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Development of shoe sole prototypes 
using 3D printing

Sector: Consumer goods
Challenge: Additive manufacturing and 3D 
printing versus traditional milling with CNC to 
develop industrial prototypes of shoe soles.

CHALLENGE
Manufacturing shoe sole prototypes has been a significant 
challenge for the footwear industry throughout its history. 
Soles require a large amount of modelling work if they 
are handcrafted. 

Nowadays, CAD systems streamline this process and 
are the alternative to CNC machines used in traditional 
manufacturing, since they are capable of manufacturing 
a variety of soles, although with certain limitations.

The inclusion of 3D printing technology has changed this 
work paradigm, although 3D designs of a geometric 
model for 3D printing require considering certain 
factors that enable direct manufacture in these types of 
machines. The CAD designer must generate prototypes 
that meet a series of design requirements to ensure 
efficient 3D printing.

Solution: 3D printing uses as a more efficient 
alternative to manufacture sole prototypes, 
thereby reducing costs and time.
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ADVANTAGES 
This paradigm change from subtractive to additive 
manufacturing and the use of 3D printing to generate 
prototypes and for subsequent manufacturing is a 
substantial improvement in development times for new 
sole models.

A few years ago, it would have been impossible to 
imagine a paper sole that would become a physical sole 
in a matter of hours. Designers can now see the final sole 
assembled with the rest of the shoe (clothed shoe tree) 
and decide what the final result should look like. 

With the traditional method, these operations could take 
days or weeks.

At the speed at which 3D printing is advancing, it would 
be no surprise to see technologies in a few years that 
make it possible to print soles for immediate use in 
footwear. 

3D printing is one of the technologies encased in what is 
known as Industry 4.0 that has a greater direct effect on 
the footwear industry. 

Some of the primary advantages of additive 
manufacturing are as follows:

•  Less time-to-market: projects can be developed faster 
than at any other time. Printing a 3D design on the
same day it was generated reduces the development
process, which previously took days or months.

•  Cost savings: prototype injection moulding machines
and production processes involve very large
investments. The additive manufacturing process
makes it possible to make parts at less cost than
traditional machining, since the price of some 3D
printers is quite reasonable, especially those based on
FDM.

•  Less designing uncertainty: the ability to verify
the design before investing in injection mould
manufacturing. It is much more economical to print
a 3D prototype than to redesign or alter an existing
mould.

•  Flexibility and creativity: the ability to develop
ideas and quickly decide what works and what
does not accelerates the R&D process and leads to
ideal solutions. Additive manufacturing also allows
engineers or product managers to make quick
progress at the initial stages of product development.

SOLUTION
INESCOP has developed a series of software tools that 
enable 3D design of shoe soles and optimise development 
times.

These tools have been included in both ICad3d+ shoe 
design software and ICad3dp sole design software. 
These programs are very simple and user-friendly and 
can be used to generates many types of soles. The results 
must be able to be exported so the range of 3D printers 
on the market can print them without committing errors.

This has been achieved by developing a special type of 
tessellation (converting surfaces into geometric meshes) 
that generate Delaunay triangles, which guarantee that 
all the triangles are perfectly shaped for printing. For 
printers not to detect errors, the geometry has to follow 
certain simple rules: all the models must be solid, all the 
objects must have their normals facing the exterior and 
no gaps must appear anywhere on the object.

ICad3d+ and ICad3dp support these functionalities for 
the generation of polygonal meshes suitable for 3D 
printing and are both easy to work with and efficient.  

A summary of current printing technologies that allow 3D 
printing of these “perfect” geometrical shapes “suitable” 
for 3D is found below:

•  SLA (Stereolithography): this uses a light source, UV
laser or projector to cure the liquid resin into hardened
plastic.

•  FDM (Fused Deposition Modelling): this 3D printing
technique consists in depositing flat overlying layers of
fused material to obtain an object with volume.

•  SLS (Selective Laser Sintering): similar to SLA, except
that instead of using a laser to solidify the liquid, this
technology uses a more powerful laser to sinter plastic
powder.

•  Polyjet: similar to ink jet printing but instead of injecting
drops of ink on paper, it injects layers of photopolymer
liquid that can be cured in a building tray.

•  Jet Fusion: a powder-based technology that does not
use laser. A fusing agent is sprayed on areas where
material has to solidify and light is used to solidify the
layer.


