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Abstract - In this research work, we have studied about 
improving the strength of the Acrylonitrile butadiene 
styrene (ABS) filament of the 3D printer. We know that at 
the default setting of the 3D printer, the strength of the all 
models which are created by the 3d printer is almost same 
when we are using the Acrylonitrile butadiene styrene 
(ABS). But in this research work, we are numerical analyze 
the models which will be created by using the Acrylonitrile 
butadiene styrene filament in the 3D printer at the different 
temperature such as 225 °C, 230 °C, 235 °C, 240 °C, 245 °C, 
250 °C, 255 °C, and 260 °C, and using the three different 
pattern to analyze these models such as the rectangular, 
triangular, and hexagonal pattern at layer of the each 
models. The area Acrylonitrile butadiene styrene (ABS) 
filament is kept constant which are 40 mm2. These all 
models which will be prepared by the 3D printer, we will 
check strength of the all models at different temperature 
such as 225 °C, 230 °C, 235 °C, 240 °C, 245 °C, 250 °C, 255 °C, 
and 260 °C and using three different pattern of the layer 
such as rectangular, triangular, and hexagonal pattern by 
using the Universal Testing Machine (UTM). We will check 
the strength of the all these models on the basis if the 
selected parameter such as the ultimate tensile strength, 
peak load, peak stress, break load, break stress, and tensile 
strength. 

Key Words:   ABS filament, 3D printer, tensile strength, 
temperature, rectangular, triangular, Hexagonal Pattern. 

1.INTRODUCTION 

The technology of additive manufacturing is very young; it 
was created in the 1980s and has rapidly advanced over 
the past 20 years. A growing number of manufacturing, 
educational, and domestic contexts are embracing and 
using additive manufacturing technology, sometimes 
known as 3D printing [1]. substance extrusion The most 
popular piece of 3DP equipment uses a technique in which 
a polymeric filament is extruded and deposited layer by 
layer until a 3D object is formed. This process is 
comparable to the patented fused deposition modelling 
(FDM) technology.  However, due to the fact that the 
mechanical strength of FDM printed items is often lower 
than that of injection moulded products due to their weak 
areas between the layers, there are only a few applications 
for this type of 3D printing. The 3D printing industry has a 

lengthy history using ABS (Acrylonitrile Butadiene 
Styrene) [1]. One of the earliest plastics to be utilised with 
commercial 3D printers was this substance. Thanks to its 
inexpensive cost and strong mechanical qualities, ABS is 
still a highly well-liked material today, many years after its 
invention. ABS is renowned for its durability and 
resilience to impacts, making it possible to print strong 
parts that can withstand increased use and wear [2]. The 
material can sustain substantially greater temperatures 
before it starts to distort because to ABS's higher glass 
transition temperature. Because of this, ABS is a fantastic 
material for outdoor or hot-weather applications 
(Simplify3D ABS overview [2]). In order to increase tensile 
strength, the work reported in this study investigated the 
impact of using various ABS printing parameters, such as 
printing temperature and infill density. A student initiative 
called Silesian Greenpower aims to create an electric race 
vehicle from scratch [3]. New structures, parts, and 
solutions are being implemented in the vehicle based on 
the analysis results.  Wheel fairings and mirror housings, 
for example, are some of the Silesian Greenpower vehicles' 
3D-printed components. This approach enables 
customization of an element's production and form. The 
purpose of the study is to improve ABS 3D printing 
technology in order to produce the driver's seat for an 
electric car faster and lighter [4]. 

1.1.3D Printer 

Another term that is occasionally used to describe 3D 
printing technology is "rapid prototyping." This goes all 
the way back to the beginning of 3D printing, when the 
technology first started to take off. Rapid prototyping 
technologies were used to describe 3D printing techniques 
when they were originally developed in the 1980s since 
they could only be used to create prototypes, not finished 
products [5]. 

In recent years, various manufacturing technologies (such 
CNC machining) have grown more affordable and 
available for prototype, while 3D printing has developed 
into an ideal option for many different types of production 
components. So, even while some still use the term "rapid 
prototyping" to describe 3D printing, it is now used to 
describe all kinds of extremely quick prototyping [6]. 
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Figure-1: 3D Printer. 

1.2. Material - ABS  

Acrylonitrile butadiene styrene is one of the materials 
used by material extrusion 3D printing most frequently 
(ABS). The impact resistance and toughness of ABS are its 
most significant mechanical characteristics. The 
conditions under which the material is processed to the 
final product—in this example, the printing temperature 
and infill density—will affect the final qualities to some 
amount [8]. Results were compared to a material 
datasheet that the manufacturer of the 3D printing 
filament gave [7]. 

