPC) clusters, which 
are essentially a collection of computers joined 
together with high-speed interconnects. 

Clusters are commonly used with  more 
traditional CFD packages intended for dedicated 
analysts – such as STAR-CD from CD-adapco 
or Ansys CFX – as the datasets are much bigger. 
Here, complex aerospace and automotive 
problems of biblical proportions are typical with 
simulations often taking many hours, if not days.

Code breaking
Re-writing CFD solver code to work on a cluster 
is not a trivial task. It means the solver needs 
to be changed from a multithreaded structure 
(designed to work with multiple CPU cores in a 
single machine) into an MPI (Message Passing 
Interface) structure (designed to work with 
multiple machines in a distributed environment). 

Derrek Cooper explains the differences 
between the two and the limitations of multi-
threaded code in relation to CFdesign. “With 

multithreaded code, one solver (a CFD calc) 
tries to spread its information over multiple 
CPU cores. Eventually it will saturate and you 
won’t get any additional speedup,” he says. 

“With the MPI approach you get multiple CFD 
calcs all running independently of each other 
and the interface collects the information 
and knows how to spread it intelligently over 
multiple machines. In this case the speed up is 
substantial.”

With CFdesign and all its supporting CAD 
applications, running on the Windows platform, 
developing a solution for a Linux cluster was 
not seen as the most suitable option. Instead, 
Windows HPC Server 2008, Microsoft’s 
second-generation HPC cluster technology, 
was preferred. 

For Blue Ridge Numerics this was easier 
than developing and supporting a whole new 
set of Linux technologies. It also meant that 
users would feel more comfortable working in 
an environment that was familiar to them.

A mini CFD cluster 
The next challenge for Blue Ridge was to make 
the hardware affordable and easy enough 
for non-expert users to put together. “We 
recognised very quickly that people weren’t 
going to spend $50,000 on computers just 
to get some speed up in CFdesign,” explains 
Derrek Cooper. “So what we focused on 
primarily was leveraging the workstation and 
expanding that into a cluster environment.”

Blue Ridge chose to develop its HPC solu-
tion for a mini cluster with two, three or four 
workstations (nodes) hooked together with 
fast interconnectors. It initially tested with 
Core 2 Duo-based Dell and HP workstations 
running Windows HPC Server 2008 side-by-
side and with certain models experienced 
performance increases of up to 4.0 with two 
nodes and 5.5 with four. 

Each machine was fitted with high-speed In-
finiBand cards and connected with an InfiniBand 
cable. With complex problems holding huge 
amounts of data, the speed of this interconnect is 
vital to the overall performance of the cluster. 

●1  A cluster built from standard Dell workstations,  
InfiniBand PCI cards and dedicated cabling 

●2  For a more elegant cluster Cray’s new CX1-LC deskside 
is an all in one  supercomputer

1 2
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“You could hook up the workstations with 
Gigabyte Ethernet, but the performance will 
drop off substantially,” stresses Derrek. “It 
might save you a few hundred dollars by not 
buying InfiniBand but you might as well not 
bother [making a cluster] because the amount 
of information that needs to pass between the 
machines is tremendous.”

Blue Ridge Numerics wanted its solution to 
be easy enough for non-expert users to build 
a mini-cluster and particularly in these credit 
crunch times, this may be an attractive solution. 
However, ready-built systems are also available 
from the likes of Dell and specialist hardware 
manufacturers. 

If trailing cables infuriate you, mini clusters 
are also available in a single compact chassis 
with all the nodes and interconnects stored 
internally. While these solutions cost more, 
Cray’s new CX1-LC deskside supercomputer, for 
example, looks to be a very elegant solution.

The Nehalem advantage
At the tail end of last year and in the middle of 
Blue Ridge’s development cycle, Intel unveiled 
a brand new CPU architecture code-named 
Nehalem. This has now been brought to market 
with the Core i7 and Xeon 5500 series proces-
sors. At the heart of this new architecture was 
a change in the way the chip accesses memory. 

Instead of the CPU communicating with the 
memory via the Front Side Bus (FSB), Nehalem 
receives data directly from the system RAM. 
This has had a huge impact on performance for 
CFdesign, which supports Nehalem (Core i7) 
in the new version, CFdesign 2010, due to be 
released this month. 

