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Abstract: 3d printing technologies are rapidly developing, having a strong impact on almost all areas of 

industry. The very known technology, the fused filament fabrication, mainly uses PLA to produce many 

objects used in a wide verity of applications. The aim of the study is to study the effect of the printing 

parameters such as layer height, feed rate, raster angle, and extrusion temperature on the electrical 

conductivity, the ultimate compression strength, and the water absorption ability of the printed objects. 

The results prove that the printing parameters have a significant effect on the mechanical and the 

electrical characteristics as well as the water absorption ability of the PLA printed samples.  

Keywords: 3d Printing, PLA, Electrical Conductivity, Ultimate Compression Strength, Water 

Absorption, Printing Parameters  

1. Introduction  

Since it was invented in 1980s, Additive Manufacturing, AM has seen a rapid growth in the number 

of applications using this technology (AMFG, 2021). Additive manufacturing is highly suitable for 

aerospace applications since that aerospace objects have complex shapes and are fabricated of 

advanced materials, and since that aerospace parts are manufactured in relatively small batches (Guo 

& Leu, 2013). Also, the use of this technology in artistic industry provides new possibilities to obtain 

more complex designs and geometries (Negi et al., 2013). AM is also utilized to produce complex 

automated parts (Abdulhameed et al., 2019). It is used in producing prototypes for simulating, training, 

and pre-surgical planning of complex surgical operations and for fabricating customized implants and 

medical tools (Sanadhyav et al., 2015).  

3d printing is a process of producing 3d objects from a digital file. In this process, the part is fabricated 

by laying down successive layers of material (Al-Maliki & Al-Maliki, 2015). The main types of 3d 

printing techniques are: (1) Binding Jetting where a liquid binding jetting agent is selectively deposited 

to stick the powder particles together (Shahrubudin & Ramlan, 2019). (2) Direct Energy Deposition 

which  utilizes a  focused energy source to  melt a  material  deposited  by a nozzle  (TWI,  2020). (3)  
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Material Extrusion which in the filament is fed from a coil through a moving nozzle and is molten, 

extruded out, and deposited on the growing object (Apium, 2020). (4) Powder Bed Fusion in which a 

heat source fuses the powder particles layer by layer (3DExperience, 2018). (5) Sheet Lamination 

which uses a laser beam to cut the sheet then the sheets are joined one after the other by an adhesive 

material or by being welded to each other’s by the laser beam to produce the solid object eventually 

(Nikhil, 2020). 

Many research such as (Ouhsti et al., 2020; Leite et al., 2018; Gonabadi et al., 2020) revealed that the 

properties of the objects produced by additive manufacturing are influenced by several printing 

parameters. The researchers in (Pentek et al., 2020) found that the printing parameters have a 

considerable effect on the electrical characteristics of the printed objects. This research shows that the 

value of the electrical resistance strongly depended on the infill density and the layer height.  

To the best of our knowledge, there are very few research studied the influence of the 3d parameters 

on the electrical conductivity of the printed objects. In the study by (Nadir et al., 2019), researchers 

found that the water absorption of the samples increased by using thicker printing layers. The research 

(Fernandes et al., 2018) revealed that increasing the extrusion temperature led to a higher porosity in 

the printed objects and consequently increased the water absorption ability.  In the study (Vicente et 

al., 2019), results show that using protective coatings based on acrylic and polyurethan varnish caused 

a significant decrease in water absorption ability. Researchers in (Leite et al., 2018) illustrated that the 

treatment with acetone solutions were not efficient in decreasing the percentage of water absorption 

as the amount of acetone. Also, this study showed that the water absorption was reduced by using 

polyurethane treatment.  

2. Methodology 

This research aims at providing a better understanding of the effect of the 3d printing parameters 

namely, the layer height, the extrusion temperature, the feed rate, and the raster angle on the electrical 

conductivity, the ultimate compression strength, and the water absorption ability of the printed objects. 

The following tests were chosen for this study: 

 The Electrical Conductivity Test. 

 The Mechanical Compression Test 

 The Water Absorption Test.  

 

a: The water absorption test sample 
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b: The electrical conductivity test sample 

 

c: The compression test sample 

Figure 1: The tests samples 

2.1 Printing Technique 

In this research, the fused filament fabrication technique was used for producing the tests specimen. 

In this technique, the threads are drawn from a coil and fed through and extrusion nozzle. The material 

is heated in the nozzle till it melts and extruded onto a base (build platform). Both the platform and the 

nozzle are controlled by a computer that interpret the dimensions of the object into x,y, and z 

coordinates which to the nozzle and the platform move accordingly. Figure (2) shows the fused 

filament fabrication process. 

 

Figure 2: The fused filament fabrication process (UNLIMITED, 2016) 
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The 3d printer used in this study to 3d print the samples is the “Up Box” 3d printer.  

