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The article presents the process of manufacturing by adding solid state material (thermoplastic extrusion)
in order to achieve new composite deposition materials and to provide new models, raw materials and
functional prototypes with superior mechanical features and characteristics. The authors describe the
extrusion device as well as the parts manufactured of thermoplastic material.
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During the end of the last century, the emergence of
new fabrication technology by the adding of material is
considered a milestone in research and technological
development. These additive manufacturing processes are
the effect of extensive researches and scientific
development in different domains of application: precision
engineering, laser processes, materials science, medicine
and many more others. Additive manufacturing systems
can generate a special flexibility in application, which is a
benefit that is exploited for the manufacturing of various
pieces with superior dimensional accuracy used as
conceptual exemplaries, functional parts or indirectly used
as a prototype for the obtaining of functional components
in the production of customized metallic and polymeric
pieces [1, 2, 12, 14].

There are several additive manufacturing processes, all
with the advantages and disadvantages for the application
areas. Existing additive technologies are classified based
on various characteristics, like the type of material used,
the state of this material and the operation method. It was
implemented a set of standards [3] in order to classifies
technologies based on adding material to seven major
categories: vat photopolymerisation [4] , binder jetting,
material jetting, material extrusion  [5], powder bed fusion
[6], sheet lamination and direct energy deposition.

The fused deposition modeling method applied in this
study typically uses two materials: polylactic acid - an
ecological thermoplastic material obtained by processing
plants such as corn, sugar beet and acrylonitrile butadiene
styrene, which is a mechanically superior thermoplastic,
used in many industries , being a material especially for
engineers [3, 11].

Experimental part
The objectives of the paper are aligned with the global

tendency in using additive fabrication systems in the
production, development or modernization of products by

implementing functional models or prototypes with
acceptable accuracy and low cost. Following the
challenges presented above, an extrusion system has been
designed and manufactured. It allows the use of PLA and
ABS based raw materials in combination with some
admixtures as a new solution for providing the possibility
of obtaining new types of composite materials, which is
the basis material the parts with complex geometries and
superior features are made of by using additive
technologies. The benefits of the technolgy consist by the
feasibility of rapid obtaining of working pieces as well as
indirect use of the parts manufactured by the FDM process
with the new composite material provided in the extrusion
device as a master model in order to obtain adaptable
working instruments used for the realizing of the objects in
the customized production or limited number of parts.
Another advantage represents the disposal of waste, so
the fused deposition modelling technology is simply to use
and and has no restrictions on special equipments or
operating circumstances. The major disadvantage is the
reduced accuracy (0.1-0.2 mm) and the low quality of the
manufactured surfaces.

A section of the extrusion device is shown in figure 1 [7,
13].

For the actuation of the worm screw, it was used the
Baureihe 0277 DC motor with a torque of 5Nm, a nominal
voltage of 24 V provided with a 78/1 transmission reducer.
The precise control of the speed of the worm screw and of
the temperature in the heating resistors is obtained by
means of an Arduino Uno development board. The logical
diagram of the stand and the block diagram of the software
are represented in figure 2. Figure 3 shows a sequence of
the Arduino code used to control the temperature
distribution.

The experimental set-up was designed using
specialized software (fig.4) and a thermal model was
developed in the multiphysical analysis software, showing

Fig.1 Extrusion device. 1 - Cylinder; 2 - Worm
screw; 3 - Extrusion head; 4 - Electric motor;

5 - Reducer; 6 - Coupling; 7 - Electrical
resistance; 8 - Thermocouple; 9 - Sieve
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Fig.2. a - The logical scheme of the stand;
b - Block scheme of the program

Fig.3 Arduino code sequence for
temperature control

Fig.4. The CAD model of the stand [8]

Fig.5. Thermal model of the electrical resistance
-cylinder subassembly. a - Distribution of

temperature in the structure; b - Isothermal
contours [9]

Fig.6. General view of the demosntrative stand in the laboratory. 1 -vat storage of raw material; 2 -raw material transportation system; 3 -
electronics for motor speed control; 4 -electrical motor; 5 -electrical motor support; -6- rotation transducer; 7 -coupling; 8 -support; 9 -heat
resistance; 10 -cylinder; 11 -vat; 12 -sensors for temperature control; 13 -nozzle; 14 -fan; 15 -base plate; 16 - electronic mounting controller

with electrical resistance heating relays; 17 -source power supply; 18 -control for transportation system
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the distribution of the heat flow in the electrical resistance
- cylinder subassembly (fig.5). This model is a simplified
bidimensional subassembly consisting of a cylinder and
four electrical resistances. From the figure 5 it is possible
to inferr how the temperature is uniforme distributed from
the electrical resistances, where the maximum
temperature values (493 K) are reached.

Figure 6 and figure 7 show the general view of the
demonstration extrusion set-up and some constructive
details, respectively. Following the tests performed at the
engine imposed rotational speed of worm screw of 20 RPM
and the temperature of electrical resistances of  220 ° C, it
was observed that the extruded filament is suitable for
being used in the next manufacturing step. In this study
various thermoplastic and composite materials were used
as the raw material for the extrusion of the filament. The
best performance was obtained in the case of polylactic
acid granules (PLA) (fig. .8).

Fig.7. Construction details of the stand:
A - constructive shaft rotation sensor detail;

B - electronics for motor speed control; C - cylinder
and worm screw constructive detail; D -controller with

electrical heating resistors for heating the polymer
material

Results and disscusssions
The thermoplastic extrusion process consists of three

principal stages. In the first step the three-dimensional
object is designed using specialized software (fig.9) and
after that the designed model is loaded into the specialized
program Cura (fig.10). This software generates the
command code of the FDM equipment. Meantime, the CAD
model is positioned in the work area of the machine, so
that the manufacturing of the workpiece is optimal in terms
of construction time [1, 2].

In the stage of piece manufacturing, the model is
realized layer by layer and the extrusion head is depositing
a thin construction filament (1.75 mm) along the curves
defining the section perimeter. After the obtaining of the
perimeters, the thermoplastic material is deposited in the
regions corresponding to the entire volumes of the
workpiece. If necessary, the sacrificial layers are used,
which serve as a support for the workpiece. Finally, it is

Fig.8.  PLA thermoplastic
material: a - PLA granules;

b - extrusion of the filament;
c - realized filament

Fig.9. Design of the three - dimensional model [8]

Fig.10 Cura software interface [10]
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Fig.11. Obained part through FDM (Fused deposition modeling)

eliminated in the last stage - the post-processing stage,
which consists of separating the workpiece from the
platform and finishing the workpiece if necessary. Figure
11 shows the piece obtained by the FDM technique, which
can be used as a model or even as a functional prototype
in various applications.

Conclusions
The authors presented some new advantages of  the

well-known additive technologies - FDM (Fused Deposition
Modeling). Some aspects of the methods of obtaining new
thermoplastic and composite materials for the
manufacture of parts with superior functional properties
are described. A filament extrusion system for FDM
technology has been designed and developed. It was also
simulated the temperature distribution in the electrical
resistances - cylinder subassembly and it has been
validated by the experimental tests, obtaining close values
of the temperature. In the end, the parts with remarkable
mechanical features were obtained from the filament
achived with the developed extrusion system. These
processes will open new borders for designers and
engineers, based on the almost limitless complexity of
executable geometries, a new configuration possibilities
for making parts that are impossible to manufacture so far
in terms of technological possibilities. Thus, Rapid
Prototyping proves to be not only a consistent application

in product development, but a stand-alone part of
manufacturing systems, which will certainly have a hard
word in the modern technological world.
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