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 A B S T R A C T 

3D printing is one of the most portentous technologies for the time being. 
Recently, 3D printing has progressed remarkably and is expected to proceed 
in numerous applications, such as automotive, medical, wind turbine, and 
aerospace applications. 3D printing technology opens the door to enhancing 
and optimizing several applications. Although of such advancement, there is 
still a lack of the tribological research investigations in this area. This work 
is devoted to studying the tribological properties of 3D printed polymers 
(ABS, PLA, Co-polyester, and PCL) for utilization in a wide range of 
applications, such as medical, automotive, and various tribological 
applications. The test specimens were printed using fused deposition 
modeling (FDM) technology. The tribological characteristics of 3D printed 
specimens were evaluated using a pin-on-disc tester. Vicker's hardness 
tester was used to determine the specimens' hardness. Scanning electron 
microscopy (SEM) with backscattering was used to examine the worn 
surfaces of samples. Based on the findings of the current investigation, it 
was discovered that 3D printing technology enhanced the bonding strength 
and wear resistance of the tested specimens. Furthermore, the 3D-printed 
polymers (ABS, PLA, Co-polyester, and PCL) produced varying friction 
coefficient (high and low) values at acceptable wear resistance making 
them suitable for a wide range of applications. The samples that were 
printed using PLA and co-polyester had the lowest coefficients of friction 
(0.3) while the samples that were printed using ABS and PCL had the 
greatest coefficients of friction (0.4) and (0.39) respectively. 
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1. INTRODUCTION  
 
In today's world, 3D printing technologies have 
become the most promising method for 
producing functional parts. Products created 
using 3D printing processes have received a lot 

of attention from the engineering, medical, and 
wider social communities. Among the many 3D 
printing processes, fused deposition modelling 
(FDM) is the most frequently used. [1-4]. 3D 
printing, also known as Additive Manufacturing 
(AM), which already being adopted for rapid 
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prototyping and soon rapid manufacturing [5]. 
A wide range of polymers and polymer matrix 
composites are utilized for tribological 
applications. These applications comprise the 
traditional applications of polymeric tribo-
components in mechanical and automotive 
engineering such; filament wound bushings for 
severe environments, hybrid bushings in diesel 
fuel injection pumps, and cages of high- 
accuracy ball bearings in dental turbines [6,7]. 
Some studies determined the tribological 
behaviour of different 3D filaments in contact 
with a metallic disc. The research work of these 
studies was directed to identifying the most 
adequate 3D printing filament in order to 
construct different parts for the purpose of 
creating a 3D printed smart shoes sole [8]. 
 
Until now, predicting the mechanical 
characteristics of 3D printed parts before they 
are created and tested has been challenging. 
Sagais et al, presented a new approach to study 
the influence of printing factors on the 
mechanical properties of the printed part to 
attain improved mechanical properties. The 
influence of heat treatment on the mechanical 
characteristics of 3D printed polymers (PEEK, 
PMMA and PC) was characterized. These 
polymers correlating have been used as bio-
implant, due to their excellent mechanical 
properties and antimicrobial capabilities. The 
mechanical properties were improved by 
modifying printing temperature and post heat 
treatment process [9,10].  
 
For low-duty frictional applications, low-density 
polyethylene (LDPE) composites reinforced by 
fine particles waste glass were used as a 
favorable material for 3D printed applications. 
The wear resistance of LDPE was enhanced by 
adding the fine glass powder due to the 
formation of a sliding film on the sample’s 
surface. Also it was found an obvious influence 
of friction direction on wear which depending on 
the printed path direction [11]. Polylactic acid 
(PLA) is one of the majority common materials 
used in 3D printing. PLA nanocomposites 
filaments using twin-screw extrusion process by 
Reinforcing PLA with alumina/carbon black. The 
3D printed PLA nanocomposites improved both 
the mechanical and tribological properties [12]. 
 
For the first time, biocarbon reinforced 
polylactide (PLA) filaments were used to print 

PLA/bipcarbon composites. The renewability 
was achieved by reinforced the PLA with 
biocarbon to obtain 100% recyclable material. 
There are many applications such housings and 
internal structures of vehicles are relied upon to 
depends, if the mechanical and tribological 
properties are enhanced [13]. Viskadourakis et 
al report the transport and thermoelectric 
properties of 3D printed polymer 
nanocomposite, indicating that commercial 
polymer nanocomposites can be promising 
candidates for 3D printed thermoelectric devices 
[14]. White Acrylonitrile Butadiene Styrene 
(ABS) and two colours of PLA filament were 
used as 3D printed polymers using fused 
deposition modelling (FDM) technology. A 
comparison of the friction and wear properties 
for the two printed polymers has been 
investigated. An incredible increase in friction 
coefficient and wear was displayed for printed 
gray PLA. In contrary, white ABS and PLA 
specimens exhibited insignificant variations in 
the results [15]. 
  