When running multithreaded code on the 
older generation Core 2 Duo workstations, 
performance peaked at two cores on a single 
workstation (node) with a 1.3 or 1.4 boost over 
a single core. With Nehalem (Core i7) though, 
because the memory talks to the chip directly, 
it is able to run MPI code on a single machine 
very efficiently. So efficiently, in fact, that 
according to Blue Ridge, with four cores in a 
single machine (node) the performance boost 
is in the order of 2.3 and with eight cores it’s in 
the order of 3.0. The downside is that when you 
move to a cluster-based solution, the additional 
benefits are much smaller (see chart above).

Conclusion
Using CFD as an integral part of the product 
development process is the foundation on 
which CFdesign is built. But having to wait for 
results to come back can seriously hinder the 
efficiency of this practice.

By introducing an HPC solution, Blue Ridge 
is not only providing a way of slashing solve 

times, but enabling users to do many more 
iterations to help come to a better solution.

 The Windows-based setup of the system is 
likely to appeal to smaller companies who may 
not have in-house Linux expertise. However, 
the introduction of Nehalem (Core i7) with 
its excellent performance with MPI code in a 
single workstation, means that a cluster may 
not even need to be built. And while some 
users will always need clusters to reduce solve 
times to their absolute minimum, with eight 
core CPUs coming soon this will make single 
workstations even more powerful.

Unfortunately being able to take advantage 
of such processing power inside a single 
workstation is not free. Blue Ridge considers 
anything over four cores to be a HPC system, 
regardless of where these cores are located, 
and an additional cost is levied. While this is 
often a contentious issue in the CFD com-
munity, when Blue Ridge sets the fee in the 
forthcoming release of CFdesign 2010, it is 
likely to be a small price to pay for the potential 
to transform the role CFD plays in the product 
development process.  n 

www.cfdesign.com
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 Graph showing relative performance of CFDesign’s 
new HPC Solver under different hardware and node/core 
combinations.
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Computation by GPU
Moldflow Insight 2010 is one of the first engineering applications that can use a graphics card to  
solve complex simulations. Greg Corke puts the brand new CUDA-based technology to the test

For a number of years, professional graphics 
specialists, Nvidia and AMD, have been 
extolling the virtues of how graphics 

cards can be used to perform computationally 
intensive tasks usually carried out by CPUs. It 
might sound like a bizarre concept, but graphics 
processing units (GPUs) are actually made up 
of tens and sometimes hundreds of parallel 
processors, which in theory make them ideal 
for highly parallel processing tasks, including 
simulation and rendering. When used for 
calculations other than pure graphics, the GPU 
is often referred to a General Purpose Graphics 
Processing Unit (GPGPU).

As with any new technology, once the 
foundations are laid it takes a while for the 
software developers to catch up. And while 
there have been a number of niche GPGPU 
applications developed in areas such as finance, 
science and medical, we are only just starting 
to see this technology appear in mainstream 
Computer Aided Engineering (CAE) software. 

One of the first CAE vendors to bring a 
GPGPU solution to market is Autodesk with 
Moldflow Insight 2010, an application that 
is used to simulate plastic flow in injection-
moulded components. The technology is 
based on Nvidia’s CUDA parallel processing 
architecture, which harnesses power from the 
company’s high-end Quadro FX and GeForce 
graphics cards, as well as its dedicated Tesla 
GPGPU boards.

Autodesk’s implementation of CUDA inside 
Moldflow Insight 2010 is actually part of a major 
rewrite of the software’s solver code. Prior to 
the 2010 release, Autodesk licensed a single-
threaded technology from Allied Engineering 
for its solver. This meant it could only take 
advantage of a single CPU core (or processor). 

With customer models increasing in 
their complexity, Autodesk was hearing that 
simulations often took too long to complete. 
However, instead of just re-writing its matrix 
solver to take advantage of multiple CPU cores 
(multi-threaded) Autodesk went the whole 
hog and programmed its solver to utilise GPU 
processing at the same time. The new multi-
threaded solver covers two distinct areas of 
analysis - warpage and the prediction of plastic 
flow into a mould. There is no limit to the number 
of CPU cores it can take advantage of but there 
are diminishing returns as you use more. 

Most current high-end dual processor 
workstations feature eight cores (Intel) 
or twelve cores (AMD) and this is likely to 
increase soon. But in addition to all of this 
multi-core processing power, the new solver 
can use the computational resources of a 
CUDA-enabled graphics card, which it treats as 
an additional core.  

