
The challenges of complex shape 
design are manyfold - and as 
more design and engineering 
organisations incorporate 
complex shapes into a wider 

variety of products, they’re facing these 
challenges with increasing frequency.

Take even the most unassuming product - the 
forklift truck. In the past, these warehouse 
work horses were designed and engineered 
for pure function: Their ability to shift specific 
loads and masses, manoeuvrability, charge 
time or fuel consumption.

Sheet metal and basic plastic forming were 
used to cover the key mechanical components 
and to provide the required protection for 
operator safety. 

Today’s forklifts still retain these 
requirements in terms of performance and 
functionality. But with greater competition 
and a desire from the customer for more 
performance and lower cost of ownership, 
pure functionality-driven design does not 
suffice any longer.

Companies in the field are continuing their 
engineering innovation, but also bringing to 
market products which give a much greater 
sense of aesthetic quality - certainly 
not typical of the industrial equipment 
marketplace. But why?
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Shape as a differentiator
In many cases, the 
need for greater design 
aesthetic consideration in 
functional products is driven by the need 
for differentiation in crowded and highly 
competitive markets.

Again taking the humble 
forklift truck as 
an example, when 
customers are looking 
to equip their facilities and 
invest in new equipment, they’re faced with a 
vast array of options. 

When price, features, and function for a 
number of products has reached parity, where 
does that customer put their investment?

Today’s customers will defer to the more 
attractive product, that which presents a more 
attractive image to visitors and gives them 
a greater sense of pride of ownership and 
professionalism. 

This is as true of industrial machinery as it 
is of the automobile, the kitchen appliance or 
the cellular telephone. 

Today, good design wins.

A new challenge for design
This new found passion for design presents 
many challenges in the design process for 
companies looking to differentiate their 
products. 

With margins tight and delivery schedules 
already squeezed to a maximum, introducing 
new processes and learning new tools means 
delays, inefficiencies and many new hurdles 

for the designer or 
engineer.

Traditional surfacing methods
The key challenge that many designers and 
engineers will first face is learning new tools 
to create more complex shapes; whether 
created using solid modelling approaches or 
explicit freeform surfaces.

In fact, the assumption that every 3D design 
system supports such practices would be a 
mistake. And one often learned just when 
those tools are needed.
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Corkscrews have 
developed from a 
purely functional 
item to a complex 
mechanism, often 
designed for display 
as well as purpose
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Basic form: Built using sheet 
forms, requiring little input for 
design. Easy to create. Easy to 
edit.

Intermediary form: More 
complex forms using solid 
modelling techniques and 
automated features

Complex shape: Multiple surfaces 
with control point edits and 
curvature continuous blend 
conditions
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When design software does provide surface 
modelling capability, these tools often come 
with a much longer learning curve compared 
to prismatic solid modelling. The requirement 
for complex curve network creation and 
editing, surface creation, trimming and 
blending make these tools difficult to learn.

These are often brand new techniques 
for inexperienced users and are key to the 
creation of ‘good’ surfaces in traditional 
systems. For those experienced with 
predominantly solid-based modelling 
methods, the requirement to explore complex 
forms represents quite a daunting task.

Easing transitions
One of the most difficult subjects to master 
is in creating transition or blend surfaces 
between larger surface forms. It’s here that 
the black art is found, where mathematic 
requirement for curvature continuity or 
the establishment of hard breaks between 
surfaces are played out and traded off to 
achieve the look required. And it’s often a 
manual process, without the intelligence of 
parametric modelling tools.

Whereas with solid modelling, extrusions, 
lofts, sweeps and rounds are used in an 
automated fashion, in the surfacing world, 
greater care needs to be taken to ensure 
high quality surfaces that capture aesthetic 
requirements.

Accommodating design change
While what we’ve described are 
the basics of creation of 
the complex 
geometry, another 
challenges rears 

its head when it comes to design change 
and modification. Considering that the 
relationships between surface forms are often 
separate geometric items, in some cases, with 
design intent captured, design change can 
prove a real bottleneck in the design process.

Then consider that those same surface forms 
created for the exterior of a product also 
have a direct relationship to both the interior 
surfaces and engineering and production 
features. Then the headache starts to become 
truly monumental. 

A single edit to a set of surfaces can cause 
dozens if not hundreds of features to update in 
most history-based modelling systems - often 
without the associative intelligence associated 
with solid-based modelling techniques. How 
often is a design change avoided because 
of the repercussions of implementing that 
change in the CAD system?

Light at the end of the (curvy) tunnel
When designers are tasked with not only 
performing their current tasks, but also having 
to up-skill and learn new areas of their current 
software, delays are inevitable. After all, in 
today’s competitive environment, training 
budgets and additional time for learning are 
scarce and they need to fit in around existing 
workloads.

The good news is that not all design software 
requires this extensive learning curve. New 
technologies coming on-stream now mean 

that complex, freeform surfaces can 
be built using familiar, easy to use 

methods, but just as importantly, 
can then be edited 

when needed and 
ultimately be reused 

downstream.
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