IA R\] SET ISSN (O) 2393-8021, ISSN (P) 2394-1588

(@ International Advanced Research Journal in Science, Engineering and Technology
Impact Factor 8.311 :: Peer-reviewed & Refereed journal 2 Vol. 12, Issue 6, June 2025
DOI: 10.17148/IARJSET.2025.12620

Modelling and 3D Printing of
Fuel Injector System in 4-Wheeler

Haji Banothu?, E.Srija?,GS.Krishna Vamshi?,C.Sriram?#B.Vasu Nayak®

Asst.Prof, Mechanical Engineering Department, Guru Nanak Institutions Technical Campus, Hyderabad*

UG Scholars, Department of Mechanical Engineering, Guru Nanak Institutions Technical Campus, Hyderabad?345

Abstract: The fuel injector system is a crucial component in modern automotive engines, especially in four-wheelers,
where efficient fuel delivery and combustion are essential for performance and emission control. This project focuses on
the modelling and 3D printing of a fuel injector system used in four-wheel vehicles. Using CAD software, the injector
was designed with precision to mimic real-world functionality. The design process involved analyzing the structure,
function, and material considerations of fuel injector systems. Once the modelling phase was completed, the 3D model
was printed using FDM (Fused Deposition Modelling) technology with PLA material. This prototype helps in
understanding the design, assembly, and functioning of the fuel injection mechanism, and serves as an educational tool
for automotive engineering applications. The study also emphasizes the advantages of additive manufacturing in
prototyping and testing automotive components, offering a cost-effective and time-saving approach for product
development.
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. INTRODUCTION

The fuel injector is one of the most essential components in the internal combustion engine of a four-wheeler. It plays
a critical role in delivering fuel into the combustion chamber with precision and at the right time. Unlike traditional
carburetors, fuel injectors ensure better fuel efficiency, cleaner emissions, and improved engine performance. With the
advancement in automotive technology, there is a growing need to study and optimize the design of fuel injectors for
better performance. Modelling of fuel injector systems using computer-aided design (CAD) software allows engineers to
visualize, test, and improve designs before actual manufacturing. Once the design is finalized, 3D printing, also known
as additive manufacturing, is used to create physical prototypes. 3D printing has become a widely used technique in the
automobile industry for rapid prototyping due to its cost-effectiveness and time-saving benefits. This project focuses on
the modelling and 3D printing of a fuel injector system for a four-wheeler vehicle. It aims to develop a scaled prototype
using CAD tools and fabricate it using FDM (Fused Deposition Modelling) technology. This work provides insights into
the design process, challenges faced, and the advantages of using 3D printing in automotive component development.

1. LITERATURE REVIEW

Suresh Kumar, V. Ganesan, J.M. Mallikarjuna, and S. Govindarajan (2012)

Title: Spray Characteristics of a Fuel Injector: A CFD Study

Summary: This study utilizes computational fluid dynamics (CFD) to analyze the spray characteristics of fuel injectors,
focusing on factors like cone angle, fuel penetration, droplet size, and evaporation. The research aims to optimize fuel
atomization and mixing for improved combustion efficiency.

A.S. Manirathnam and K. Kaviyarasan (2023)

Title: Design and Analysis of Fuel Injector for Efficient Fuel Flow

Summary: This paper examines the integration of spiral ducts into fuel injector design to induce turbulence in fuel flow,
potentially enhancing fuel injector efficiency and combustion in diesel engines. The innovative approach aims to improve
diesel spraying and is beneficial for efficient hybrid vehicles.

1. METHODOLOGY
1. Data Collection and Study
In the initial phase, detailed information about fuel injector systems used in four-wheelers was collected from books,

journals, and online sources. The study focused on the structural components, working principles, nozzle geometry, and
fuel flow mechanisms.
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2. Design and CAD Modelling

Using SolidWorks (or any CAD software), a 3D model of the fuel injector was created based on standard dimensions.
The design included various components such as the nozzle, needle valve, body, and inlet/outlet ports. The model was
checked for accuracy and assembly feasibility.

3. Simulation and Analysis

The designed model was subjected to basic flow analysis to observe how fuel would move through the injector. This
helped in understanding the fluid behavior and verifying the functionality of the design before physical printing.

4. 3D Printing

After simulation, the final model was exported in STL format and prepared for 3D printing. FDM (Fused Deposition
Modelling) was chosen as the printing technique using PLA as the printing material. The slicing was done using Cura
software, and the model was printed layer by layer.

5. Post-Processing and Evaluation

After printing, the model was cleaned and examined for dimensional accuracy and structural integrity. The printed
prototype was used for demonstration purposes and to study the internal structure and working of the fuel injector.

RESULT AND DISCUSSIONS

After completing the design and modelling process in CAD software, the 3D model of the fuel injector was successfully
generated with all the major components such as the nozzle, needle valve, and body. The design was evaluated for
correctness, and no major issues were found in the dimensions or assembly. The 3D model was then converted into STL
format and processed using slicing software for 3D printing. The prototype was printed using Fused Deposition Modelling
(FDM) technology with PLA material. The printing process was completed successfully with minimal warping and layer
shift, indicating that the design was suitable for additive manufacturing. The printed fuel injector model was inspected
for dimensional accuracy and surface finish. Most of the dimensions were found to be within the acceptable tolerance
range for prototype models. The nozzle and internal passages were clearly formed, which allowed a visual understanding
of the fuel flow path. The model proved effective for educational and demonstrative purposes. It helped visualize how a
fuel injector functions inside a four-wheeler engine. The use of PLA material made the prototype lightweight and easy to
handle, although it is not suitable for functional testing under real engine conditions.

V. CONCLUSION

In this project, the modelling and 3D printing of a fuel injector system for a four-wheeler was successfully carried out.
The design was created using CAD software and converted into a physical prototype using Fused Deposition Modelling
(FDM) with PLA material. The model helped in understanding the structure and working of a fuel injector in a simplified
and visual way. The results showed that 3D printing is a cost-effective and efficient method for creating prototypes of
complex automotive components. Although the prototype cannot be used in a real engine due to material limitations, it is
highly useful for educational and demonstration purposes. This study proves that integrating CAD modelling with 3D
printing technology can be an effective tool in the field of automotive engineering. It not only saves time and resources
but also provides a practical approach to design validation and functional analysis. Future work can focus on improving
material strength and printing resolution to produce more accurate and functional prototypes.
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