Users can specify how many of their 
workstation’s cores they want to use on each 
simulation and a tick box defines whether 
or not GPU acceleration is used. If multiple 
simulations are being run concurrently, the 
system is intelligent enough to dedicate 
specific cores to each job.

GPU acceleration on test
We were extremely interested to find out how 
the new solver code performed with Nvidia’s 
CUDA technology and tested it out using an 
HP Z600 workstation with two Intel Xeon 
(Nehalem) E5530 processors (2.4GHz), 6GB (6 x 
1GB) DDR3 memory, a Quadro FX 4800 (1.5GB) 
graphics card, and Windows Vista Business x64. 

We ran a combination of models on 1, 2, 
4 and 8 CPU cores with GPU acceleration 
enabled and disabled. Starting off with a 
25,000 tetrahedron model (which is very small 
for a plastic flow simulation study) we found 
that there was no benefit when using GPU 
acceleration. This was because the problem was 
too small to benefit from the parallel solver. 

Moving to the other end of the spectrum we 
threw a giant 2.4 million tetrahedron model at 
the workstation and while solves times were cut 
as additional CPU cores and GPU acceleration 
were used, the sheer size of the problem meant 
that both the 6GB system memory and the 1.5GB 
graphics card frame buffer memory were often 
saturated which slowed the whole process down 
and made the testing unreliable.

We settled on a 620k tetrahedron model 
and this gave consistent, repeatable results.  
Solve times reduced as more CPU cores were 
added and GPU acceleration cut the solve times 

 Nvidia Quadro FX 4800: one of the CUDA-enabled 
graphics cards used to accelerate solve times in Moldflow

The importance of CPU 
and GPU memory
As with any simulation application, 
analysis problems in Moldflow Insight 
are limited by the amount of memory 
residing on the workstation. A very rough 
rule of thumb is that for every one million 
tetrahedrons there are in the mesh, 
1GB of memory is required. While the 
workstation’s system RAM can always be 
increased, if you work with particularly 
large models you could quickly find 
yourself running out of GPU memory, 
which is fixed on the graphics card.

Before each analysis starts, the 
software checks to see if there is enough 
memory for it to proceed and if there 
isn’t it will automatically switch over to 
the CPU, rendering the GPU redundant 
as far as its compute capabilities are 
concerned. Further checks are also 
carried during the analysis. 

Because the graphics card is also 
likely to be needed for 3D graphics, the 
software is able to release power as an 
when required so the workstation can still 
be used for 3D modelling at the same time 
as running a simulation. 

 The prediction of 
plastic flow into a mould 
can now be simulated 
using CUDA-enabled 
graphics cards
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further (see Fig 1). The biggest percentage 
decrease came when moving from one to two 
CPU cores and when using GPU acceleration on 
top of a single CPU core. There were diminishing 
returns as more CPU cores were added, both 
with and without GPU acceleration. 

The most interesting discovery came when 
running multiple simulations at the same 
time. Firstly we ran two concurrent 620k 
tetrahedron simulations – one using four CPU 
cores and the second using the other four CPU 
cores with GPU acceleration (see table below). 
It’s interesting to note that the solve times 
were not that much slower than when running 
each simulation on its own.

Next up we ran four concurrent 620k 
tetrahedron simulations - three of them on two 
CPU cores apiece and the other on two CPU 
cores with GPU acceleration. While the solve 
time of each test was slower than if running 
them individually, the cumulative time was 
much quicker than if running each test in serial 
using all available compute resources.

It should be noted that with this test, the 
system memory was very close to its 6GB limit 
and may have reached saturation at times, so 
this may have had an impact on solve times.

We were also interested to see how 3D 
graphics performance was affected when 
running GPU-accelerated simulations and 
carried out some frame rate tests inside a 
CAD application. We experienced a 20-30% 
performance drop in terms of frame rates, 
regardless of whether one or eight CPU cores 
were being used. There was also a similar drop 
in 3D performance when the solver was running 
without GPU acceleration, so we concluded this 
was largely down to a bottleneck occurring in 
the CPU or system memory.

Conclusion 
Autodesk’s implementation of CUDA in 
Moldflow Insight is one of the first in the 
mainstream CAE sector and for this reason alone 
it’s an exciting development. However, because 
multi-core CPUs also work very effectively with 
the new solver code this excitement could easy 
get lost in the mountain of processing power 
available in today’s high-end workstations.

