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For a long time, all shoes of a model series were the same. The only exceptions were 
expensive, tailor-made special models for elite athletes. Now there is new innovation 
potential for shoe manufacturers: 3D printing from voxeljet enables the production of 
tailor-made shoes that could even offer consumers performance and comfort enhan-
cing functions. Additive manufacturing processes, such as voxeljet‘s High Speed Sin-
tering, pave the way for the additive shoe production of tomorrow through customized 
production and material development.

The fact that such custom-made shoes can take individual foot shapes, body weights 
and stride lengths into account also offer a particular benefit for end-customers. 

From the manufacturer‘s point of view, however, it is not just the customer benefits 
that speak in favour of the High Speed Sintering (HSS) process. With HSS, almost all 
production parameters can be adjusted in order to enable more economical, faster, 
more environmentally friendly manufacturing processes and at the same time enable 
the tailoring of the process to different materials.

Hardly any product manager from the manufacturing industry is currently able to avo-
id the hype topic of „Lattice Structures“. These are abstract, CAD-generated grid de-
signs that take nature as a model. These designs give products maximum stability 
and durability and create enormous material and weight savings. No wonder, then, 
that even market-leading sports shoe manufacturers have a great interest in additive 
manufacturing processes. With 3D-printed lattice structures, production costs can be 
reduced and, thanks to material savings, the manufacturing process also protects the 
environment. Non-sintered plastic can, depending on the process and material, be 
recycled and fed back into the production process.

Various shoe manufacturers are already working with 3D printing techniques in the 
production of midsoles or other shoe components such as insoles. Liquid resin-pro-
cessing additive technologies are common methods in which the areas to be sintered 
are selectively exposed to light and thus hardened. Although these methods offer the 
possibility of printing waterproof shoe components with fine details and good surface 
properties, the processed materials and thus the printed parts themselves are com-
paratively heavy. 

Another additive manufacturing technique is Fused Filament Fabrication (FFF). In this 
method, a layer of molten plastic filament is applied as a strand and glued. The ad-
vantage of high-speed sintering is the higher production speed, material diversity, 
constant layer times and thus easier thermal management and geometric freedom. In 
contrast to the FFF, the HSS does not require support structures to stabilize the prin-
ted components. The unprinted powder supports the components in the job box. This 
allows full utilization of the HSS job box.

The advance of 3D printing technologies in the footwear 
industry

Die Vorteile im Überblick

voxeljet High Speed Sintering: 
Polymer 3D printing for customized shoe components
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HSS process and greyscale printing: How it works

HSS greyscale from voxeljet is a 3D printing process for the creation of three-dimensi-
onal parts with variable target properties. The material properties of the body produ-
ced can be individually influenced in all three dimensions. Such properties could be the 
mechanical strength or elasticity and material density and thus weight and center of 
gravity of the 3D printed object. The big advantage: these varying material properties 
are not visible in the later component.

In the HSS process, a thin layer of plastic powder, such as TPU, EVA or TPE is applied 
to a heated building platform. Subsequently, an inkjet print head moves across the 
platform and selectively applies an infrared light-absorbing ink to areas of the buil-
ding area. Once completed, an infra-red light radiates onto the construction platform. 
The printed areas of the plastic powder absorb the heat, which causes them to sinter 
with the underlying layers. After the sintering process is complete, the construction 
platform is lowered by one layer thickness, and the next layer of plastic powder is 
applied and printed. This process is repeated until the construction of, for example, a 
midsole, is completed. Subsequently, the entire construction space with the sintered 
parts cools down either inside or outside the printing system. Finally, the shoe sole can 
be removed from the surrounding powder and further processed. Due to the selective 
temperature input, the unprinted powder remains loose and can be reused for further 
printing processes, depending on the material used.

The grey value, greyscale or grey level indicates the amount of ink printed into the 
powder. Depending on the material used, up to six different grey levels can be printed 
into the powder material. The inkjet printheads are controlled via bitmaps. Since the 
printhead controls the amount of infrared-absorbing ink in the HSS process, the drop 
size of the absorber and thus the grey value per volume can be changed.

The darker the grey tone, the more thermal energy can be absorbed by the printed 

Most additive processes operate geometry-oriented; they produce honeycomb or other 
bionic lattice structures for the different stress zones in the shoe. As a result, the wall 
thicknesses of the structures, for example, must become thicker in order to obtain a 
greater degree of stability. The HSS process, on the other hand, works with a variable 
ink input, which allows different material properties such as strength or rigidity within 
a lattice structure but also in solid material. Different amounts of infrared (IR) absor-
bing ink can be imprinted on the stressed areas of a shoe sole. The component obtains 
a higher strength at this point during the sintering process. As a further alternative, as 
with all additive manufacturing processes, with HSS, you can also work with lattice 
structures to achieve different degrees of strengths on top. With voxeljet‘s HSS grays-
cale printing, shoe manufacturers can optimize individual sectors of the 3D-printed 
shoe component for specific loads in terms of wearing comfort, stability and elasticity.
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Technical specifications of greyscale printing

material from the IR lamp. This not only gives the sole its three-dimensional shape, 
but also allows three-dimensional mechanical properties to be added and integrated 
at the same time.
Furthermore, the grayscale can be combined with dithering (simulation of actually 
non-existent intermediate steps via certain pixel arrangements / rasterizations). This 
allows even finer adjustment of the absorption coefficient, the energy input and thus 
the effective temperature of the powder material, which has a further influence on the 
material properties.

›	 Different degrees of hardness printable via ink input

›	 Up to 6 grey levels possible

›	 Greyscales variable regarding energy absorption depending on the material

›	 Better edge sharpness compared to dithering

›	 High level of detail

›	 Higher part strength than sole dithering

›	 Further combinations possible with dithering for even more variation

›	 Smoother surfaces

Dithering Greylevel 
printing

Dithering Greylevel 
printing

absorber volume
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Open source enables free customization to material 
requirements

For HSS, voxeljet relies on an open source software ProPrint for controlling its 3D 
printing systems. The highlight of the open source solution: Customers can freely cu-
stomize all print parameters for their own material requirements. ProPrint and the 
integrated voxeljet data analysis tool Vamos, for example, allow free control of the 
temperature entry with which the printed powder is to melt. Layer thickness, ink trans-
fer and general process sequences are also freely adjustable.

The young technology of 3D printing expert voxeljet has great potential for the shoe 
industry to reinvent the shoe. Material diversity, resource conservation, lightweight 
construction, customisation and performance enhancement for end customers are just 
a few of the potential benefits.
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voxeljet AG    
Paul-Lenz-Straße 1a    
86316 Friedberg     
Germany     
Tel +49 821 74 83-100     
Fax +49 821 74 83-111     
info@voxeljet.com     
www.voxeljet.com

Warranty/Disclaimer: The performance characteristics of these products may vary according to every individual case. voxeljet assumes no liability for the actual marketability of the products, 
as well as for the applicability of the products in individual cases. ©voxeljet. All rights reserved. The designations voxeljet, VX200, VX500, VX1000, VX2000 and VX4000 are registered trade-
marks of voxeljet AG. Specifications subject to change without notice. Validity: 03/2021. voxeljet is ISO 9001 - certified.
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