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1. INTRODUCTION

New technologies are being developed and are, many of them, already used on footwear manufacturing
processes. Agility and productivity are the main objectives but also sustainability and the shortening of all the
footwear manufacturing process from prototyping to expedition. 14.0 principles are essential to achieve the
best integration of information with manufacturing technologies and processes.

Although is still a labour-intensive industry, the improvement of the production process technologies is
increasing. New technologies are used from design, prototyping to cutting, stitching, assembly, and finishing.
It is expected to reduce the dependence on labour and operational skills and with that to have manufacturing
and consumer closer. New manufacturing technologies search for agility and productivity, that means to
produce diversity of products with short lead times and high productivity.

Industry 4.0 is a journey towards a complete value chain transformation driven by
new technologies and new collaborative business models
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Figure 1. i4.0 scheme. Source: PwC

The main pillars supporting i4.0 are:

= Cyber-physical systems (CPS) connecting the physical and virtual worlds, such as the physical shop
floor and the computational virtual space, allowing real time management of autonomous production
processes.

= Internet of things (IoT) inter-connecting machines with embedded electronics, sensors, actuators, and
network connectivity allowing these devices to collect and exchange data.
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= Internet of services (loS) letting companies offer their services online, such as, but not limited to,
virtual showrooms and design based on augmented reality.

Nowadays, shoe industry may be considered almost all over the world one of the most developed industries
concerning the technological content. New technologies and processes are being developed and used in
different domains, since prototyping, cutting, stitching and assembly.

Automatic cutting Automatic stitching Direct injection assembly

Figure 2. Automatic cutting, automatic stitching, direct injection assembly

2. INTEGRATING NEW SOLUTIONS AND TECHNOLOGIES IN FOOTWEAR
PROCESSES

Nowadays, viewed as the fourth industrial revolution, it embodies the organization and production processes
supporting the full digitalization of the manufacturing industries. Real time communication between devices
is key, as well as between different factories, and companies and clients.

The implementation of the concepts of i4.0 will result in “smart factories”.

The use of new footwear manufacturing technologies and it’s integration with other digital systems will result
in the implementation of “smart factories”.

Most technologies available for footwear industry can be included in the following groups: Cyber-physical
Systems, automatization and robotic, Flexible manufacturing and customization, Footwear Sensorization,
Virtual reality, 3D printing and digital prototyping, Co-design. loT, Cloud computing.
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Figure 3. Cobot. Source: CTCP

The new footwear manufacturing technologies are now prepared to interact with other systems. Smart
manufacturing — or the use of emerging, advanced technologies to increase the efficiency of traditional
manufacturing processes — is creating a more agile and productive industrial base.
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Figure 4. Landscape of the footwear stitching manufacturing plant. Source: CTCP

Modern footwear manufacturing technologies are now available to support the gradual implementation of
14.0 concepts:

Machine to machine communication for autonomous production allowing the use of advanced
robotics;

Advanced human-machine interface for collaboration between human and machines in a safe and
productive environment;

Data mining for the analysis of the large amount of data collected for advanced decision making based
on real-time data and predictive analysis;

Enterprise resource planning (ERP) and business intelligence based on interconnected and controlled
production processes;

Smart factories where everything is connected supported on CPS, loT and cloud computing.
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Figure 5. i4.0 integrated systems. Source: https://medium.com/@billsoftnet/industry-4-0-and-
manufacturing-processes-856567fcb59

3. NEW TECHNOLOGIES FROM PROTOTYPING, CUTTING TO FINISHING

3.1. Prototyping

Digital prototyping is a technology that permits to develop the first prototypes in a quick and feasible way
avoiding the need, in many situations, to manufacture a physical prototype. There are several solutions in the
market permitting afterwards the connection through CAD 3D to the industrial development of the product.
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Figure 6. Source: https://www.mindtech.pt/images/solutions/viewer/mindCAD-viewer.jpg

3.2. Prototyping — Additive Manufacturing

Additive manufacturing or 3D printing is a new technology used in development of components for
prototyping. The production of prototypes of pre moulded soles by 3D printing technology accelerates this
process and avoids the cost of development and production of a first prototype mould. Actually, it is possible
to produce soles in materials used in current production like TPU. Additive manufacturing can be used in other
domains like, for instance, production of lasts for orthopaedic shoes.

Figure 7. Printing a footwear sole. Source: CTCP
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3.3. Additive Manufacturing

Figure 8. 3D printing pair of shoes.

It's already possible to get a pair of 3D printed shoes made with a 3D printing technology. There are several
brands focused essentially in the production of 3D printed footwear. This technology has limitations in the use
of the more traditional footwear materials, but the use of different materials permit the development and
production of customized shoes, besides the potential advantages in the use of principles of circular economy.

