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Abstract: The composites industry is present in practically all industrial sectors with an annual
growth rate of 5%. Its contribution to the priority “light-weighting” driver in the transport sector is
key. The efficiency of the industry is made possible by the evolution of manufacturing processes that
also improve the performance of the products obtained. For example, out-of-autoclave (OOA)
processes can obtain high-performance composites such as those obtained by the autoclave process
at lower costs. A key aspect in the development of this type of process is the preforming of
continuous fibre reinforcements, which can achieve high fibre percentages while facilitating
processing. Manufacturing these preforms currently requires multiple steps, equipment and tooling.
TECNALIA’s work developing the ADDICOMP technology, an alternative preform manufacturing
method using an additive process based on Fused Deposition Modelling (FDM) is detailed in this
article. This development is patented by Tecnalia and was conducted in 2 phases: (a) development of
continuous fibre filaments coated with polymeric material and printable by FDM and (b) fine-tuning
of FDM technology to print filaments with a very high content of continuous fibre.
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1. Introduction

An analysis of the scope of the composites industry from a global point of view shows that
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composites are present in practically all industrial sectors. Frédérique Mutel, President and CEO
(Chief Executive Officer) of JEC Group (Journées Européennes des Composites Group) stated in his
opening speech of the XXIII Technical conference, organized by the Spanish Plastics Center (CEP:
Centro Espafiol de plasicos) as part of the Automobile Barcelona show in 2018 that “composites are
growing continuously (around 5% per year) and in very heterogeneous industries, in fact, at JEC
Group we have positioned our offer in 40 sectors” [1]. This statement points mainly to transport,
aeronautics, wind power, energy and construction, which account for 75% of the market for these
materials. This growth is expected to continue in the coming years, as supported by several market
studies and highlighted in Figure 1.

Global Fiber Reinforced Composites Market

USD 131.6billion

USDr 84.5 billion

2019 2027

Figure 1. Estimated growth of the composites market in the coming years [2].

Each industrial sector consumes composite materials in different ways, but what these sectors
share is that their use is driven by the excellent specific mechanical, stiffness, durability, and
undoubtedly light weight properties of these materials, making them indispensable in numerous
applications. While the materials, processes and costs of aerospace manufacturing have little in
common with the materials, processes and costs in recreational boat building or the automotive
sector, the wide variety of available reinforcement types, matrices, processing technologies, and
post-processing means solutions can be found to satisfy each user.

Despite the enormous diversity, there are some general trends shaping today’s composites
industry that should be considered: process automation aimed at increasing production volumes and
reducing costs; the development of out-of-autoclave (OOA) processes such as resin infusion, resin
transfer moulding (RTM) and thermoplastic processing as a competitive alternative for the
production of high-performance composites; the increased consumption of thermoplastics arising
from the use of OOA processes, and given their ease of handling and storage, automation capability,
and recyclability; industry 4.0 for composites: the complete digitization of the manufacturing process
from design to simulation, manufacturing simulation, troubleshooting, part tracking, and more. All
these trends are leading to the development of thinking machines in the next-generation composites
manufacturing environment. Lastly, the irruption of additive manufacturing, or rapid prototyping as
it was initially called, is also impacting today’s composite industry [3]. Additive manufacturing has
been around for almost 40 years, beginning with the development of stereolithography technology
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used mainly for prototyping. Since then, it has evolved dramatically, resulting in the emergence of a
wide variety of techniques using different materials [4]. Some of the advantages offered by additive
manufacturing compared to traditional manufacturing processes are truly ground-breaking, such as
the broad freedom of design, the possibility of manufacturing parts with complex shapes used to
produce components that would be impossible to obtain through other manufacturing processes, and
the feasibility of manufacturing parts without the need for a mould. Its disadvantages also
differentiate it from other manufacturing processes [5]. The layer-by-layer deposition of the material
prevents high mechanical properties from being obtained, generally creating structures that are not
very compact and highly porous. Post-processes or the combination of traditional manufacturing
processes with additive manufacturing are required to obtain components and final parts with
satisfactory mechanical properties. This is the case of high-performance composites [6].

