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I. INTRODUCTION 
 

Additive manufacturing, commonly known as 3D 

printing, has revolutionized modern manufacturing 

by enabling the production of complex geometries 

through a layer-by-layer material deposition 

process. Unlike conventional subtractive methods, 

additive manufacturing reduces material waste and 

allows greater design flexibility. Among various 

techniques, Fused Deposition Modelling (FDM) is 

one of the most widely used due to its simplicity, 

affordability, and accessibility. 

 

Despite its advantages, FDM printers— especially 

low-cost systems—often face challenges related to 

print quality and dimensional accuracy. These issues 

are primarily caused by structural instability, 

vibrations, and improper alignment of mechanical 

components. A weak or poorly designed frame can 

lead to motion errors, which directly affect the 

surface finish and dimensional precision of printed 

parts. 

 

This study focuses on improving the structural 

design of a 3D printer and evaluating its 

performance through practical testing. The main 

objective is to understand how structural rigidity and 

proper assembly influence printing quality.   By   

analysing   different 

  

performance parameters, this work aims to provide 

a clear understanding of how to achieve reliable and 

consistent results using a cost-effective 3D printing 

system. 

 

II. METHODOLOGY 
 

The methodology adopted in this study involves 

three major stages: design consideration, assembly, 

and performance evaluation. The entire process was 

carried out systematically to ensure accurate results 

and reliable conclusions. 

 

Initially, the design focused on creating a rigid and 

stable frame capable of minimizing vibrations during 

operation. Material selection played an important 

role, as it directly affects the strength and weight of 

the structure. A balance was maintained between 

cost and performance by selecting materials that 

provide adequate rigidity without increasing overall 

cost significantly. 

 

The assembly process was carried out step by step, 

ensuring proper alignment of all components. 

Special attention was given to the installation of 

linear motion systems, including guide rails, belts, 

and lead screws, as these components directly 

influence motion accuracy. The extrusion system was 
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also carefully assembled to ensure smooth filament 

flow and consistent material deposition. 

 

After assembly, calibration procedures such as bed 

levelling, axis alignment, and extrusion tuning were 

performed. These steps are essential to ensure that 

the printer operates under optimal conditions. 

Finally, performance evaluation was conducted 

through experimental tests. Dimensional accuracy 

was measured by comparing printed models with 

their original dimensions. Print speed versus quality 

analysis was performed to understand the trade-off 

between efficiency and output quality. Repeatability 

tests were conducted by printing the same model 

multiple times to evaluate consistency. 

 

III. FABRICATION AND ASSEMBLY 
 

The fabrication process mainly involved assembling 

the 3D printer from pre- manufactured components. 

The process was carried out in a controlled and 

systematic manner to ensure proper alignment and 

structural stability. 

 

The assembly began with the base frame, which 

serves as the foundation of the printer. Ensuring a 

flat and stable base was essential to prevent 

unwanted vibrations during operation. Vertical 

supports were then installed and aligned carefully to 

maintain the geometry of the structure. 

 

The gantry system was mounted onto the frame, 

followed by the installation of linear motion 

components such as guide rails and bearings. These 

components were aligned precisely to ensure 

smooth and frictionless movement. Stepper motors 

were mounted and connected to the motion system 

using belts and lead screws. 

 

The extrusion system, including the extruder and hot 

end, was installed on the moving carriage. Proper 

alignment of the filament path was ensured to avoid 

extrusion issues. The build platform was then 

installed and levelled to maintain a consistent 

distance between the nozzle and the printing 

surface. 

 

Electrical connections were completed by 

connecting the control board, power supply, and 

interface components. Proper cable management 

was maintained to avoid interference with moving 

parts. After assembly, the printer was tested and 

calibrated to ensure proper functionality. 

 

IV. RESULTS AND DISCUSSION 
 

The performance of the 3D printer was evaluated 

through dimensional accuracy, print speed versus 

quality, and repeatability tests. The results obtained 

from these tests provide a clear understanding of the 

printer’s capabilities and limitations. 

 

Dimensional accuracy testing showed that most 

deviations were within ±0.2 mm, indicating that the 

printer can produce reasonably accurate parts 

suitable for general applications. Minor deviations 

were observed due to material shrinkage and 

extrusion variations, which are common in FDM 

printing. 

 

The print speed versus quality analysis revealed a 

clear trade-off between printing speed and output 

quality. At lower speeds, the printer produced 

smoother surfaces and better dimensional accuracy 

due to stable motion and consistent material 

deposition. As the speed increased, the quality of 

prints decreased due to increased vibrations and 

reduced extrusion control. This confirms that 

selecting an appropriate speed is essential for 

achieving optimal performance. 

 

Repeatability testing demonstrated that the printer 

could produce consistent results with minimal 

variation between prints. This indicates that the 

system is reliable when operated under stable 

conditions and proper calibration. 

  

Overall, the results highlight the importance of 

structural stability and parameter optimization in 

achieving high-quality prints. The combination of a 

rigid frame, proper alignment, and controlled 

operating conditions leads to improved 

performance. 
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V. CONCLUSION 
 

This study demonstrates that the structural design of 

a 3D printer plays a crucial role in determining its 

performance. A rigid and well-aligned frame 

significantly reduces vibrations, leading to improved 

dimensional accuracy and surface finish. The 

experimental results confirm that proper assembly 

and calibration are essential for achieving reliable 

and consistent printing results. 

 

The analysis of print speed versus quality highlights 

the importance of selecting suitable operating 

parameters. A balanced approach between speed 

and quality is necessary to achieve efficient and 

high-quality printing. Overall, the study provides 

valuable insights into the design and evaluation of 

cost-effective 3D printing systems. 
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