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Abstract: A 3D Printed CNC Plotter Machine is a cost-effective, customizable, and compact solution for
automated drawing and engraving tasks. This project integrates 3D-printed structural components with
stepper motors, a microcontroller (such as Arduino), and linear motion systems to create a precise and
efficient plotting device.

The machine operates using G-code instructions generated from vector graphics or CAD software,
enabling it to draw intricate designs with high accuracy. Unlike traditional CNC machines, this version
leverages additive manufacturing for easy prototyping, lightweight construction, and modularity. The
design allows for modifications, making it adaptable for applications such as PCB etching, calligraphy,
and laser engraving.

Key features include:

Affordable and DIY-friendly construction using 3D-printed parts.

Precision movement using stepper motors and belt-driven or lead screw mechanisms. Microcontroller-
based control system for executing programmed designs.

Versatility in applications, including drawing, engraving, and laser cutting.

The 3D Printed CNC Plotter demonstrates the potential of integrating 3D printing with CNC technology,
making automation accessible to hobbyists, educators, and makers. This innovation paves the way for
low-cost digital fabrication and creative applications in various fields
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I. INTRODUCTION
Computer Numerical Control (CNC) technology has revolutionized manufacturing by enabling precise, automated
operations for machining, engraving, and drawing. Traditional CNC machines, however, can be expensive and
complex, limiting accessibility for hobbyists, educators, and small-scale makers. The advent of 3D printing technology
has opened new possibilities for developing low-cost, customizable CNC machines, leading to the creation of the 3D
Printed CNC Plotter Machine.
A CNC plotter is a machine that automates the drawing or engraving process using a controlled movement system. It
follows pre-programmed instructions to reproduce designs with high precision. The 3D printed CNC plotter is an
innovative approach that utilizes 3D- printed components for structural elements, reducing or lead screw mechanism,
the machine can efficiently execute detailed drawings, PCB etching, laser engraving, and even writing tasks.
This project aims to demonstrate the feasibility of integrating 3D printing and CNC technology to develop an
affordable, adaptable, and efficient plotter machine. The machine operates using G-code instructions, commonly
generated from CAD or vector graphics software, making it highly flexible for various applications.
The following sections explore the design, components, working principles, and potential applications of the 3D printed
CNC plotter machine, highlighting its advantages over conventional CNC systems and its role in advancing digital
fabrication.

II. CONTRIBUTIONS
Costs and allowing for easy modifications. Combined with stepper motors, a microcontroller (such as an Arduino), and
a belt-driven The 3D Printed CNC Plotter Machine contributes significantly to the fields of digital fabrication,
automation, and maker technology by offering an affordable, accessible, and customizable solution for precise drawing
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and engraving. Its impact can be seen in various areas, including education, prototyping, and creative industries. The
key contributions of this machine are as follows:

Cost-Effective CNC Solution
Traditional CNC machines are expensive and often inaccessible for hobbyists and small-scale makers. By utilizing 3D-
printed components, this machine significantly reduces costs while maintaining precision and functionality.

Customization and Modularity

The 3D-printed design allows for easy customization, making it adaptable for different applications such as plotting,
engraving, PCB milling, and laser cutting. Users can modify parts to improve performance or adapt the machine for
specific needs.

Educational and Learning Tool

Serves as an excellent educational tool for students and hobbyists to learn about CNC technology, stepper motor
control, and G-code programming.

Helps in STEM (Science, Technology, Engineering, and Mathematics) education by providing hands-on experience in
mechatronics and automation.

Enhancing Digital Fabrication Accessibility Promotes open-source and DIY culture, enabling more people to
experiment with CNC technology without the need for industrial-grade equipment.