1.1. Additive manufacturing in the world of composites

Several technologies such as Selective Laser Sintering (SLS), Stereolithography (SLA), and
Fused Deposition modelling (FDM) have been used to address the additive manufacturing of plastic
or reinforced plastic parts for years. Among these technologies, FDM technology is the most widely
used in this materials field. In addition to printing polymeric materials and loaded polymeric
materials, FDM is capable of printing polymers loaded with short reinforcement fibres, generally
carbon. While this improves the properties of the final part, it cannot compete in the composite
world [7]. The great challenge faced by this technology is to be able to print polymer/long
continuous fibre in such a way that components with properties like those obtained by traditional
composite manufacturing processes can be obtained. It would be impossible to tackle this challenge
exclusively with additive manufacturing due to the lack of compaction inherent in the technology
itself and the difficulty of incorporating adequate compaction pressure into the processes.

There have been continuous developments in these technologies since Markforged introduced
the first 3D printer capable of printing polymer-based structures with continuous long fibre to the
market in 2013, and the ways to accomplish the required integration and printing are varied [8,9].

These technologies offer the possibility of manufacturing complex shapes, generate savings as
the use of moulds is not required and do not generate waste. However, despite the enormous
possibilities, none of them can be used to obtain components with good mechanical properties
because the content of fibre obtained directly inside of the Additve Process is low (<30%) and the
content of voids is high. Post-processing or hybrid processing techniques (i.e., processing techniques
that combine additive manufacturing with conventional composite manufacturing processes) are
required to obtain final parts with such propertieswhere the fibre content is high (60%—-70%) and the
voids content is low (<1%), similar to the traditional composites manufacturing processes [9].

1.2. Preforming technology

The most important characteristic of high-performance composites is their high fibre content.
For example, a high-performance carbon fibre-based composite applicable to sectors such as
aerospace contains a fibre percentage of around 65% by volume. This very high percentage is easily
achievable by processes such as autoclave, using the applicable pressure and optimized materials.

In alternative processes, such as liquid processes (resin infusion, Resin Transfer Moulding
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(RTM), High Pressure Resin Transfer Moulding (HPRTM), this high percentage of fibre is
achievable using preforms as an intermediate state, prior to the final manufacturing process. These
liquid processes consist of placing the reinforcement inside a closed mould, followed by the
introduction of liquid resin that properly impregnates the fabric. The use of preforms allows the
number of reinforcement layers and their placement in the mould to be such that the desired high
percentages can be obtained. The preform is an intermediate configuration of the same shape as the
final part, formed by layers of fabric compacted under pressure to form the shape, facilitating its
subsequent placement in the mould and ensuring that the desired percentage is possible [10].

The sequence of a liquid composite manufacturing process using a preform as an intermediate
stage in the manufacturing process is shown in the following images (Figure 2): (a) and (b) perform
manufacturing by hot forming and stitching; (c¢) preform manufacturing by joining ribs and skin; (d);
placement of preform and inserts in the mold; (e) closed mold ready for RTM process (f) finished
part.

Figure 2. Sequence of liquid process for composite fabrication [11].

In this context, TECNALIA has been immersed in the composite world for 40 years and has
been working with Additive Manufacturing in this field of materials for the last 5 years. Its
knowledge of materials and manufacturing processes is extremely broad, covering both
thermosetting and thermoplastic composites technology. TECNALIA is therefore capable of
approaching Additive Manufacturing in this field from a privileged position, knowing how to
introduce it in areas where clear benefits are truly provided. One of these areas is preforming.

This article details the work developed by TECNALIA on the manufacture of preforms using
the FDM additive process. TECNALIA has patented ADDICOMP technology, which consists on
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preforms manufacturing by printing filaments formed by continuous carbon or glass fibre roving,
coated with thermoplastic polymer. These filaments are manufactured using the cable extrusion
process, where the copper wire has been replaced by the carbon or glass roving.

The key advantage and the innovation of this technology is that this new filament contains a
very high percentage of fibre by volume (around 90%) and offers the advantage of printing preforms,
that subjected to subsequent liquid composite manufacturing processes, allows obtaining composite
final parts with a fiber content between 65 and 75% in volume.

This development has three phases which are described below, following an introduction to the
technology: development of continuous fibre filaments by extrusion (Section 2.1); setting up the
FDM additive technology for these continuous fibre filaments (Section 2.2); and selecting the
thermostable matrix-thermoplastic binder blend (Section 2.3). Once the thermoplastics binder has
definitely been selected, the manufacturing and characterization of composite parts produced from
preforms made by FDM printing will be done. Until now, only some manufacturing tests without
testing were carried out. This work is currently being carried out and publications will be made as
results are obtained.

