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Abstract- Fused Deposition Modeling (FDM) is one of the most common methods for additive manufacturing for 

creating lightweight and complicated polymer structures. But traditional thermoplastics printed by FDM methods 

have low mechanical properties due to weak interlayer cohesion and anisotropy. In order to enhance the mechanical 

properties of FDM prints, reinforced composite thermoplastic, including carbon fiber and glass fiber composite 

materials, have been utilized in engineering fields. This experiment focuses on investigating mechanical properties 

of Acrylonitrile Butadiene Styrene (ABS), Carbon Fiber Reinforced ABS (ABS-CF), and Glass Fiber Reinforced 

ABS (ABS-GF) printed by FDM. The standard ASTM test sample was prepared under similar printing conditions 

for testing their tensile strength, impact, flexure, and fatigue. According to experimental results, the ABS-CF 

specimens displayed the best tensile strength of about 45 MPa and flexural strength of around 70 MPa, owing to 

increased stiffness and load-transmitting ability of carbon fibers. ABS-GF specimens showed better impact strength 

of around 21.5 kJ/m² and fatigue life of around 91.5 × 10³ cycles, attributable to greater toughness and crack 

resistance offered by glass fibers. On the other hand, pure ABS samples had comparatively low strength, yet high 

ductility and deformation ability. From the above discussion, one can conclude that reinforcements play an 

important role in improving the mechanical properties of FDM fabricated polymeric materials, which makes them 

applicable to lightweight structural applications in several industries like automotive, aerospace, biomedical, and 

many more. 
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1. Introduction- 

Additive Manufacturing (AM), also known as 3D printing, has transformed modern day manufacturing by allowing 

fast prototyping and production of parts with minimum material waste. Out of various AM techniques, Fused 

Deposition Modeling (FDM) is the widely used technique due to its low-cost and easy-to-operate nature that is 

compatible with thermoplastics materials. In FDM, the process involves heating the plastic filament above the 
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melting point and then depositing it in layers using a nozzle. However, although FDM offers great design flexibility 

and customizability, thermoplastics that are 3D printed in FDM exhibit poor mechanical properties when compared 

to traditional manufactured parts. The weak bonding between layers, porosity, anisotropic properties, and shrinkage 

due to thermal effects are the main reasons for poor mechanical properties [1]. 

In an effort to enhance the mechanical properties of FDM-printed parts, there have been many advances made in 

composite polymer materials, including the use of carbon fiber, glass fiber, Kevlar fibers, among other materials. The 

use of fibers in the printing process increases stiffness, tensile strength, fatigue resistance, and dimension stability 

of the printed objects. 

 

Composite carbon fiber polymers exhibit high strength-to-weight ratio and stiffness, while the glass polymers 

provide balance between strength and impact resistance [2]. Composite polymer filaments have become increasingly 

important in the last few years in terms of their use in automotive, aerospace, biomedical, and industrial applications. 

Nonetheless, the mechanical properties of composite polymers produced via FDM printing greatly depend on the 

printing parameters including layer height, raster angle, infill percentage, nozzle temperature, and part orientation. 

This paper aims at assessing the mechanical properties of composite polymers based on ABS produced via FDM 

printing. Tensile, flexural, impact, and fatigue tests were conducted for pure ABS, ABS-CF, and ABS-GF materials 

[3]. 

The mechanical behavior of polymer and composite samples obtained by FDM method has been examined by 

several researchers. Vijayananth K. et al. (2025) have studied the impact of certain critical process parameters in 

FDM printing on the tensile and impact strength of carbon fiber reinforced nylon (ePA-CF) composites. In 

particular, the researchers focus their attention on the three main process parameters: nozzle temperature, printing 

speed, and infill percentage that are considered based on Taguchi L9 orthogonal array [1]. In their 2024 study, Patel 

et al. examine how FDM printing parameters such as raster angle, layer thickness, and printing speed affect the 

tensile and flexural behavior of carbon fiber reinforced PETG composite materials. The experiments involve using a 

full factorial design, and mechanical testing is done according to ASTM standards. Analysis of Variance shows that 

printing speed greatly affects tensile strength while raster angle greatly influences flexural behavior [2]. Memiş et al. 

(2025) have developed an innovative PLA filament enhanced with 5% Fe powder, created using laboratory filament 

extruder. In order to produce their composite, Memiş et al. conducted optimization of extrusion process parameters 

on PLA, ABS and PET-G and selected PLA due to its stable extrusion and high-quality prints. The Fe reinforced 

PLA composite has been tested by tensile tests, hardness test, FTIR, SEM-EDS and surface roughness analysis [3]. 

In Rajamanickam et al.'s (2024) study, it is sought to identify how the process variables of FDM, which include print 

orientation, fill density, and wall thickness, affect the properties of tensile strength, impact strength, and shore D 

hardness in the manufacture of PLA parts by FDM technology. The authors use three different orientations for 

printing (flat, edge, and side) and fill densities of 20%, 50%, and 100% [4]. 

The research by Haque et al. (2025) focuses on the effect of some important FDM process parameters on tensile, 

compressive, and flexural strength for five types of materials which include PLA, ABS, PET-G, and PAHT-CF. 