Some researchers performed structural and 
functional analysis of antifrictional polymer-
polymer blends based totally on ultrahigh-
molecular weight polyethylene (UHMWPE) to 
enhance materials for 3D printing technologies. 
Using that developed materials, a complex shape 
parts for tribojoints can be manufactured by the 
3D printing method [16]. Tahir et al presented 
introductory study of tribological analysis on 
interior structure of 3D-printed ABS samples 
using Pin-on-disc dry sliding test. The specimens 
were mad into solid (unstructured) and internal 
structured (at different position) 3D-printed 
pins. Findings displayed that the presence of 
internal structure can reduce both friction and 
wear [17]. Also, researchers analyzed how 
surface texture such groove depth, groove 
number, and printing direction affected friction. 
The findings showed that linear-printed 
components with shallow grooves had 
substantially better frictional qualities than 
homocentric printed components with deep 
grooves [18]. ABS and PLA were the most 
commonly utilized printing materials in prior 
studies, with the exception of a few studies that 
used PETG for tribological applications [19]. It 
should also be noted that tribological research 
studies on 3D printed polymers are still scarce, 
[20]. The tribology of 3D-printed materials has 
only received a little amount of attention to date. 
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So the objective of this research is to profit from 
the advantages of 3D printing technology. The 
current research investigates the tribological 
and mechanical characteristics of a variety 3D 
printed polymers (ABS, PLA, Co polyester and 
PCL) that might be used in large scale 
applications. Future study will focus on wind 
turbine applications and the use of polymer 
matrix composites as 3D printing materials in 
addition to other crucial composites and new 
trends as, [21-24]. An epoxy matrix composite 
will also be investigated due to its potential 
tribological characteristics demonstrated in 
earlier research [25-27]. 
 
 

2. EXPERIMENTAL 
 
For this investigation, four commercially 
available polymer filaments; ABS, PLA, PCL, and 
polyester were used. Four different types of 3D-
printed pin samples were subsequently created 
using an Ultimaker 2+ Extended, a commercially 
accessible FDM 3D printer. All samples was 
manufactured using 0.1 layer thickness, vertical 
print orientation and 100% infill. Table 1 
displays the 3D printer's technical parameters. 
The test specimens, shown in Fig. 1, have a 9 mm 
diameter and a 25 mm length. Table 2 displays 
the printing parameters for the five samples. 
Vicker's hardness tester (DVK-1A-6 Time Group 
Inc., Taiwan) was used to test the hardness of 
the printed samples. The hardness 
measurements were carried out against a 1 kg 
weight on the top circular base of the cylindrical 
specimen. The hardness values were calculated 
by averaging three measurements. Before the 
wear test, the surface roughness of top circular 
base of the printed samples was assessed using 
the Mitutoyo Surftest SJ-201. 
 

 
Fig. 1. 3D printed samples. 

Table 1. Technical specifications of the 3D printer.  

3D Printer Model 

Printing pattern 

Ultimaker 2+ Extended 

Triangular 

Nozzle Diameter 0.4 mm 

Layer Thickness 0.1 mm 

Print Dimensions Cylinder ( dia: 9 mm, h: 25 mm )  

Extrusion Speed 20 mm/s 

Print Time Per Part 36 min 

 
The experiments were conducted with the aid 
of pin on disc machine under dry and ambient 
condition at room temperature, [16-18]. The 
pin on disc has been created and constructed 
to measure the coefficient of friction between 
the disc's surface and the test specimen (a 
pin). The counterpart was a steel disc (Surface 
roughness of Ra = 0.023 μm) with a hardness 
of 269 HB and dimensions of 170 mm in 
diameter by 10 mm in thickness, which was 
rotated by an electric motor (140 r.p.m). Fig. 2 
displays a schematic representation of the pin-
on-disc wear test. Constant sliding speed (0.93 
m/sec), constant normal load (6.5 N), and 
constant running time served as the 
experimental parameters (300 seconds). The 
friction force was measured using a load cell, 
which was connected to a digital weighing 
indicator to detect the data. Throughout the 
test time, a video of the indication screen was 
recorded. By pausing the movie every second, 
the friction force was determined. Using the 
formula Ff/Fn, the friction coefficient was 
determined. Ff is the observed friction force, 
and Fn is the normal load that the dead weight 
of the testing apparatus imparts on the pin. An 
analytical balance with a precision of 0.00001 
g was used to weigh the specimen after wear 
to determine the amount of wear. Each 
experiment was performed three times to 
assure the accuracy and validity of the results. 

 
Table 2. 3D Printing parameters. 

Material PLA ABS Copolyester PCL 

Color Blue Yellow Brown Green 

Filament 
diameter 

1.75 mm 1.75 mm 1.75 mm 1.75 mm 

Printing 
temperature 

210 °C 250 °C 260 °C 60 °C 

Buildplate 
temperature 

60 °C 80 °C 80 °C 
Room 

~20 °C 
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Fig. 2. Schematic representation of the pin-on-disc 
wear test 
 
 

3. RESULTS AND DISCUSSION 
 
The tribological properties of 3D printed 
polymer (PlA, ABS, Copolyester and PCL) was 
investigated. The infill of specimens was 100% 
as it is recommended to employ pieces with 
100% filling when designing tribopairs in 
mechanisms and systems. When a tribopair is 
filled to 100%, the friction coefficient changes 
smoothly, making it easier to predict how the 
tribopair will behave [7]. As depicted in Fig. 3, 
the friction coefficient was plotted against time. 
 