2. Materials and methods

TECNALIA has patented the manufacture of preforms (ADDICOMP) by printing filaments
formed by continuous reinforcement fibre roving (CF or GF) coated with thermoplastic polymer,
using FDM additive technology. This technology is based on extruding the material through a nozzle
and subsequently depositing it in successive layers, so the extrusion of these filaments will allow this
type of preform to be manufactured [12]. This preform will later be used as a reinforcement material
in liquid composite manufacturing processes.

The continuous fibre additive preforming technology (ADDICOMP) focusses on obtaining
structural composites of geometrical complexity (see Figure 3) with mechanical performances
similar to those obtainable through composite infusion moulding or RTM processes. To do so, an
essential step is to ensure the absence of the porosity typical of additive technologies that do not
apply consolidation pressure at the same time the material is deposited.

CF-PREFORMS PRINTING CF-FINALPARTS PRINTING

7

Extrusion
head

Compacting

roller
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DEPOSITION WITHOUT CONSOLIDATE
CONSOLIDATION DErOSITION
G GEOMETRICAL LOW OR MODERATE
COMPLEXITY GEOMETRIC COMPLEXITY

Figure 3. Different geometry complexity.
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To eliminate the risk of porosity in the final part, the preform is printing without pressure to be
subsequently impregnated by a liquid resin in a conventional composites liquid processes (Infusion
or RTM) or consolidated with pressure and temperature in a compression process of thermoplastics
The main technical challenge of this technology has been to develop printable filaments using a
modified FDM process. The development of these filaments has involved: (1) minimizing the
percentage of binder or plastic coating that enables printing; (2) configuring the reinforcement to
ensure its subsequent wettability with the resin; (3) selecting binder-resin combinations that do not
impair the mechanical properties of the composite obtained; (4) adapt the equipment and software to
the new requirements of filaments consisting mainly of continuous fibre.

Figure 4 represents the different filament and nozzle configurations that FDM technology
presents and that determine the printing process. The first figure represents the printing of a polymer
filament. The second figure is the printing of a filament of continuous fibre roving with polymer to
obtain a composite final part. The fiber content in this filament and in the final part is around 30% in
volume. And the third figure represents the filament of ADDICOMP technology to obtain preforms,
no final parts, where the fiber content in the filament is around 90%.
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Figure 4. Configurations of nozzle and filaments.

Printing impregnable preforms requires significant software and hardware modifications. The
post-processing (impregnation) requirements of infusion or RTM processes are also critical to obtain
a composite final part with a fiber content of 65%—75% in volume.

Figure 5 shows the advantages of manufacturing preforms using ADDICOMP technology, as an
alternative to the conventional compression process, based on a comparative cost estimate of the two
manufacturing processes. The manufacturing of preforms in the conventional compression process
requires of expensive materials, fabrics of carbon or glass fibre, and their placement and adaptation
to the mold (fabric cutting, stacking and compression) (Figure 2) while ADDICOMP technology
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only requires the continuous fiber roving filament coated with thermoplastic polymer and the FDM
printer.

Furthermore, ADDICOMP technology allows complex shapes such as hollow or deep parts to
be printed, which would be impossible to do using conventional methods. Topological optimization
can be applied to the part design and therefore reduce thicknesses, surfaces, etc., and it does not
generate excess material. This optimization means an important saving in material costs and labour.
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TRADITIONAL ADITTIVE
PREFORMS MANUFACTURING PROCESS

Figure 5. Comparison of costs between preform manufacturing processes.

The manufacture of preforms using FDM technology has meant two major technological
challenges. The first one is the development of this type of filaments using conventional extrusion
processes, and the second is the development of the FDM technology itself for printing these
filaments.

ADDICOMP has required the development and set-up of 3 technological lines: (1) development
of continuous fibre filaments by extrusion; (2) setting up the FDM additive technology of the
continuous fibre filaments; (3) selecting the thermostable matrix-thermoplastic binder blend and
printing impregnable preforms.

The methods and materials used to develop continuous carbon fibre filaments coated by
thermoplastic polymer are Carbon Fibre Tenax-E HTS40 24K 1600TEX as filament reinforcement,
and Polycarbonate MAKROLON ET3137 and Polyurethane DESMOPAN® 3660DU as filament
coating. A conventional extrusion process is used to manufacture the continuous carbon fibre
filaments.

FDM technology is used as the additive manufacturing method to print the continuous carbon
fibre filaments and a Dynamical 3D DT Lite model printer is used.