2.2 Material 

The material that the samples are made of is PLA. PLA is a biodegradable thermoplastic polymer 

based on lactic acid. It can be produced from 100% renewable resources. It is used in a large number 

of applications such as healthcare and medical industry. This material is eco-friendly, biocompatible, 

and processable (Omnexus, 2020).  

2.3 The Experimental Tests 

2.3.1 The Electrical Conductivity Test 

The electrical conductivity is a physical property that shows how well a material conducts electricity 

(Robinson, 2018). The standard test of the electrical conductivity is ASTM B 193-87. In this test, the 

conductivity is calculated by measuring the electrical resistance and dimensions of the sample 

(TOUCHSTONE, 2016). The electrical resistance is measured by an ohmmeter. Copper plates are 

attached to the specimen by silver paste and the test voltage is applied to these plates.  

 

Figure 3: The electric conductivity test 

2.3.2 The Water Absorption Test 

The test was conducted according to the standard ASTM D570 (OMNEXUS, 2020). Firstly, the 

samples were dried for a certain period of time at a specific temperature then they were left in the room 

temperature to cool. Upon cooling, the samples were directly weighted. After this, the samples are 

placed in water at 23 Celsius degree for 24 hours. Then they were removed from water, dried with a 

piece of cloth and eventually weighted. 
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Figure 4: The water absorption test 

2.3.3 The Mechanical Compression Test  

The compression test was performed in accordance with ASTM D695, and each test being duplicated 

twice. Compression test can be described as the forces that are pushed inwards on a sample through 

interaction of materials with them from opposite sides or through a compression or crush. To distribute 

the load on the entire surface area on the opposite sides of the test sample, the sample was placed 

between two plates where the load is distributed by pushing the plates together by universal test 

machine. As a result, the compressed sample is shortened by the force direction applied in the vertical 

direction. 

 

Figure 5: The compression test 
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3. Results and Discussion  

3.1 The Layer Height and the Electrical Conductivity  

It was realized that the higher to layer is the higher is the electric conductivity and this is illustrated in 

Figure (6).  

 

Figure 6: The layer height vs. the electrical resistance 

3.2 The Feed Rate and the Electrical Conductivity  

It was observed that when increasing the feed rate, the electric conductivity increases, and this shown 

in Figure (7).  

 

Figure 7: The feed rate vs. the electrical resistance 

3.3 The Extrusion Temperature and the Electrical Conductivity  

It was realized that the extrusion temperature does not affect the electrical conductivity as shown in 

Figure (8).   
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Figure 8: The extrusion temperature vs. the electrical resistance 

3.4 The Raster Angle and the Electrical Conductivity  

It was observed that when using aa larger raster angle, the electrical conductivity increases, as shown 

in Figure (9).   

 

Figure 9: The raster angle vs. the electrical resistance 

3.5 The Layer Height and the Water Absorption Ability  

The experimental results indicated that when increasing the layer height, the water absorption ability 

increases as shown in Figure (10).  
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Figure 10: The layer height vs. the water absorption 

3.6 The Extrusion Temperature and the Water Absorption Ability  

It was realized that when using a higher extrusion temperature, the water absorption increases as shown 

in Figure (11).  

 

Figure 11: The extrusion temperature vs. the water absorption 

3.7 The Path Type and the Water Absorption Ability  

It was realized that the water absorption ability, when using a linear path, is less than the same when 

using a circular path, as illustrated in Figure (12). 
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Figure 12: The path type vs. the water absorption 

3.8 The Layer Height and the Compression Strength   

The figure below describes the relation between the layer thickness and the maximum compression 

strength for the PLA material.  It is realized that the PLA samples have been greatly influenced by 

layer height. The maximum compression strength increases by increasing the thicknesses of layers.  

 

Figure 13: The layer height vs. the compression strength 

3.9 The Extrusion Temperature and the Compression Strength   

The average curves obtained from the tests performed at the three different temperature values (200°C, 

210° C, and 220°C) are reported in Figure (14). It can be clearly observed that as the temperature 

increases the maximum compression strength decreases. 
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Figure 14: The extrusion temperature vs. the compression strength                    

3.10 The Raster Angle and the Compression Strength   

The results presented in Figure (15) indicate that the maximum compression strength decreases as the 

raster angle changes from 30 to 60. So, the relation between maximum strength with raster angle is 

proportional.  

 

Figure 15: The raster angle vs. the compression strength 

3.11 The Feed Rate and the Compression Strength   

Figure (16) illustrates the relation between feed rate and the ultimate compression strength. It can be 

observed that the maximum compression strength increases when the feed rate increases.  
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Figure 16: The feed rate vs. the compression strength 

4. Conclusions 

 The electrical conductivity increases by increasing the layer height, increasing the feed rate, and 

increasing the raster angle. While changing the extrusion temperature doesn’t affect the 

electrical resistance.   

 The water absorption increases by increasing the layer height and increasing the extrusion 

temperature.  

 The ultimate compression strength increases by increasing the layer height, decreasing the 

extrusion temperature, decreasing the raster angle, and increasing the feed rate.  
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