 

Figure-2: ABS Filament 

1.3. Fused Filament Fabrication. 

Fused Filament fabrication (FFF), furthermore alluded to 
as joined statement displaying (FDM) for specially molded 
plastic parts, is one among the chief in style and cost-
proficient AM processes. However there region unit many 
varying sorts of FFF 3D printers, the printing could 
likewise be normalized, as incontestable [9].  A moving 

engine pulls the substance compound fiber to a hot 
completion to begin the printing. The fiber is liquefied by 
the new completion, and furthermore the liquified fiber is 
then taken care of onto the printing stage by means of a 
spout [10]. The print-head moves inside the XY plane 
kind} the necessary structure [11]. 

 

Figure-3: A typical FFF 3D printer. 

1.4. Software used in the 3D Printer. 

There are many CAD software programmes for the two 
primary 3D modelling techniques: "solid modelling" and 
"surface modelling." Solid modelling is the process of 
creating and connecting 3D forms that are typically 
predetermined and to which finer surface details are later 
added to create virtual things. Similar to surface 
modelling, but with the creator beginning with 2D surfaces 
and shaping them "freeform" to produce 3D objects [11]. 

Both methods can provide the exact same results, however 
surface modelling is quicker for more organic forms and 
faster for basic, non-organic structures [12]. Professionals 
most frequently use SolidWorks, Fusion 360, and Rhino 
3D, however there are several free applications available 
for beginners. Print simulation tools and file error fixers 
are two other helpful 3D printing programmes [10]. 

2. LITERATURE REVIEW 

Added support from additive manufacturing has recently 
sparked many investigations into boosting the mechanical 
traits of Acrylonitrile Butadiene Styrene (ABS) filaments 
for 3D printing. Research on increasing the strength of 
ABS filament through parameter adjustment, various infill 
designs and changing the material is explored in this 
section for the years 2015 to 2023.   

2.1. Effects of Printing Temperature on ABS 
Mechanical Properties   

Questions about how temperature in the extrusion process 
affects the mechanical properties of products are being 
studied by experts. They confirmed that boosting the print 
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temperature from 220°C to 250°C led to strong bonding 
between layers, increasing the tensile strength of ABS 3D-
printed objects by 22%. The ductility of the sample was 
reduced by temperatures higher than 260°C which led to 
thermal degradation. In a similar manner, Zhang et al. 
(2021) discovered that the peak in lamination was 
reached at 240°C when the material had enough viscosity 
but still flowed under pressure. As their studies revealed, 
tensile strength in the Z direction is 30% less than that in 
the X/Y directions because of poor cohesion between 
layers.   

In their study, Kumar and Patel investigated ABS samples 
set at printing temperatures from 225°C to 260°C and 
determined that tensile strength reached its maximum at 
245°C. They believe this happened because the flexible 
polymer chains were more free to move and reduced the 
number of voids, allowing stress to be distributed more 
evenly.   

2.2. Influence of Infill Patterns on Structural 
Integrity   

How infill is shaped has a strong effect on the ability of the 
structure to bear loads. The authors rectangular, 
triangular and hexagonal patterns and observed that 
triangular infill had an 18% increase in compressive 
strength because of its even stress distribution. On the 
other hand, hexagonal structures demonstrated higher 
energy absorption under impact conditions, according to 
Chen et al. (2021).   

Wang and Li (2023) presented a hybrid gyroid-immaterial 
pattern, resulting in a 27% higher tensile strength than 
usual patterns. The use of triangular subunits, as identified 
by FEA, was found to limit stress concentration points, as 
the current study shows.   

2.3. Advances in ABS Filament Composition   

Current studies are investigating ABS composites to 
address the main problems associated with ABS. Singh and 
colleagues added CNTs to ABS, leading to up to 40% more 
tensile strength and better resistance to heat. Similarly, 
Rahman et al. (2022) added glass fiber to the resin and 
found that the layer delamination decreased by up to 50% 
when tested under cycles of loading.   

Researchers from Díaz et al. (2023) replaced standard 
styrene in ABS with recycled styrene, allowing them to 
keep 90% of ABS’s strength and save the environment.   

2.4. Comparative Studies of ABS with Other 
Thermoplastics   

People usually compare ABS to polylactic acid (PLA) and 
polyethylene terephthalate glycol (PETG). Nguyen et al. 
(2020) reported that ABS exhibited better tension 

strength (38 MPa) than PLA (28 MPa), but to keep ABS 
from warping, careful temperature settings were needed. 
PETG shows superior layer bonding and sticks better, 
while ABS is better suited for high-temperature 
environments because it has a higher glass transition 
temperature, according to O’Connor et al.   

2.5. Software-Driven Optimization   

Optimizing important parameters is a role that machine 
learning (ML) has assumed. The authors of the study 
employed ML to predict the ideal temperature and infill 
level for printing ABS, saving up to 60% of testing 
iterations. According to Liu et al. (2023), they added a 
thermal monitoring system to FDM printers which flexibly 
controlled the nozzle temperature to help prevent 
interlayer weaknesses.   