In the test carried out in the task of Selecting the thermostable matrix-thermoplastic binder
blend, the epoxy resin used is RESOLTECH 1800/1805 and the different binders used were:
Styrene-Acrylonitrile (SAN KIBISAN® PN-127 L100 FG), polycarbonate (PC TARFLON™ #1900),
styrene-butadiene-styrene (SB  Dynasol C-540S), styrene-ethylene-butadiene-styrene (SEBS
Kraton™ G@G), low molecular weight polycaprolactone (PCL6250), high molecular weight
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polycaprolactone (PCL6800), polyoxyethylene (POE), polycaprolactone-based polyurethane
(TPUPCL), polyamide (PA6), ether-based polyurethane (TPU3660) and ester-based polyurethane
(TPU5996). All these resins are commercial except for TPUPCL, which has been synthesized by
TECNALIA ad-hoc for our process.

The methods used in this selection task are based on the determination of Hansen solubility
parameters, based on Hansen and Van Krevelen’s theory of intermolecular forces based on the
surface tension energy.

2.1. Development of continuous carbon fiber filaments by extrusion

Conventional extrusion processes, optimized for the electrical wiring industry, have been used
to develop this type of filament, in which the copper wires are replaced by carbon or glass wires, and
the coating is selected according to the matrix to be used to manufacture the composite component.
The objective is that the matrix, generally epoxy resin, dissolves the filament coating, leaving the
carbon or glass reinforcement bare. Subsequently, it can be properly impregnated by the resin
through processes such as Infusion, RTM, etc., thus obtaining the final part with an appropriate
percentage of fibre.

The developed filaments have a total diameter of 1.75 mm. They are formed by a carbon or
glass core coated with a thermoplastic polymer, where the percentage of reinforcement reaches 90%
(Figure 6). The function of this coating is exclusively that of a vehicle to be able to print the
reinforcement threads, and therefore an adequate amount should be used for this purpose. The
materials used as coating materials included polycarbonate and thermoplastic polyurethanes given
their solubility in epoxy resin.

() (b

Figure 6. 3D filament: (a) developed filaments by extrusion process, (b) detail of the
appearance of the developed filaments.

2.2. Setting up of the FDM additive technology of the continuous fiber filaments

The FDM printer used to set up the printing process of these filaments was a Dynamical 3D
DT Lite model (Figure 7) modified to reach a higher temperature, with a printing volume of 600 mm
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x 450 mm x 450 mm. This printer was selected due to the possibility of working with Gcode files
generated in slicer programs such as Simplify3D, which is essential when conducting R and D
activities as it provides control over practically all printing parameters. Another advantage of this
type of slicer is that the Gcode generated can be read later and modified to include cutting points or
other functions required for continuous fibre printing that are not available in current slicers. The
easy access to elements such as extruders and hotends has also been decisive when choosing this
printer since modifications have been made to both to adapt them to this filament.

This printer offers technical specifications such as the maximum temperature that the material
can reach in the extruder is 300 °C, the chamber reaches a temperature of up to 50 °C and the
printing bed 120 °C, there is a wide range of available nozzle diameters for the extruder
(0.2/0.4/0.6/0.8/1/1.2 mm), and it has two independent extruders capable of printing in single, dual,
twin and reflex modes.

Double-extruder«

Touch-screen«

Figure 7. Printer FDM DT lite.

Numerous impediments were faced when adjusting the printing process. These included the
type and thickness of the coating which are not common among printable materials using this
technology, and multiple equipment software parameters needed to be modified. Other issues faced
included the difficulty of the continuous fibre to cross the nozzle and be deposited, the excessive
pressure exerted by the extruder gears on the filament, coating cracking, exposed filaments, the
difficulty of turning the filament during printing, and the need to introduce a cutting tool in the
printing process.

The following image (Figure 8) shows the appearance of the printed carbon filament. This
filament is constituted by a core of carbon yarn coated with polycarbonate. The image clearly shows
how the filament has a very high percentage of carbon compared to that of the polymer that covers it.
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Figure 8. Appearance of the printed continuous carbon fiber filaments.
2.3. Selection of the thermostable matrix-thermoplastic binder blend

This section is a brief introduction to the study of the molecular interactions of the
matrix-binder blend to select an appropriate binder for each thermosetting matrix. This is a complex
process that is widely documented in the literature [13,14] but never in the framework of additive
manufacturing of preforms. Moreover, these studies consider previous mixing through mechanical
stirring, temperature and/or dissolution [15]. Due to the characteristics of our post-processing
(infusion) of the preform, the matrix-binder interaction is governed by conditions that hinder the
diffusion of the preform through the matrix-binder. Thus, we believe that this study presents an
innovative and particularly useful approach within the framework of the additive manufacturing of
continuous carbon fibre preforms. On the one hand, some limitations have been found in this context,
and some assumptions have also been made which are imposed by the patented filament technology.
For example, the amount of binder should be less than 10%, which limits the field of visibility in
experimental trials when working with such small proportions. On the other hand, it must be
considered that the binder must not only have good miscibility with the matrix but must also be
printable. An example of a binder that has been pre-selected is polycarbonate (PC), as it is similar in
structure to DGBA.

