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Introduction:

Computer Numerical Control (CNC) technology has revolutionized the manufacturing
industry by enabling high-precision, automated operations such as cutting, milling,
engraving, and drilling. These machines are driven by G-code instructions that allow
for complex and repeatable processes with minimal manual effort, resulting in
enhanced productivity and precision. Despite their advantages, industrial-grade CNC
machines remain largely inaccessible to students, researchers, and small-scale
innovators due to their high cost, complexity, and space requirements. With the rise of
open-source hardware and software, there is now a growing opportunity to
democratize CNC technology. Components like Arduino UNO, GRBL firmware, NEMA
17 stepper motors, and lightweight wooden or aluminum frames allow the creation of
compact, low-cost CNC machines suitable for prototyping, education, and hobbyist
use. These DIY solutions offer a practical learning platform while encouraging
innovation and technical skills development. This project proposes the development of
a cost-effective, multi-axis CNC machine tailored for educational and maker
environments. The aim is to bridge the gap between theoretical learning and hands-on

experience in computer-controlled manufacturing. By reducing overall cost and
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complexity, the machine empowers students and enthusiasts to explore automation,

digital fabrication, and design with greater accessibility and creative freedom.
Objectives:

1. Todesign a compact CNC machine tailored for affordability and functionality,
using cost-effective materials and components to make advanced

manufacturing accessible to small businesses.

2. To develop a dependable system that can carry out machining operations
on a variety of materials, including cutting, milling, and engraving, while
providing consistent performance and precision to satisfy a range of

operational needs.
Methodology:

The demand for cost-effective and versatile machining solutions is more critical than
ever for rapidly evolving manufacturing landscape. Computer Numerical Control (CNC)
machines have revolutionized manufacturing by automating complex machining tasks
with high precision and repeatability. However, the high cost of industrial-grade CNC
systems often makes them inaccessible for small-scale manufacturers, educational
institutions, and individual hobbyists. The development of the customized CNC
machine will begin with an analysis of manufacturing requirements to define the
machine's technical specifications, such as dimensions, machining capabilities, and
material compatibility. Using CAD tools, the design will focus on creating a compact
layout for the X, Y, and Z axes, prioritizing functionality and simplicity. Cost-efficient
construction will be achieved by using plywood and wooden profiles for the framework,
ensuring durability while maintaining affordability. Key components, including stepper
motors for motion control, a high-speed spindle motor for cutting, and an Arduino
microcontroller with a CNC shield, will be selected based on reliability and
compatibility, eliminating the need for sensors or feedback systems.
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Figure 1: Block diagram of customized CNC machine

The construction process will involve assembling the wooden framework, aligning the
motion axes accurately, and securely mounting the spindle motor. The stepper motors
will interface with the microcontroller, which will be programmed with GRBL firmware
to interpret G-code commands. Open-source software will facilitate the CNC workflow,
from component design to G-code generation. Manual calibration will be performed to
ensure smooth and precise operation of the machine. Following assembly and
calibration, the machine will be tested using various materials to validate its
performance, ensuring it meets the project's goals of cost-efficiency, functionality, and

reliability.

Figure 2: 3-Dimen.sional model of customized CNC machine
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Result and Conclusion:

In conclusion, the project is expected to result in the successful development of a cost-
effective, compact CNC machine capable of performing basic machining operations
such as cutting, milling, and engraving. The proposed system, built using open-source
hardware like Arduino UNO and GRBL firmware, aims to demonstrate precision control
over multiple axes using stepper motors and a lightweight frame structure. Upon
completion, the machine is anticipated to deliver satisfactory performance on soft
materials like acrylic, foam board, and plywood. It is expected to produce clean and
accurate tool paths with minimal errors, making it suitable for prototyping, academic

demonstrations, and hobbyist projects.

The project also intends to offer an interactive learning platform for students to
understand CNC technology and digital fabrication. The design emphasizes
modularity, affordability, and ease of use, which could make it a valuable addition to
educational institutions and maker labs. The final system will be tested for consistency,

repeatability, and safety.
Project Outcome & Industry Relevance:

The outcome of this project is a functional, low-cost CNC machine designed to bridge
the gap between industrial automation and accessible learning platforms. By
leveraging open-source hardware and software, the project makes CNC technology
affordable and replicable for educational institutions, startups, and individual makers.
This machine can serve as a hands-on training tool for students in engineering and
technical fields, allowing them to understand digital fabrication, G-code programming,
and machine control systems. In real-world settings, it holds potential for rapid
prototyping, custom part fabrication, and artistic applications like engraving and sign-
making. Its compact and modular design makes it ideal for deployment in labs,
workshops, and maker spaces where space and budget are limited. The project also
encourages innovation in low-volume production environments, contributing to the
growing need for decentralized, small-scale manufacturing solutions. Overall, this
project contributes meaningfully to the advancement of affordable automation, making

CNC technology more inclusive and industry-relevant at the grassroots level.
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Working Model vs. Simulation/Study:

The project is developed as a fully functional working model rather than a simulation
or theoretical study. The image illustrates the actual prototype of the cost-effective
CNC machine designed and fabricated for this purpose. The structure is made using a
wooden frame to minimize cost while maintaining mechanical stability. The machine
features a perforated working bed to securely hold the workpiece, with three stepper
motors facilitating motion along the X, Y, and Z axes. Each axis is driven by a lead
screw mechanism supported by linear guide rods, ensuring smooth and accurate linear
movement. A vertical tool holder mounted on the Z-axis allows for precise up-and-
down motion, enabling operations such as drawing or light engraving. The machine is
controlled by an Arduino microcontroller interfaced with a CNC Shield and stepper
motor drivers. G-code instructions generated using open-source software are fed into
the system, which are then interpreted by the microcontroller to drive the stepper

motors accordingly.

Figure 3: Prototype Model of Customized CNC Machine

The GRBL interface plays a crucial role in enabling communication between the user
and the CNC machine. As shown in the image, the Universal G-Code Sender (UGS)
is used as the graphical interface to interact with the GRBL firmware running on the
Arduino microcontroller. GRBL is an open-source firmware that interprets G-code
commands and translates them into precise stepper motor movements, allowing real-
time control of the CNC machine. Through UGS, the user can send G-code
instructions, monitor machine status, and manually jog the tool head along the X, Y,
and Z axes. The interface displays real-time position feedback and status indicators
such as "IDLE" or "RUNNING," offering complete visibility over the machine’s
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operations. The console window in the interface shows the executed

G-code and

system responses, confirming that commands like drilling operations or axis

positioning are carried out successfully.
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Figure 4: Universal G-Code Sender (UGS) Interface for GRBL Control

Project Outcomes and Learnings:

Key outcomes of the project include the successful design and fabrication of a cost-

effective CNC machine using open-source components. The project demonstrated the

feasibility of low-cost automation for educational and prototyping use cases. Through

this process, the team gained hands-on experience in mechanical design, circuit

integration, firmware configuration (GRBL), and G-code programming. Additionally, we

learned how to troubleshoot hardware issues, calibrate motion systems, and optimize

the machine’s performance within budget constraints. The project enhanced our

understanding of practical challenges in digital fabrication and machine control.
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Future Scope:
The future scope of this project includes:

1. Upgrade the current frame using durable materials like aluminum to enhance
stability and precision.

2. Integrate a higher-speed spindle motor to support machining of a wider variety
of materials.

3. Add safety features such as end-stop sensors, emergency stop buttons, and

dust management systems.
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