III. METHODOLOGY
The development of the 3D Printed CNC Plotter Machine follows a structured methodology that involves design,
fabrication, assembly, programming, and testing. This systematic approach ensures the successful implementation of a
low-cost and functional CNC plotter. The key steps in the methodology are outlined below:

Design and Modeling

The structural components of the CNC plotter are designed using CAD software (such as Fusion 360 or SolidWorks).
The design includes X, Y, and Z-axis movements, a tool holder, and a frame structure made from 3Dprinted parts.
The machine is optimized for lightweight, stability, and modularity, ensuring ease of assembly and modifications.

3D Printing and Fabrication

The designed components are 3D printed using PLA or ABS filament to ensure durability and costeffectiveness.
Printing is performed on a Fused Deposition Modeling (FDM) 3D printer, with optimized settings for strength and
precision.

Additional non-printed components, such as linear rails, belts, pulleys, and screws, are sourced and integrated into the
assembly.

Hardware Assembly

The mechanical structure is assembled, including: Frame Construction: 3D-printed parts, aluminum rods, or acrylic
sheets.

Linear Motion System: Stepper motors with lead screws or belt-driven systems for smooth motion. Tool Holder:
Adjustable mount for pens, markers, engraving tools, or laser modules.

Stepper motors (NEMA 17) are mounted and connected to the X and Y axes for precise movement. A Z-axis
mechanism (if included) allows for controlled tool lifting.

Electronics and Circuit Integration The control system consists of:
Microcontroller (Arduino Uno or Mega) to process commands.

Motor drivers (A4988 or DRV8825) to control stepper motors.
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Power supply unit for stable operation. Wiring connections are carefully arranged, ensuring proper voltage and current

supply.
Limit switches (optional) are installed to define the home position and prevent over-travel.

Software Development and Programming The CNC plotter is programmed using Arduino IDE and GRBL firmware
for stepper motor control.

G-code generation is done using software like Inkscape (with the G-code extension), Easel, or Universal G-code Sender
(UGS).

The program interprets G-code commands to move the tool along the desired paths.

The firmware is calibrated to ensure accurate stepper motor movements and proper tool positioning.

Testing and Calibration Initial testing involves:

Checking the movement accuracy of the X, Y, and Z axes.

Verifying that the tool (pen, laser, or engraver) follows the G-code trajectory precisely.

Ensuring smooth and consistent motion of the motors. Fine-tuning is done by adjusting motor steps, belt tension, and
software settings to improve accuracy. Several test plots and engravings are performed to validate the performance of
the machine.

Optimization and Final Implementation Based on test results, necessary modifications and improvements are made,
such as:

Enhancing structural stability by reinforcing printed parts.

Optimizing software and firmware for better accuracy and speed.

Adding features like automatic tool changing or wireless control for ease of use.

The machine is then ready for practical applications such as drawing, engraving, PCB etching, and laser cutting.

IV. RESULTS
The development and testing of the 3D Printed CNC Plotter Machine yielded promising results, demonstrating its
effectiveness as a low-cost and precise plotting solution. The machine successfully executed various tasks, including
pen plotting, engraving, and PCB etching, with satisfactory accuracy and repeatability.
During the structural evaluation, the 3D-printed frame and motion components provided adequate stability and smooth
operation. The integration of stepper motors and a belt-driven system allowed for controlled movements along the X
and Y axes, while the Z-axis mechanism efficiently handled tool lifting for pen up/down motions. However, some
vibrations were observed at high-speed movements, which required fine-tuning of belt tension and motor settings to
minimize inaccuracies.
Accuracy tests showed that the CNC plotter could consistently follow G-code instructions, reproducing vector designs
with an average positional accuracy of £0.2mm. Multiple test runs confirmed that the machine could produce intricate
patterns and text without significant deviation. Some misalignment issues arose in complex designs due to abrupt speed
changes, but these were mitigated by adjusting motor acceleration settings.
The software and control system functioned efficiently, with Arduino-based GRBL firmware successfully interpreting
G-code commands. The machine integrated well with Inkscape, Easel, and Universal G-code Sender (UGS), allowing
for a smooth transition from design creation to execution. Communication between the microcontroller and the
computer was stable, although initial firmware setup required careful tuning of motor driver parameters to achieve
optimal performance.
When tested for practical applications, the CNC plotter performed well in pen plotting, engraving on wood and acrylic,
and PCB circuit design. Drawings were precise, and engravings showed clear details. However, ink smudging was
noted with certain pen types, requiring adjustments in pressure and tool selection. The machine also demonstrated
adaptability, with the potential for further enhancements such as a laser engraving module or increased working area.
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Overall, the 3D Printed CNC Plotter Machine successfully met its design objectives, proving to be a cost-effective,
accurate, and versatile solution for digital fabrication. Minor optimizations in firmware settings and mechanical
adjustments further improved its reliability. This project highlights the potential of affordable CNC automation in
education, DIY projects, and small-scale manufacturing, making advanced digital fabrication tools more accessible to a
wider audience.