Some parameters analyzed by the authors include nozzle diameter, infill density, layer thickness, and infill pattern. It 

was found out that nozzle diameter and infill density are the most critical parameters, while layer thickness and 

pattern affect strength less significantly [5]. Abualbandora et al. (2025) provide a review regarding the effects of 

additive manufacturing parameters on the mechanical properties of short carbon fiber-reinforced polymers (CFRP) 
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produced using FDM. Various factors affecting properties like tensile strength and ductility include raster angle, 

layer thickness, fiber percentage, orientation of printing, and extrusion temperatures. It is found that proper 

orientation, fiber percentage, and layer thickness have considerable significance in increasing stiffness [6]. 

Kumaresan et al. (2025) explored the idea of optimizing FDM parameters on an intra-layer basis for PETG material 

to enhance its strength and structure. In this work, the researchers tested various combinations of infill shapes and 

internal raster angles in top, bottom, and middle layers using RSM analysis. It was found that rectilinear infill with 

45° internal raster and concentric infill on top/bottom layers resulted in the highest tensile strength (48.19 MPa) [7]. 

Laurenti et al. (2025) created a machine learning-driven methodology to forecast the performance of PLA and fiber-

reinforced PLA (flax and wood flour) made via the FDM process. Multiple printing parameters are varied over large 

ranges for this investigation, such as layer height, infill density, temperature, and printing speed, and 600 specimens 

were used in the investigation [8]. 

Despite the numerous benefits that FDM entails like quick production, low wastage of material, and easy 

customization, the mechanical characteristics of printed thermoplastics tend to be lower compared to the ones made 

through conventional manufacturing processes. Poor bonding between layers, formation of voids, and mechanical 

behavior in one direction only is common in printed components [9]. Carbon fiber and glass fiber polymer 

composite filament has been developed to compensate for these shortcomings. Nevertheless, the mechanical 

properties of these composite materials are greatly influenced by the properties of the materials themselves and the 

manufacturing process [10]. In light of this, there is a need for experimental testing and comparison of tensile, 

flexural, impact, and fatigue behavior of composite polymers made using FDM printing to test their applicability in 

engineering structures [11]. 

This research seeks to study and compare the mechanical properties of composite polymers that have been produced 

through 3D printing technology known as Fused Deposition Modeling (FDM). The research will be carried out to 

determine the effects of reinforcing materials such as carbon fibers and glass fibers on the mechanical behavior of 

polymer composites that have been made from the ABS polymer. This research will be carried out by fabricating the 

standard ASTM specimens through FDM printing and conducting tensile tests, flexural tests, impact tests, and 

fatigue tests to understand the behavior of these specimens. Another aim of this research is to conduct a comparative 

study between the performance of the reinforced composite materials and ABS materials in order to determine the 

best material to use in lightweight engineering projects. 

The scope of the current research involves the preparation of samples and experiments for assessing the properties of 

the composite polymers through FDM 3D printing process. The scope of the work is confined to the study of three 

types of materials including Acrylonitrile Butadiene Styrene, Carbon Fiber Reinforced Acrylonitrile Butadiene 

Styrene, and Glass Fiber Reinforced Acrylonitrile Butadiene Styrene. Standard specimens of ASTM were prepared 

using computer-aided design technology and manufactured under controlled 3D printing process. Different 

mechanical tests such as tensile, flexural, impact, and fatigue test were carried out. The experimental data was 

analyzed in order to compare the effect of reinforcing material on mechanical properties. The investigation is 

primarily concerned with mechanical properties analysis and not thermal, microstructural, or chemical properties of 

materials under consideration. The results of this research can find application in lightweight structures used in 

automotive, aerospace, biomedicine, and other industrial branches where durable 3D printed parts are needed. The 

present study is a continuation of these studies in that it analyzes mechanically the ABS, ABS-CF, and ABS-GF 

samples produced via FDM method. 
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2. Experimental Methodology- 

 

2.1 Material Selection- Three thermoplastic materials were selected for the present study as shown in table 1. They 

were procured from Bamboo Lab. 

Table 1 Material properties 

 

Material Abbreviation Properties 

ABS Acrylonitrile Butadiene 

Styrene 

Toughness, ductility, impact 

resistance 

ABS-CF Carbon Fiber Reinforced 

ABS 

High stiffness, high tensile 

strength 

ABS-GF Glass Fiber Reinforced ABS Balanced strength and impact 

resistance 

 

2.2 Specimen Preparation- The total number of specimens used in the experiment was 12. The specimens were 

prepared in accordance with ASTM standards; tensile test – ASTM D638, flexural test – ASTM D790, impact test – 

ASTM D256, fatigue test – ASTM E4666. There are several parameters of the fused deposition modeling (FDM) 

technique that significantly influence the characteristics of the printed component. They include layer height, infill 

density, nozzle temperature, bed temperature, printing speed, raster angle, and print orientation. These parameters 

were chosen appropriately for this experiment and were kept unchanged while preparing all specimens made of 

different materials. 0.2mm of layer height was selected to ensure good inter-layer bonding and accurate dimensions. 