 
Fig. 3. The friction coefficient of the 3D printed 
specimens. 
 

 As can be seen from the figure, ABS and PCL 
printed samples had the highest coefficient of 
friction (0.4 mean values) and (0.39) respectively, 
while PLA and co-polyester printed samples had 
the lowest coefficient of friction (0.3 mean values) 
and (0.29) respectively. The surface roughness of 
the samples' surfaces has a significant impact on 
how efficiently the friction at the sliding surfaces is 
controlled. In the case of ABS and PCL samples, the 
coefficient of friction rises as the sample surface's 

roughness increases. In contrast, as demonstrated 
in Fig. 4, PLA and Co-polyester samples had lower 
friction coefficients because of their smoother 
surfaces. The friction coefficient values of the 3D 
printed samples are in a good agreement with 
their hardness values, Fig. 6 where the inverse 
proportional was obtained. High-hardness 3D 
printed samples (PLA, Co-polyester) had the 
lowest friction coefficient values, whereas low-
hardness 3D printed samples (PCL, ABS) had the 
greatest friction coefficient values. 
 

 
Fig. 4. Surface roughness of the 3D printed specimens. 

 
Fig. 5 displays the wear of the 3D printed test 
specimens. The examined specimens have high 
wear resistance, as can be shown in the figure. This 
could be explained by the great bonding strength 
that 3D printing technology has achieved. 
According to [28], decreasing the layer thickness is 
essential for enhancing the bonding strength of 
FDM-printed parts. The bonding strength 
increased as the layer thickness decreased. When 
using 125 µm layer thickness (as our case 0.1 mm), 
the gap between raster and contour far all print 
orientations displayed least amount.  
 

 
Fig. 5. Wear of the 3D printed specimens. 

Specimen 
Holder 

Disc 
(steel) 

Pin (test specimen) Wear track, Ø 
126.6 mm 

F 
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The bonding strength therefore showed its 
greatest value for 0.1 mm of layer thickness. 
Figs. 6 and 7 show how hardness (HV) affects 
abrasive wear, indicating how wear increases as 
hardness decreases. PCL, ABS, Co polyester, and 
PLA had wear amounts of 9, 8, 5, and 4 mg, 
respectively. These amounts of wear are in a 
good agreement with the hardness results for 
the same specimens as shown in Figs. 6, 7 where 
the inverse proportional was obtained. The 
hardness (HV) values for PCL, ABS, Co polyester 
and PLA are 18.3, 18.9, 19.6 and 20.5 
respectively.  
 

 
Fig. 6. The hardness of the 3D printed specimens. 

 
The worn surfaces of the 3D printed specimens 
were assessed using back scattered scanning 
electron microscopy as shown in Fig. 7. Surface 
microstructures of (a) PLA surface, (b) Co-
polyester surface, (c) PCL surface and (d) ABS 
surface are illustrated. As shown in the images, 
plastic flow of the material surfaces, in addition 
to scratches, is visible in all SEM micrographs of 
worn surfaces of 3D printed specimens.  
 

 
Fig. 7. The hardness and wear of the 3D printed 
specimens. 

 
(a) PLA 

 
(b) Co-polyester 

 
(c) PCL 

 
(d) ABS 

Fig. 8. Back scattered SEM images of the 3D printed 
specimens after wear test. 

Scratches 

Fragments 

Fragments 

Grooves 

Fragments 

Plastic flow 

Scratches 

Grooves 
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For PLA and Co-polyester specimens, little PLA 
shards and shallow grooves were seen at the 
contact surface. At the contact surface of the ABS 
and PCL specimens, there were several material 
fragments and shallow grooves. 
 
 
4. CONCLUSION  
 
It was investigated how the tribological 
characteristics of 3d printed polymers on 
friction and wear are affected by hardness, 3D 
printing technology (Printing parameters), and 
surface roughness. According to the findings, it 
was concluded that: 
 
1. The 3D printed samples of ABS and PCL had 

the greatest friction coefficient values (0.4) 
and (0.39) respectively, while PLA and co-
polyester had the lowest values (0.3). 

2. All tested specimens had good wear 
resistance due to the high bonding strength 
acquired by 3D printing technology. 

3. The samples' surface roughness is a key factor 
in controlling the friction at the sliding surfaces. 

4. A crucial issue in enhancing the wear of the 
3D-printed samples is their hardness. Wear 
quantities for PCL, ABS, Co polyester, and PLA 
were 9, 8, 5, and 4 mg, respectively. The 
hardness results for the identical specimens, 
where the inverse proportional was found, 
are in good agreement with these wear 
quantities. PCL, ABS, Co polyester, and PLA 
have respective hardness (HV) values of 18.3, 
18.9, 19.6, and 20.5. 

5. The varying friction coefficient (high and 
low) values produced by 3D tested specimens 
at acceptable wear resistance make them 
suitable for a wide variety of applications, 
including medical, automotive, and other 
tribological applications. 
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