It should be noted that it is not a matter of reinforcing the matrix. Our interest lies in obtaining a
final part with as little binder as possible in which the binder dissolves in the matrix in the base case
scenario. The pre-selected set of thermoplastic binders was as follows: Styrene-Acrylonitrile (SAN),
PC, styrene-butadiene-styrene (SBS), styrene-ethylene-butadiene-styrene (SEBS), low molecular
weight polycaprolactone (PCL6250), high molecular weight polycaprolactone (PCL6800),
polyoxyethylene (POE), polycaprolactone-based polyurethane (TPUPCL), polyamide (PA6),
ether-based polyurethane (TPU3660) and ester-based polyurethane (TPU5996). As noted, these
binders are commercial except for TPUPCL, which has been synthesized by TECNALIA ad-hoc for
our process.

Some of the tests to carry out the selection have been based on determining the following
experimental parameters: (1) dissolution test of the binders in the matrix-in the experimental test, the
binders that dissolve best (transparent vial) in the resin are identified; (2) Hansen solubility

AIMS Materials Science Volume 9, Issue 3, 481-497.



491

parameters, based on Hansen and Van Krevelen’s theory of intermolecular forces based on the
surface tension energy [16,17]; (3) optical microscopic analysis of TP-EPOXY compatibility under
conditions of our vacuum resin infusion.

2.3.1. Dissolution test of the binders in the matrix

This test consists of mixing each of the thermoplastics with the resin prior to catalysation for
solubility analysis. Figure 9a shows different vials after mixing. The amount of thermoplastic
comprises a range of 1-10% by weight of the total mixture. An example of incompatibility is shown
in Figure 9b, where the SBS thermoplastic has been mixed with epoxy resin. It can be seen how the
rubber particles float on the surface of the resin indicating that this mixture is not soluble.

(a) (b}

Figure 9. (a) Binder dissolution tests to evaluate the resin as a solvent. (b) Resin-SBS
system where the appearance of the dissolution shows that they are not soluble.

2.3.2. Hansen’s solubility parameter

Hansen divides the solubility parameter (HSP) into three contributions: (1) nonpolar or
dispersion bonds &4, (2) polar or dipole-dipole bonds 6, and (3) hydrogen bridge bonds &y, as Eq 1:

52 = 5d2 + 5p2 + 5}12 (1)

Each of these contributions determines an axis in a three-dimensional (3D) space called Hansen
space. To compare TP EPOXY compatibility, another parameter Ry is required, which is the radius
of the solubility sphere of the resin and can be calculated empirically. An approximation of the 3D
Hansen space has been graphically depicted in Figure 10, where the solubility sphere of EPOXY is
shown in purple color. According to the theory, any TP within the sphere is expected to be soluble in
EPOXY.

To obtain these parameters, an attempt is made to dissolve each thermoplastic polymer in
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various solvents of a different chemical nature, after which the optimization problem proposed by de
los Rios et al. [18] is solved. For the interpretation of the results, the thermosetting matrix (epoxy
resin) has been considered as a solvent and the different thermoplastic binders as solutes. In Figure 10,
the theoretical Hansen parameters found in [16] have been plotted. It can be seen how some binders
(PC, POE, etc.) fall within the reactivity radius of the “epoxy” matrix. PA6 is a clear example of
intermolecular incompatibility between the solvent-solute pair.
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Figure 10. Positional relationship in the HSP space (64 vs 8, vs dn) between the different
binders and the thermosetting polymer (epoxy resin).

2.3.3.  Optical Microscopic analysis

In order to observe if the TP’s are miscible in EPOXY, an optical microscopic analysis has been
carried out. In this work, we have focused on the EPOXY-PC pair. Here, the experimental protocol
has been determined by the conditions of the resin vacuum infusion process, which is the key
moment when is important the dissolution of the binder in the resin. For this purpose, PC powder
was mixed at 10% by weight with the resin, without hardener, at room temperature. Then, a drop was
taken with a pipette, making sure that it incorporated binder, and placed on the Microscope slide.
From there, the sample was subjected to a heating sweep, always under the conditions of the process.
Frist, it was heated for two minutes at 60 degrees to simulate vacuum infusion and then ninety
minutes at 90 degrees, simulating the curing of the composite in the oven.