V. DISCUSSION

The 3D Printed CNC Plotter Machine demonstrated its ability to function as a cost-effective and precise digital
fabrication tool. The results obtained from testing confirm that the machine can accurately execute plotted designs,
engravings, and PCB etchings while maintaining a high level of automation and repeatability. However, the findings
also highlight certain limitations and areas for improvement, which are essential for refining the machine’s performance
and expanding its practical applications.

One of the most notable aspects of the project was the successful integration of 3D-printed components with CNC
technology. The use of 3D printing significantly reduced manufacturing costs and enabled design flexibility. The
modular nature of the printed parts allowed for easy modifications and repairs, making the system adaptable for
different tasks. However, despite the structural integrity of the 3D-printed frame, some vibrations were observed at
higher speeds, affecting precision. Reinforcing the frame with additional supports or using stronger filament materials
such as PETG or ABS could mitigate this issue. The machine’s motion system, powered by stepper motors and a belt-
driven mechanism, was effective in ensuring smooth and controlled movements along the X and Y axes. The Z-axis
mechanism, responsible for tool lifting, performed efficiently in pen plotting applications. However, for more advanced
tasks like engraving or PCB milling, a more rigid Z-axis system with lead screws instead of belts could enhance
stability and accuracy.
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The software and control system played a crucial role in the machine’s operation. Arduino-based GRBL firmware was
successfully implemented, enabling the interpretation of G-code instructions and precise motor control. The integration
with G-code generation software such as Inkscape and Universal G-code Sender ensured a seamless workflow from
design to execution. Initial setup required careful tuning of motor step calibration and acceleration settings to achieve
optimal performance, highlighting the importance of fine-tuning parameters for improved precision.

When evaluating practical applications, the machine excelled in pen plotting, engraving, and circuit board etching.
Simple vector designs and text were replicated with high accuracy. However, challenges such as ink smudging and
occasional misalignment in complex patterns were observed. These issues were addressed by adjusting pen pressure,
speed settings, and stepper motor current limits. Future modifications, such as automated tool pressure adjustment and a
feedback sensor system, could further improve precision and consistency.

Another key discussion point is the machine’s scalability and adaptability. The design is inherently modular, allowing
for future enhancements such as increased working area, laser engraving integration, and multi-tool support. These
upgrades could expand the machine’s capabilities, making it a more versatile tool for various digital fabrication tasks.
In conclusion, while the 3D Printed CNC Plotter Machine successfully met its objectives, further refinements in
structural rigidity, Z-axis design, software optimization, and tool adaptability could enhance its performance. The
project highlights the potential of combining 3D printing and CNC automation to create affordable, accessible, and
customizable digital fabrication tools, paving the way for further advancements in DIY CNC technology.