The fact is that Intel’s (Nehalem) Xeon-based 
processors are particularly adept at running 
multi-threaded code due to the memory 
controller being integrated inside the CPU.  
With this in mind those with  workstations 
based on older architectures, such as Core 2 
Duo (for which memory was often a bottleneck 
with multithreaded code) are likely to benefit 
more from GPGPU acceleration.

With many different variables affecting 
performance, finding the combination of 
hardware that offers best price/performance 
will be no easy task, particularly as performance 
varies according to the size and type of the 
simulation. But for those seeking ultimate 
performance, a dual processor workstation with 
plenty of RAM and a high-end CUDA GPU card 
will be first past the post every time.   n 

www.autodesk.com/moldflow 
www.nvidia.com/cuda
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Choosing the right  
CUDA-enabled GPU
Nvidia offers a whole range of  CUDA-
enabled GPU products, but not all are 
compatible with Moldflow Insight. Only 
those with a CUDA compute capability 
of 1.3 can be used and these currently  
include certain Quadro FX (professional 
3D), GeForce (consumer 3D) and Tesla 
(high performance computing) cards.

For Quadro, the compatible cards are 
the FX 1800 (768MB), FX 3800 (1GB), FX 
4800 (1.5GB), FX 5800 (4GB). For GeForce, 
it’s the GTX 260 (896MB), GTX 280 (1GB), 
GTX 285 (1GB), and GTX 295 (1.8GB). 
For Tesla, it’s the C1060 (4GB), but it’s 
important to note that Tesla boards 
are dedicated GPGPU boards and not 
graphics cards, so a standard workstation 
graphics card will also required.

Choosing the card most appropriate 
to your needs depends on many factors 
including performance, on-board 
memory, compatibility and price. 

For performance, the more CUDA 
parallel processing cores the card has, 
the more powerful it is. For example, 
the Quadro FX5800 and Tesla C1060 
both feature 240 cores, making them 
significantly more powerful than the 
Quadro FX1800, which only has 64. 

A large amount of on-board memory is 
required for complex simulations and if 
there is not enough the simulation simply 
won’t run (see page 44 for more info).

For compatibility, it’s important to 
check that your workstation is up to the 
job as high-end GPUs draw lots of power, 
take up additional space and require 
specialist electrical connectors.

In terms of price, top-end Quadro FX 
 cards are very expensive, and these 
could also be overkill as Moldflow itself 
doesn’t have big requirements for 3D 
graphics. For ultimate GPU performance 
money may be best spent on the more 
cost-effective Tesla C1060 card (which is 
virtually identical to the Quadro FX 5800) 
but this will need to be backed up with a 
low cost Quadro FX card for 3D graphics. 

For those on a budget, consumer 
GeForce cards are much cheaper than 
professional Quadro FX cards, and 
while they are not recommended for 3D 
graphics in many CAD applications, they 
are designed to run CUDA applications in 
exactly the same way. The GeForce GTX 
260 is available for around €150, which is a 
lot cheaper than the Quadro FX 1800. 

If a workstation has two compatible 
cards, Moldflow Insight will automatically 
use the one with the most memory.

Concurrent test results

Two concurrent simulations with  
620k tetrahedron model

1. Four CPU cores + GPU = 3,233 secs
2. Four CPU cores = 3,907 secs

Four concurrent simulations with  
620k tetrahedron model

1. Two CPU cores + GPU = 3,861 secs
2. Two CPU cores = 5,790 secs
3. Two CPU cores = 5,795 secs
4. Two  CPU cores = 5,739 secs

●1  Chart showing solve time of 620k tetrahedron model in Moldflow Insight 2010 with and without GPU acceleration 
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Whether its animation, rendering special effects in HD video 
or creative retouching of your digital imagery, the combination 
of Dell Precision™ workstations and ATI FirePro™ professional 
graphics accelerators will help deliver the performance you 
need to let your creative juices flow.

From Precision to Perfection

Discover the pixel-perfect 
accelerator for your application at:
http://ati.amd.com/products/firepro/

Dell recommends Windows VistaTM Business

+ £ ?