3.4. Automatic Cutting Machines — Semi automatic process

In the semi-automatic process, the placement of the model parts is performed virtually on top of the leather,
after it has been placed in the cutting machine, and it is not necessary to digitize it previously. The cutting
machine then allows the operator to project the parts onto the leather and place them in the places he finds
most convenient. In the end it is enough to order the machine to cut. In this case the experience of the
operator is decisive for the best use of the leather. At present, the most used automatic cutting machines have
different processes for cutting the materials: by knife or by water jet.
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Figure 9. Automatic Cutting Machines — Semi automatic process

3.5. Automatic Cutting Machines — Automatic process

In the fully automatic process, all the leathers that are to be cut are scanned, that is, its contour and type of
defects is reproduced in the computer, the parts of the model are

placed automatically and then it is just to put the leather in the cutting machine and start the cutting process.
This process can also be used with other materials being simplified if the material is regular with no defects.

Figure 10. Automatic Cutting Machines — fully automatic process

RALA Co-funded by the
LN Erasmus+ Programme
B of the European Union

10



SHOEDES — New footwear designer qualifications for sustainable products that comply with
E b the emerging demands of circular economy
2021-1-TRO1-KA220-VET-000028186

SH
7D

N
E

3.6. Automatic Stitching Machines

Modern stitching machines can automatically perform tasks that are repetitive and that incorporate most of
the time needed to produce a pair of uppers. Some benefits of using automatic sewing machines:

= For example, a worker can operate two sewing units at the same time, which is a great labor saving;

= Reproductive stitching process brings constant conformity;

=  When used in long time traditional stitching operations can bring a significative reduction of time and
costs;

= The formation of tight stitches in a constant and uniform way. We always obtain the same strength in
the seam and the same appearance;

Figure 11. Stitching Machines

3.7. New upper processes — Knitted uppers

In recent years the use of new materials and processes permitted the development and production of new
products. Knitted footwear started to be used in sports shoes and gradually was transferred to fashion shoes.
The technology is based in loom machines adapted to produce uppers. In this way the traditional process of
upper stitching can be reduced or even eliminated.
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3.8.

Figure 12. Knitting technology

Lasting technologies

The technique of double-lasting operation is used in cemented lasting system. New technologies have been
developed in recent years with more flexible and productive machines processes. The developments are
mainly dedicated to cemented lasting system. The lasting process made in two steps, is programable for

different lasts assuring a quicker set up, when lasts are changed, and a lasting process less dependable from
worker's skills.
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Figure 10. Lasting machines

3.9. Assembling technologies

Roughing and applying adhesive has a significant impact on the strength of the adhesive connection. New
technologies include the use of CNC machines and robots to make these two operations. The advantage of
this technique is cost-effective and uniform roughing and application of adhesive and the good anchoring at
the surface of the materials to be bonded. When included in conveyors the use of robots can turn this
process completely automatic without the need of skilled workers. More flexible, reproducible and
productive process can be achieved in the adequate manufacturing process and product.
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Figure 11. Roughing and gluing

Innovation and flexibility are being introduced in direct injection. In this process the upper is dressed in the
aluminium last of the injection machine, and it is then submitted the TPR, PVC or PU direct injection. Recent
new developments brought additional flexibility to this process with capacity of using different colours and
densities and the capacity to match well with knitted uppers. This combination permits the production of
footwear in a more capital-intensive way.

Figure 12. Multi Section Injection. Light blue is more durable, dark blue is more flexible

A molten material, normally a polymer, is forced into the cavity of a mould. This is managed because of the
high speed and pressure making the material react and solidify directly in the mould. Normally, but depending
on the material, a high mixing speed of the injection material results in a better grain structure and better
physical properties. Normally the screw, controlling the mixing speed, in the injection process rotates at
around 18000 rpm. When the material solidifies in the mould it takes the desired shape and is removed from
the mould.
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In the footwear industry, focusing on assembled shoes, it’s commonly used in a “direct moulding on” process.
With this, finished shoe uppers are firstly prepared by dressing a last mould. Surrounding this last mould
another two-piece mould with cavity for the outsole is encapsulating the full upper. This two-piece mould
includes an injection point where the molten material creating the outsole will be pushed through. When the
material cools down it attaches to the upper creating a strong bond. Robots can be integrated in the process

making it highly productive and less dependent on worker’s skills. It’s use is widespread in sports footwear,
security footwear but also, each times more in casual footwear.

Figure 12. Direct Injection production line
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