3. METHODOLOGY 

In this research work, the Acrylonitrile Butadiene Styrene 
(ABS) filament used in the 3D printer, we have created 
different models at the different temperature at different 
infill density. The different temperature and infill density 
are given below in the form of the table: 

Table-1: Temperature and Percentage of the Infill 
Density of the filament 

Serial 
Number 

Type of 
Sample 

Temperature 
(°C) 

Percentage of 
infill density 

1 S-1 225 10.0 

2 S-2 230 25.0 

3 S-3 235 50.0 

4 S-4 240 100.0 

5 S-5 245 10.0 

6 S-6 250 25.0 

7 S-7 255 50.0 

8 S-8 260 100.0 

 

3.1. Property of the ABS filament 

There are mainly three property of the Acrylonitrile 
Butadiene Styrene (ABS) such as mechanical property, 
chemical property, and thermal property. These are 
property are given below in the form of the table 

Table-2: Physical Property 

Serial Number Property Value 

1 Density 1.04 g/cc 

2 Melt Flow 18 - 23 g/10 min 
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Table-3: Mechanical Property 

S.Number Property Value 

1 Hardness 103 - 112 

2 Tensile Strength 42.5 - 44.8 MPa 

3 Elongation at Break 23 - 25 % 

4 Flexural Modulus 2.25 - 2.28 GPa 

5 Flexural Yield Strength 60.6 - 73.1 MPa 

 
Table-4: Thermal Property. 

S.Number Property Value 

1 Maximum Service Temperature 88 - 89 °C 

2 Deflection Temperature at 1.8 
MPa (264 psi) 

88 - 89 °C 

3 Vicat Softening Point 100 °C 

 

4. RESULT AND DISCUSSION 

In the result and discussion section, we have studied about 
using the ABS filament  at the different and the model 
created in the 3D printer by using the different layer such 
as the rectangular, triangular, and hexagonal pattern. 

4.1. Ultimate Tensile Strength of Abs Filament 

After creating models by using the 3D printer with help of 
the ABS filament, the models tested by the Universal 
Testing Machine. The Graph of the Ultimate Tensile 
Strength of Abs Filament is given below: 

 

Figure-4: Ultimate Tensile Strength of ABS Filament. 

In the X-axis, 1 to 8 represent the temperature such as 
temperature 225   degree Celsius which is minimum for 
melting the filament and maximum temperature is 260 

degree Celsius and using three different patterns for 
creating same models. 

4.2. Peak Load 

Limit loads (the maximum loads that can be expected in 
service) and ultimate loads (the greatest loads that can be 
expected in service) are used to specify strength 
requirements (limit loads multiplied by prescribed factors 
of safety). The graph the peak load of ABS filament are 
given below: 

 

Figure-5: Peak Load 

4.3. Peak Stress 

The phrase "ultimate tensile stress" refers to the 
maximum stress that a particular material can withstand 
when a force is applied (UTS). Stress corrosion cracking 
features are more likely to form in metals that are under 
stress levels greater than the UTS value. Below is a graph 
showing the ABS filament's peak stress: 

 

Figure-6: Peak Stress 

4.4. Break Load 

In a tensile, compression, flexure, or torsion test, the load 
results in fracture. Breaking load is often referred to as 
breaking strength in tensile testing of fabrics and yarns. 
The graph the break load of ABS filament is given below: 
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Figure-7: Break Load of ABS Filament 

5. CONCLUSION 

After study the result and discussion, the following 
conclusion find out: 

In the ultimate tensile test, the maximum ultimate 
tensile strength is achieved by the triangular pattern. It’s 
because the area of the cross section of the triangular 
pattern is minimum as compared to the other two 
patterns such as the rectangular and hexagonal pattern. 
The ultimate tensile strength of the triangular pattern is 
approximately 40.195% higher than rectangular pattern 
of the layer, and 25.12% higher than hexagonal pattern. 
 
In the tensile test of the ABS filament, there are mainly 
five parameter taken as the peak load, peak stress, break 
load, break stress and tensile strength. The value of the 
peak load and peak stress is exist in the triangular 
pattern of the layer, which is approximately 1038.12 N 
and 35.67MPa respectively at the temperature 260 
degree Celsius. The value of the peak load of the 
triangular pattern is approximately 3.78 % higher than 
rectangular layer of the pattern, and 1.15% higher than 
hexagonal pattern of the layer of the models at the 260 
degree Celsius. The peak stress of the triangular pattern 
is approximately 26.07% higher than rectangular, and 
14% higher as compared to the hexagonal pattern of the 
layer. 
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