Dell PrecisionTM T3500
-  Intel® Xeon® E5506 processor (2.13GHz,4.8GT/s ,4MB Turbo)

 -  Genuine Windows Vista® Business 32Bit SP1

 -  ATI FireProTM V3750 256MB GDDR3 PCIe x16 

 -  3x1024MB DDR3 SDRAM PC1066 ECC

 -  250GB (7,200 RPM) SATA 3.0Gb/s Harddrive

 -  16x DVD+/-RW

 -  3 years Next Business Day Onsite Support

 £   899 Dell SmartValue Code:  W083502 
(excluding VAT)

 £    1150 

Smart Value:
W083506   

(excluding VAT)

+

3DConnexion SpacePilotTM 

© 2009 Dell Inc. Dell, the Dell logo, Ultrasharp and Dell Precision are registered trademarks or trademarks of Dell Inc. Intel, the Intel Inside logo, Pentium, Xeon and Core2 Duo are registered trademarks of Intel Corporation. Microsoft, 
Windows, Windows Vista and Windows XP are registered trade marks of Microsoft Corporation. Other trade marks or trade names may be used in this document to refer to either the entities claiming the marks and names of their 
products. ATI FireGL and ATI FirePro are registered trademark of AMD. Dell disclaims proprietary interest in the marks and names of others. Response times may vary according to the remoteness or accessibility of Product location. Service 
may be provided via telephone or internet where appropriate. Certain restrictions apply. Dell Corporation Limited, Milbanke House, Western Road, Bracknell, Berks, RG12 1RD. Prices excluding VAT and delivery. Monitor not included.

To purchase call Dell on
+44 844 444 3152
or www.dell.co.uk/precision



Specifications: 2 x Intel Xeon E5530 processors 
(2.4GHz), 6GB (6 x 1GB) DDR3 memory, HP 
motherboard (Intel 5520 chipset), 500GB Samsung 
hard drive (7,200RPM), AMD ATI FirePro V5700 
(512MB) graphics card, Windows Vista Business x64 
(with free Windows XP x64 downgrade), three year 
worldwide parts, labour and next business day  
on-site warranty

HP Z600 workstation 
€3,300 (approx)
An incredibly compact and quiet dual CPU 
workstation which innovates in all areas of 
its design, though the low-end CPUs could 
leave many users in no -mans land

The Z600 is the mid-range offering in HP’s 
new workstation family, the Z Series. It’s a dual 
socket machine, meaning it can have up to two 
physical CPUs (each with four cores), but is very 
compact at the same time. It’s also incredibly 
quiet and much of this is down to the impressive 
engineering that has gone into its design.

In addition to the carefully positioned 
fans and ductwork, one of the reasons for the 
excellent acoustics is the power supply, which 
has been completely redesigned from scratch. 
Unlike the standard box types, which have been 
around since desktops began, the Z600’s power 
supply runs the entire length of the chassis, 
taking in cool air at the front and expelling warm 
out of the back. This efficient process means it 
runs cooler so there’s less fan noise.

HP has also paid close attention to 
maintenance and in the unlikely event that the 
power supply should develop a fault it can be 
diagnosed and replaced without having to call 
an engineer out or return the whole machine to 
base. The user simply pulls the supply out by its 
handle, plugs it in to the mains and if there is no 
green light, the fault is confirmed and HP will 
ship out a replacement power supply which can 
be easily installed by the user.

The ease of maintenance is reflected 
throughout the chassis, which is almost tool-
less, bar one cable. A lot of thought has also 
gone into the exterior design of the chassis and 
two handles make it incredibly easy to lift and 
move the machine about. 

In terms of specifications, our review 

machine was kitted out with two Intel Quad-
Core E5530 Xeon processors. Running at 
2.4GHz these moderately specified CPUs are 
not going to set any performance records as far 
as CAD is concerned. However, when we got 
all eight cores working flat out in our 3ds Max 
Design rendering test, the advantage of a dual 
processor set up was clear.

 Obviously higher GHz processors would 
be preferred, as you’d also get better perfor-
mance in single threaded applications like 
Inventor. However, this would bump up the 
price a fair bit and dual processor machines 
don’t come cheap. 

6GB RAM is standard in modern dual 
processor workstations and plenty for average 
CAD users. However, those that work with 
particularly large models, or want to run 
multiple applications or CAE simulations 
concurrently would need to think carefully 
about an upgrade at time of purchase. With 
all six slots taken with 6 x 1GB DIMMs, a later 
upgrade to 12GB would require all the modules 
to be swapped out for 12GB DIMMs. 