Infill percentage was kept at 100% in order to enhance the mechanical properties of the print samples. The extruder 

temperature was maintained at 250°C to ensure that both ABS and composite filaments melt properly. Meanwhile, 

the bed temperature of 90°C assisted in reducing warpage as well as improving adherence between the print sample 

and the build plate. On the other hand, printing speed was kept at 50 mm/s in order to ensure smooth extrusion 

without any printing defects. Raster angle and build orientation play a role in stress distribution and anisotropic 

properties of the print samples. These parameters need to be optimized properly since their variations directly affect 

the mechanical properties of composite polymers. 
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Fig.1 3D printing machine (FDM) 

 

a) b) c) d) 

Fig.2 3D printed samples for a) Tensile test b) Bending test c) Fatigue test d) Impact test 

2.3 Mechanical Testing- Tensile testing was done using a Universal Testing Machine (UTM), with increasing 

load applied until the failure of the sample. Three-point bend testing was done to find out the flexural strength and 

rigidity. An Izod impact test was done for evaluation of energy absorption capability when subjected to sudden 

loads. 

 

3. Results & Discussion- 

The mechanical properties of composite polymer parts printed by FDM technology utilizing ABS, Carbon Fiber 

Reinforced ABS (ABS-CF), and Glass Fiber Reinforced ABS (ABS-GF) were determined experimentally by means 

of tensile tests, flexural tests, impact test, and fatigue test. In total, twelve samples were printed applying the same 

printing parameters to allow unbiased comparison between the examined materials. From the results obtained it is 

evident that the presence of reinforcing fibers plays an important role in their mechanical properties. 
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Table 2- Mechanical test results 

 

Material Tensile Strength 

(MPa) 

Flexural Strength 

(MPa) 

Impact Strength 

(kJ/m²) 

Fatigue Life 

(×10³ Cycles) 

ABS 31 48 18.5 66 

ABS-CF 45 70 13.6 83 

ABS-GF 39 60 21.5 91 

 

 

Fig.3 Comparison graph of mechanical properties with materials 

From the results obtained from the tensile test, it was discovered that specimens of ABS-CF had the highest tensile 

strength of all specimens. The tensile strength of ABS-CF was found to be 45 MPa, and this was about 45 percent 

higher than pure ABS material. This increase in tensile strength came about due to the stiff nature of carbon fibers 

and their ability to distribute the load within the polymer. Carbon fibers also reduced deformations in the load and 

increased rigidity. From the results of the flexural test, it was observed that specimens of ABS-CF had the highest 

flexural strength. The flexural strength of ABS-CF was found to be 70 MPa. These carbon fibers made the polymer 

matrix stiff and reduced the deflection in bending. Impact strength from impact tests showed that ABS-GF samples 

had the maximum impact strength compared to other materials used in the experiments. The average impact strength 

of ABS-GF was about 21.5 kJ/m². These glass fibers contributed to the toughness of the composite sample, making it 

able to withstand high impact energy before breaking. Fatigue tests showed that the samples of ABS-GF had the 

highest number of fatigue life compared to other materials tested. This was about 91.5 × 10³ cycles. Increased 

fatigue life was attributed to the crack-arrest mechanism of glass fibers in the composite. 

4. Conclusion- 

● Currently, an effective study of the mechanical properties of composite polymers produced by printing from 

FDM is carried out, including ABS, Carbon-Fiber Reinforced ABS (ABS-CF), and Glass-Fiber Reinforced ABS 

(ABS-GF). Samples according to standards ASTM have been prepared from these materials via FDM and have been 

tested for tensile, flexural, impact, and fatigue resistance. 

● Results from the experiment confirmed that there were significant improvements in the mechanical 
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properties of the 3D printed parts when reinforcement materials were used. The samples with ABS-CF showed the 

highest tensile and bending strengths owing to the stiffness of the carbon fibers and their excellent load distribution 

ability. Carbon fiber reinforcement improved the stiffness of the material and decreased its deformability, but 

resulted in decreased toughness. 

● The following were the results of mechanical tests on the ABS-GF samples: 

The ABS-GF samples proved to have the most well-balanced mechanical properties among all other materials tested. 

This can be explained by the fact that the glass fibers made the material tougher and more resistant to fracture under 

repeated stress loads. 

● Pu The re ABS specimens showed relatively poor strength and fatigue performance compared to other 

materials but were more ductile and deformable prior to failure. It was also shown that the parameters of the FDM 

process and the type of reinforcement have an effect on mechanical performance. 

Generally, the conclusion from this study is that fiber-reinforced composite polymers made through the process of 

FDM have great potential for use in lightweight engineering applications within the automobile industry, aerospace 

industry, biomedical industry, and manufacturing industry. Through proper optimization of materials and printing 

parameters, it is possible to enhance the strength, robustness, and efficiency of FDM composite structures. Future 

research could involve testing through thermal analysis, wear analysis, microscopic analysis, and fracture analysis 

using methods such as SEM, DSC, and TGA. Continuously reinforced fibers and nanofillers are other areas worth 

exploring. 
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