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printing method. To investigate the mechanical properties of the
manufactured parts under different operating conditions, tensile,
hardness and impact tests were used. The obtained results showed
that the tensile strength of the specimens decreased with the increase
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layer thickness. The most effective parameter in determining the
hardness of polyethylene glycol polymer was temperature.
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EXTENDED ABSTRACT

Introduction

3D printing or additive manufacturing methods have been used to make functional 3D
parts, recently. In recent years, many researchers have paid attention to the additive
manufacturing method and this method has been widely used in various fields of
engineering such as mechanics, aviation and biopharmaceutical industries. Polyethene
oxide polymer and polyethene glycol polymer are among the most common polymers in the
pharmaceutical and automotive industries and other related industries. Despite the
advantages mentioned for additive manufacturing, creating such a production system and
applying it and producing parts with its own difficulties. Among the problems of this type of
production, lack of surface smoothness, inability to mass produce, limited size of production
parts, and limited raw materials can be mentioned. The material extrusion method called
FDM (Fused Deposition Modeling) is an additive manufacturing method in which the
printed layers of each part are orthorhombic materials prepared from isotropic primary
filaments. The quality of the parts made by the melting layer modelling method strongly
depends on such parameters as image angle, layer thickness, air gap between adjacent
paths, pattern dispersion and density involved in the process.

Methodology

To check the mechanical properties of the manufactured parts in different operating
conditions, tensile test, hardness test and impact test were used. To achieve the desired
target functions, the parameters affecting them were identified by preliminary tests and test
samples. One of the standard methods for designing experiments when the number of
possible states for the experiment is large is designing the experiment using the Taguchi
method. Considering that the number of experiments in full factorial mode was very high
and also relying on the very high degree of confidence of the Taguchi method, the Taguchi
method was used in this research to design experiments. This research examines the effect
of the effective parameters of the FDM process on the hardness, tensile strength and
toughness of its products. The different stages of the problem-solving method in this article
are as follows:

— Step 1: Identifying the parameters of the FDM process that are effective on the
target functions, by conducting preliminary tests.

—  Step 2: Choosing the appropriate levels for the selected parameters based on the
results of the preliminary tests.

—  Step 3: Running the experiments designed by Taguchi method to extract the values
of the output parameters.

—  Step 4: Deriving an empirical model using the regression method in SPSS software
for each of the output parameters to predict the value of the objective functions in
any other desired condition.

—  Step 5: Optimizing parameters using genetic algorithm.

— Step 6: Evaluating the effect of important parameters by analyzing the percentage
effect of each parameter on the output values using the ANOVA technique.
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Results and discussion

The obtained results show that the tensile strength of the sample decreases with the
increase of the thickness of the layer. In addition, at the same speed, as the thickness of the
layer increases, the hardness of the polymer parts increases. The results of the impact test
also indicate that the higher the hardness and strength of the composite, the greater the
energy input to the polymer parts. The findings demonstrate that a sample with the highest
hardness has a high and medium layer thickness. With the increase in temperature, it was
observed that the hardness of the PEG polymer decreased, which is consistent with the
speed and thickness of the layer. The final factor in determining the hardness of the PEG
polymer is temperature. The percentage deviation of the regression values from the
practical test values is shown in the fourth column of these tables. The average deviation is
0.61%, which shows that the developed experimental models are suitable for predicting the
objective functions for different combinations of process parameters.

Conclusion

The following results were obtained from the present research. As the thickness of the
layer increases, the tensile strength of the polymer parts made by the FDM 3D printing
method decreases. With the same layer thickness, the tensile strength of the manufactured
polymer piece increases with increasing temperature and increasing extrusion speed.
Among the manufactured samples, the sample with the highest hardness is the one that has
a higher layer thickness, temperature and extrusion speed. The higher the thickness of the
layer and the higher the extrusion temperature, the higher the toughness of the polymer
sample made by the FDM method. The optimum value of toughness at the same layer
thickness and extrude temperature occurs when the extrude speed is moderate. The layer
thickness parameter is considered the most effective factor in determining the tensile
strength of the manufactured polymer parts. The temperature parameter was found to be
the most effective factor in determining the hardness of the manufactured polymer parts.
Layer thickness and extrusion speed are more important than extrusion temperature in
determining the thickness of the manufactured polymer parts.
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