All in all the Z600 is a beautiful piece of engi-
neering. It’s one of the most innovative designs 
to have graced this sector in years. However, 
choice of specification is crucial. While many 
other specifications are available, as it stands 
with two 2.4GHz Intel E5530 Xeon proces-
sors, the machine will probably only appeal to 
a niche group of 3D users. While it delivered 
good performance in our 3ds Max rendering 
test, dedicated design visualsation specialists 
are likely to find the mid-range AMD ATI FirePro 
graphics card, coupled with a 2.4GHz processor, 
a little uninspiring. As a result, it’s in the realms 
of Computer Aided Engineering (CAE) - with 
multithreaded CFD and FEA applications the 
likely beneficiaries of its eight processing cores – 
that it should find most interest.  
www.hp.com/workstations

Benchmarks

Graphics (bigger is better) 
3ds Max Design 2010 – 2.7  
Inventor 2010 – 2.6 

CPU (smaller is better)  
3ds Max Design 2010 – 218 secs
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in general it is more important to buy a 
workstation with a high GHz CPU, as opposed 
to one with lots of cores. There are, of course, 
exceptions to this, and processes such as 
simulation, rendering, and other elements 
of CAD software including model can take 
advantage of multiple CPU cores.

To test multi-core CPUs in we use the mental 
ray rendering engine in 3ds Max Design 2010 to 
render a scene in HD. This takes full advantage of 
all of the workstation’s CPU cores, including the 
virtual cores created by Intel’s HyperThreading 
technology. This means a workstation with two 
CPUs is almost exactly twice as fast at rendering 
as a workstation with one identical CPU.

While most simulation software can take 
advantage of multiple CPU cores, they are not 
as efficient at using all the cores as a rendering 
tool and it is all highly dependent on the types of 
simulation and model. This is also true for many 
CAM applications.

Benchmarking workstations 
and what it all means
To help assess the performance of our test 
workstations we have recently updated 
our suite of 3D benchmarks. We only use 
application benchmarks with real engineering 
datasets as these give a much better idea of 
relative performance of hardware. 

For 3D graphics performance we use 3ds 
Max Design 2010 and Inventor 2010. While all 
applications work differently, these give a good 
cross section of the kind of performance you 
can expect from most Autodesk software. 

Both benchmarks run a script that moves 
a 3D model along a set path and measures the 
average number of frames it can display each 
second. The faster the ‘frames per second’, the 
smoother the 3D experience for the end-user. 

When 3D graphics become too jerky it 
becomes very hard to work fluently. To avoid 

this, some applications, including 3ds Max, can 
automatically reduce the level of detail of the 
geometry to a point where consistent frame rates 
can be maintained. However, as the level of detail 
varies according to how powerful the machine is 
we switch this setting off when testing.

While the raw power of the graphics card is 
important for 3D, performance is also governed 
by the speed of the Central Processing Unit 
(CPU). In all 3D applications the faster the GHz 
of the CPU, the faster the graphics performance. 
In some applications in order to boost graphics 
performance it is more important to increase 
the speed of the CPU than to buy a more 
powerful graphics card. An extreme example 
of this is Inventor, whose graphics performance 
is dictated entirely by the speed of the CPU. In 
this respect, our Inventor graphics test could 
actually be considered to be a CPU test.

In terms of CPU, most CAD applications 
only use a single CPU core. This is why 
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              *Image courtesy of Short CGI Ltd
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downside is that if one drive fails all data is lost, 
so a solid backup plan is essential. 

Dell ships its workstations with Intel’s 
HyperThreading (HT) technology switched 
off by default. This is easily turned on in the 
BIOS and remained on for our tests. While 
HT has major benefits for rendering, it may 
actually slow down other applications, so 
check with Autodesk or your reseller for 
recommendations.

With high-end components across the 
board our T3500 test machine is unlikely to 
have mass market appeal but, of course, all of 
these can be stripped back resulting in a much 
more cost-effective and mainstream CAD solu-
tion. The T3500 might not be the most stylish 
of workstations, but it’s well built and quiet 
and another solid machine from Dell.

www.dell.com/precision

Specifications: Intel Xeon X5570 Processor 
(2.93GHz), 12GB (6 x 2GB) DDR3 1333MHz ECC mem-
ory, Dell motherboard , 3 x 160GB Western Digital 
(10,000RPM) VelociRaptor SATA hard drives (RAID 
0), AMD ATI FirePro V8700 (1GB) graphics card,
Windows XP x64 Edition (downgrade from Windows 
Vista business 64-bit), three year basic warranty - 
next business day

Dell Precision T3500 
€4,020
A compact single processor workstation, 
suited to high-end CAD users due to its   
powerful graphics, RAID 0 hard drive system 
and memory speed and capacity

Featuring a single processor the Precision 
T3500 is specifically targeted at CAD users, 
but this particular T3500, with its top 
specification components, has a definite skew 
towards high-end CAD and applications like 
Autodesk Alias. The FirePro V8700 is one of 
the most powerful CAD graphics cards on 
the market and its pedigree is shown in our 
benchmarks, topping the charts in our 3ds 
Max Design 2010 test.