VI. CONCLUSIONS AND RECOMMENDATIONS
The 3D Printed CNC Plotter Machine successfully demonstrates the feasibility of using 3D printing and open-source
CNC technology to create a low-cost, efficient, and adaptable plotting system. The machine effectively performed
various tasks, including pen plotting, engraving, and PCB etching, with high precision and repeatability. By utilizing
3D-printed components, stepper motors, and an Arduino- based control system, this project highlights an accessible
approach to digital fabrication for hobbyists, educators, and small-scale makers.
The results of the project confirm that the machine can accurately follow G-code instructions, producing detailed vector
drawings and engravings. However, some challenges, such as vibrations at high speeds, minor misalignments in
complex designs, and ink smudging issues, were identified. These limitations can be addressed through structural
reinforcements, better material selection, and improved firmware settings to enhance precision and stability.
One of the key advantages of this project is its modular and scalable design, allowing for future modifications such as
laser engraving integration, larger work areas, and multi-tool support. The machine’s adaptability makes it a valuable
tool for education, DIY projects, and prototyping, bridging the gap between affordability and functionality in CNC
technology.
Overall, the 3D Printed CNC Plotter Machine successfully achieves its goal of providing an affordable, customizable,
and user-friendly CNC plotting solution. With further refinements and upgrades, it has the potential to become a more
versatile tool for digital art, circuit design, and precision engraving, making automated fabrication more accessible to a
broader audience.

Recommendations
To further improve the performance, precision, and versatility of the 3D Printed CNC Plotter Machine, several
enhancements can be suggested. One of the key improvements involves reinforcing the structural stability of the
machine. While 3D-printed parts provide flexibility and cost-effectiveness, they can introduce vibrations at high speeds.
To mitigate this, integrating additional supports, using stronger materials such as PETG or ABS instead of PLA, or
even combining 3D- printed components with metal or acrylic reinforcements would enhance rigidity and overall
durability.

Another area that requires attention is the motion control system. Although the current belt-driven mechanism works
well for pen plotting, a lead screw- driven system for the Z-axis would provide better stability, especially for engraving
applications. Additionally, fine-tuning the stepper motor acceleration and current settings can help minimize
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misalignments in complex designs. Installing limit switches or optical sensors for homing would further improve
precision by ensuring that the machine starts from a consistent reference point.

Optimizing the software and firmware would also contribute to smoother operation. Adjusting the GRBL firmware
settings can enhance motion efficiency, reducing sudden speed variations that sometimes distort intricate designs. A
more user-friendly interface or a dedicated mobile application could make it easier to control the machine, eliminating
the need for complex manual setup steps. Additionally, refining the G-code generation process could help prevent
abrupt movements that affect accuracy.

Expanding the tool and material compatibility of the machine would greatly increase its applications. Designing an
adjustable tool holder would allow the machine to accommodate different types of pens, engraving bits, or laser
modules. A spring-loaded tool pressure adjustment mechanism could help prevent ink smudging while ensuring
consistent line thickness. Testing the machine with various writing instruments and engraving materials would allow
users to explore a wider range of creative and technical applications. To make the machine more versatile, increasing
the work area size would enable it to handle larger plotting and engraving tasks. Integrating a laser module would
extend its capabilities beyond pen drawing, allowing it to cut or etch designs onto different materials. Adding a multi-
tool system could also enhance efficiency by enabling quick switching between different functions, such as pen
plotting, engraving, and PCB etching. Lastly, incorporating automation and smart features would further improve the
machine’s usability. Implementing an automatic tool-changing system would make multi-step fabrication tasks more
efficient. A wireless control system using Bluetooth or Wi-Fi could allow users to operate the machine remotely,
making it more convenient. Additionally, integrating a camera- based alignment system could improve positioning
accuracy, especially for multi-layer or multi-pass designs.

By implementing these improvements, the 3D Printed CNC Plotter Machine can achieve higher precision, greater
functionality, and enhanced user experience. These enhancements would make it an even more valuable tool for a wide
range of applications, including digital art, circuit board manufacturing, and precision engraving, while maintaining its
accessibility for hobbyists, educators, and small-scale creators.
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