In Figure 11, images of three-time instants, each corresponding to one step of the experiment
are shown. As the temperature increases over time, the PC disappears in the resin, indicating a
certain miscibility.
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Figure 11. Three times instants during the heating sweep of the PC powder and epoxy resin mixture.
3. Results

The preforms obtained from the carbon continuous filament printing are showed in this section.
These results are preliminary and qualitative. The optimization of preforms printing and the
composites parts manufacturing from these preforms are now in progress.

3.1. Printing of impregnable preforms by liquid composite manufacturing process

The main goal of this section is to introduce a brief description of the printing process of
impregnable preforms to use in liquid composite manufacturing process for composites
manufacturing. Here, the type of preforms that have been printed respond to structures that are
difficult or impossible to manufacture by the conventional process currently used. The following
images are examples of this: Figure 12 shows ribbed structures that are also called isogrids. These
are optimized geometries to provide stiffness and reduce weight. It has been possible to manufacture
this preform by FDM printing the carbon filament. Once impregnated with resin, by means of either
infusion or RTM processes, this preform will produce a rigid and light structure, an alternative to
current isogrid structures that are generally manufactured in aluminium and by machining.

77
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Figure 12. Ribs. Isogrid structures.
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Figure 13 shows two preforms, the smaller of which represents the shape of a test tube. In this
specimen the different printed layers arranged in perpendicular directions can be distinguished. A cut
needs to be made in the filament to move from one layer to the other. The larger piece represents the
preform of an automotive component. Its complex geometry and hollow nature prevent it from being
manufactured by the conventional process, but it is feasible to do so using FDM.

Multi-material and multi-functional structures can be printed as more than one extrusion nozzle
is available on the same equipment. An example is the structures shown in the image below
(Figure 13).

Figure 13. Continuous carbon fiber preforms manufactured using FDM technology.

The parts shown in Figure 14 represent structures that could be called “self-tooling”. The
outside is made of a pure polymer filament, acting as a mould. The inside corresponds to a preform
consisting of 90% carbon filaments. Resin could be injected into the polymer cavity in such a way
that it impregnates the inner preform. Once the resin has cured, the outer polymer layer would be
removed, and the composite part would be obtained. This development is currently in the
optimization phase. From the point of view of materials, we are working mainly on the selection of
the most suitable coating material for the continuous carbon fibre, based on solubility studies of the
coating/epoxy resin and on the polymer/carbon ratio suitable for further processing. From the process
point of view, the first composite moulding tests are being conducted using the infusion process to
determine the percentages of carbon fibre and percentage of voids that could be obtained.
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Figure 14. Self-tooling structures containing continuous fiber preforms.
4. Conclusions

From the development approached so far it can be concluded that: (i) filaments formed by
continuous fibre coated with polymeric material with a high fibre content (90%), printable using
FDM technology, can be obtained using an adapted conventional extrusion process. This method is
novel in the field of additive manufacturing of continuous fibre and adds another option to the
technologies already identified; (ii) FDM printing of these continuous fibre/polymer filaments makes
it possible to manufacture “performs” that will allow composite components with complex shapes to
be manufactured, which cannot be obtained by other processes; (iii) this printing process could be
scaled by replacing the printing equipment used (Dynamical Tools) with a robot to which an
extrusion head could be implemented. This would allow large components to be manufactured, in
addition to manufacturing complex components; (iv) the manufacturing process of preforms using
FDM technology offers an economic advantage compared to the conventional compression process.

The future development of this additive preform manufacturing process is oriented to: (I)
Optimizing filament manufacturing by identifying the most compatible coating with further
processed resin and adjusting the continuous carbon fibre/polymer ratio to ensure the best possible
wettability and least possible interference in the subsequent composite moulding process. These
achievements would benefit the properties of the final component. (II) Developing tools (software
and hardware) capable of designing, improving and controlling the printing process. (III)
Establishing the appropriate parameters and processing conditions in the moulding of composites via
liquid processes (RTM or infusion), using preforms manufactured by FDM additive processes to
obtain a composite component that meets the required conditions of reinforcement and porosity
percentage. (IV) Extending this additive technology of continuous fibre filament extrusion coated
with thermoplastic material to the manufacture of 3D thermoplastic preforms processable by
thermoforming technologies typical of thermoplastic composite materials.
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