The Dell Precision T3500 features six 
memory slots, all of which are occupied by 
2GB DIMMs running at their top speed of 
1,333MHz thanks to the top-end, but expen-
sive, Intel Xeon X5570 processor. To work with 
this amount of memory - which should be 
plenty for even the most demanding of CAD 
users - a 64-bit operating system is essential 
and the T3500 came custom installed with 
Windows XP Professional  x64 Edition.

The compact chassis is packed with 
technology and while it doesn’t look particularly 
pretty inside it’s clear that a lot of thought has 
gone into the design. There’s a big open space 
for airflow over the CPU and memory, with low 
duty fans pushing air from the front to the back 
of the machine. The end result is an incredibly 
quiet machine, even under load. 

The storage system is high-end in the 
extreme with 3 x 160GB 10,000RPM hard 
drives configured in a RAID 0 array. This means 
that data is spread across all three disks so 
they work together to boost performance. The 

Benchmarks

Graphics (bigger is better) 
3ds Max Design 2010 – 4.8  
Inventor 2010 – 3.4 

CPU (smaller is better)  
3ds Max Design 2010 – 320 secs

Benchmarks

Graphics (bigger is better) 
3ds Max Design 2010 – 4.6  
Inventor 2010 – 4.0

CPU (smaller is better)  
3ds Max Design 
2010 – 308 secs

ThinkStation S20
€2,502 
Solid, well built, high performance  
CAD/CAM workstation, which still offers 
much for simulation and rendering users

Lenovo’s new Nehalem Xeon-based workstation 
lineup comprises the ThinkStation S20 (S for 
single processor) and the ThinkStation D20  
(D for dual processor). While the D20 is likely to 
grab the attention of power hungry simulation 
and rendering specialists, for CAD it’s the S20 
all the way.

For Inventor, a single fast processor is 
optimal and the 3.2GHz Xeon W3570 CPU at 
the heart of this ThinkStation S20 test machine 
is the fastest you can get. The machine is 
incredibly responsive and will make light work of 
most single threaded operations inside Inventor. 
However, there are also three additional cores 
to set to work on analysis and rendering tasks. 
6GB of RAM and Windows XP x64 Edition 
provide plenty of capacity for even the most 
complex of models. 

This high-end computational power is 
backed up with Nvidia’s impressive Quadro 
FX 1800 graphics cards. A high performance 
VelociRaptor hard drive rounds off the spec. 

Of course a workstation is much more than 
its constituent parts, and the ThinkStation S20 
is an excellent machine in its own right. The 
chassis is well built, solid and compact and the 
system runs incredibly quietly even under load.

Interestingly, Lenovo offers Nvidia’s Tesla 
C1060 GPU computing solution as an option 
in the S20. It’s still very early days for this 
technology, which is demonstrated on page 44 
running plastic flow simulation in Moldflow, 
but if your CAE needs really take off in the 
future, this could become a viable way to boost 
computational performance for simulation, 
particularly as the S20 has no room to add a 
second CPU.

All in all, the ThinkStation S20 is an excellent 
workstation for CAD. At €2,502 it’s not 
particularly cheap, but for those without such 
high performance requirements, cutting the 
system RAM to 3GB and going down a notch or 
two on the CPU can take make this much more 
attractive to those on a budget.
www.lenovo.com/thinkstation

Specifications: Intel Xeon W3570 (3.2Ghz) processor, 
6GB (3 x 2Gb) DDR3 (1333Mhz) memory, Intel X58 
Express Chipset Mainboard, 150Gb 10,000RPM 
Western Digital hard drive (VelociRaptor), Nvidia 
Quadro FX 1800 graphics (768MB), Microsoft 
Windows XP x64 Edition (or Windows Vista business 
64-bit), three year limited onsite warranty
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Al Dean takes look at three books that have caught the attention of the  
Experience Manufacturing team in recent months, including a tutorial-based  
guide to simulation and one for structural packaging design.

Up and Running with  
Autodesk Inventor  
Simulation 2010

Wasim Younis

352 pages. ISBN-13: 978-1856176941

Written by 
Experience 

Manufacturing 
columnist, Wasim 
Younis, this hefty 
tome gives readers 
a kick start into 
the simulation 
tools now available 
within Inventor. It 
starts with the fundamental theory that 
underlies simulation technology, then helps 
the reader ensure that 3D assembly models 
are constrained in a manner appropriate 
for simulation and that studies are correctly 
defined.

Split into two parts, the book first deals with 
the use of Inventor Simulation for dynamic 
simulation of moving assemblies, and then 
moves into structural analysis. Through a series 
of examples and tutorials, the reader is guided 
through the workings of the system, how to 
evaluate results and how the visualisation tools 
can be used to document them and help in 
decision making. 

Unlike many other software manuals and 
tutorial guides, the book is presented in full 
colour, which means it’s particularly adept at 
illustrating simulation results. The tutorial files 
are also downloadable from the companion 
website, which means you don’t have to waste 
time hunting for that inevitably lost CD.

Process: 50 Product  
Designs from Concept  
to Manufacture

Jennifer Hudson

240 pages. ISBN-13: 978-1856695411

Designers and 
engineers are a 

curious bunch, and this 
is illustrated perfectly 
in this presentation 
of 50 diverse products 
showing how they’ve 
been developed from 
concept to manufacture. 
Projects include those 
from the big names in 
design, such as Ron Arad, through to Yves 
Behar's Jawbone Bluetooth headset, the One 
Laptop Per Child project plus a myriad of chair 
and lighting designs. 

Each project is presented in detail and 
includes conceptual sketches, design 
refinement, prototyping, and actual 
production, the latter of which we found 
particularly interesting. In many cases 
manufacturing is still a black art and while we 
may use a product day in, day out, we can never 
be entirely aware of how its manufactured and 
brought to market. Jennifer Hudson opens the 
black box and shows the internal workings of 
the design to production process, each stage 
detailed and discussed. 

While the content is unashamedly focussed 
on the high-end of the design market, the true 
value of the book is through finding inspiration 
and perhaps a new manufacturing process that 
you hadn't yet considered.

Designing Sustainable  
Packaging

Scott Boylston

192 pages. ISBN-13: 978-1856695978

If you throw a bunch 
of engineers and 

designers into a room 
and add a whole 
load of packaging 
they are certain to 
be intrigued by how 
these things are 
constructed. There's 
something of the 
Rubik’s Cube about good structural packaging 
design that makes it addictive.

Scott Boylston's book introduces the core 
concepts of packaging design, how it can be 
developed for practical purposes, be used 
to enhance sales and brand recognition, and 
made sustainable. While there's a certain 
perverseness in talking about packaging and 
sustainability, through discussion and examples, 
the book shows that environmental and social 
needs can be rationalised against the need to 
promote a product. 

The last section of the book features tutorials 
that will require you to get out the old Xacto 
knife and cutting mat and dive in. This not only 
helps illustrate intelligent design, but also shows 
how assembly and disassembly can affect the 
'sustainable' values of packaging. Even if you're 
not involved in packaging design, there is much 
value in this book, particularly in the sections 
devoted to how to approach sustainability and 
refocus your thinking. Lessons learnt here can be 
applied to much more than boxes and containers.

starts with the fundamental theory that 
Rubik’s Cube about good structural packaging 

Reading material
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create – Using Autodesk® 
Inventor® software, ULVAC 
created a complete digital 
prototype that could quickly 
integrate all of their customers’ 
requests.

test – ULVAC was able to 
predict real-world performance 
of the design, helping to 
ensure in advance that the 
equipment would work when 
it was built.

document – Any graphic 
revision made to the 3D 
model was reflected in the 
documentation, saving 
ULVAC time and resources.

Image courtesy of ULVAC.

autodesk.co.uk/ulvac

HOW DIGITAL PROTOTYPING 
ALLOWED ULVAC TO RESPOND TO 
NUMEROUS CUSTOMER CHANGES.

Autodesk, Autodesk Inventor and Inventor are registered trademarks or trademarks of Autodesk, Inc. in the USA and/or other countries. All other brand names, product names or trademarks belong to their 
respective holders. Autodesk reserves the right to alter product offerings and specifi cations at anytime without notice and is not responsible for typographical or graphical errors that may appear in this document. 
© 2009 Autodesk, Inc. All rights reserved.     
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