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ABSTRACT

The Automatic DIY Screen Printing Machine is designed to simplify and automate the traditional screen
printing process, enabling precise and consistent printing on various surfaces such as fabric, paper, and
cardboard. The machine integrates a stepper motor-driven mechanism with an Arduino-based control system
to automate the movement of the squeegee and substrate. By reducing human intervention, it enhances
efficiency, improves print accuracy, and minimizes material wastage. This project is cost-effective, compact,
and suitable for small-scale industries, workshops, and hobbyists interested in custom printing. The DIY
approach allows users to assemble, modify, and maintain the system easily, making it an educational and
practical tool for learning automation and robotics concepts. Overall, this machine bridges the gap between
manual craftsmanship and automated production, providing a flexible and innovative solution for
customized printing needs.
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1. INTRODUCTION

Screen printing is a popular and versatile printing technique widely used in industries, schools, and small
businesses for transferring designs onto various materials such as textiles, paper, plastics, glass, and metals. It is
particularly favored for its ability to produce vivid, long-lasting prints on a wide range of surfaces. Traditional
screen printing, however, involves a manual process in which a squeegee is used to push ink through a mesh
stencil onto the substrate. While effective, manual screen printing is labor-intensive, time-consuming, and
highly dependent on operator skill, often resulting in inconsistencies in print quality. The need for precision,
efficiency, and repeatability in printing processes has led to the development of automated solutions that can
replicate the manual process with minimal human intervention. The Automatic DIY Screen Printing Machine is
an innovative solution designed to automate the screen printing process while keeping the system affordable,
easy to assemble, and adaptable to different printing requirements. This machine integrates mechanical,
electrical, and electronic components to replicate the motion of manual screen printing accurately. The core of
the system is an Arduino microcontroller, which serves as the brain of the machine. It controls stepper motors
that drive the squeegee and substrate movement along pre-programmed paths, ensuring uniform pressure,
accurate alignment, and consistent ink deposition. By automating these movements, the machine eliminates
human errors such as uneven pressure, misalignment, or over-inking, significantly improving print quality and
reducing wastage of materials. One of the key advantages of this DIY approach is its modularity and flexibility.
Users can modify the machine to accommodate different substrate sizes, squeegee dimensions, and printing
speeds according to their needs.

The open-source nature of the control system allows hobbyists, students, and small-scale entrepreneurs to learn
about automation, embedded systems, and robotics while creating a practical tool for production. The use of
stepper motors and sensors not only ensures precision but also enables programmable printing cycles, making it
possible to perform repeated prints with minimal supervision. Additionally, the compact and lightweight design
of the DI'Y machine makes it suitable for small workshops or home setups where space and cost constraints are
critical factors. Automation in screen printing also contributes to time efficiency. A task that might take several
minutes or even hours manually can be completed in a fraction of the time using an automatic system. This
feature is particularly valuable for batch printing or custom merchandise production, where consistency and
speed are crucial. Furthermore, the project promotes sustainability by reducing material wastage and lowering
the energy requirements compared to large industrial machines. In conclusion, the Automatic DIY Screen
Printing Machine bridges the gap between traditional craftsmanship and modern automation. It combines the
educational benefits of a DIY project with the practicality of an automated production system. By providing
precise, consistent, and efficient printing capabilities at an affordable cost, it empowers small businesses,
hobbyists, and educational institutions to create high-quality prints with ease. This project not only demonstrates
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the potential of combining electronics and mechanics in automation but also encourages innovation and learning

in the field of embedded systems and manufacturing technology.

1.1 OBJECTIVE

e To automate the movement of the squeegee and substrate using stepper motors and a microcontroller,
reducing manual labor and ensuring uniform print quality.

e To achieve accurate alignment and consistent ink deposition across multiple prints, minimizing errors such
as smudging, uneven pressure, or over-inking.

e To create a modular design that allows easy assembly, maintenance, and customization, making it
accessible for students, hobbyists, and small-scale industries.

e To develop an affordable screen printing machine using readily available components, making automation
accessible to small workshops and educational institutions.

e To provide a practical platform for learning automation, embedded systems, robotics, and control
mechanisms through hands-on implementation.

e To reduce printing time and material wastage compared to traditional manual screen printing methods,
thereby improving productivity.

2. LITERATURE SURVEY

Several researchers have explored automation and control systems in screen printing and related printing
technologies to improve precision, efficiency, and reduce manual intervention. Priyadharson and Surarapu
(2017) developed a PLC-HMI based automatic screen-printing system, where a programmable logic controller
(PLC) and human-machine interface (HMI) were used to automate printing operations, synchronizing lifting and
wiping processes with minimal manual input, achieving high speed and reliable prints through servo motor
control and ladder logic programming.

In a similar vein, Sachin R. C. et al. (2017) presented the design and fabrication of an automatic pneumatic
screen-printing machine, which incorporated pneumatic cylinders and sensors controlled by an Arduino board to
move the squeegee and material automatically. This design aimed to reduce human effort, optimize printing
force and speed, and improve print quality compared with manual methods. Automated screen printing has also
been addressed in academic project reports and engineering theses focusing on the need for mechanized motion
control. For example, Dedhia (2021) emphasized the importance of automating squeegee motion and substrate
handling to enhance print quality and production rates, particularly in small industries where manual processes
are still common. Beyond specific screen-printing systems, broader research has examined automation
techniques in related manufacturing processes. Studies on automation control systems indicate that integrating
electrical control units such as PLCs, microcontrollers, sensors, and actuators—can significantly enhance
process consistency and reduce errors. For instance, automation frameworks applied in other printing and
manufacturing contexts demonstrate how coordinated control logic improves throughput and reliability.
Although focused more broadly on printing quality and assessment rather than machine design, Hussain (2019)
proposed a stochastic assessment and machine learning-based quality control technique for industrial printing,
illustrating how automated quality inspection can complement physical automation to ensure high standards in
print output.

3. DESIGN AND CONSTRUCTION OF AUTOMATIC DIY SCREEN PRINTING MACHINE

The design and construction of the Automatic DIY Screen Printing Machine focus on achieving precise,
repeatable printing while maintaining simplicity, affordability, and ease of fabrication. The system is divided
into three main sections: mechanical structure, electronic control system, and actuation mechanism. Each
section is carefully designed to work in coordination, ensuring smooth and reliable operation of the printing
process. The mechanical design forms the backbone of the system. A rigid frame is constructed using aluminum
profiles, plywood, or mild steel, depending on availability and cost considerations. The frame provides stability
and minimizes vibrations during operation, which is crucial for maintaining print accuracy. A flat and level
printing bed is mounted on the frame to hold the substrate securely in place. Clamps or adjustable holders are
used to prevent any movement of the material during the printing cycle. Above the printing bed, a screen frame
with fine mesh is mounted using hinges or fixed supports, allowing easy lifting and alignment of the screen for
repeated prints. The squeegee assembly is a critical mechanical component of the system. It consists of a rubber
or silicone blade mounted on a holder that is attached to a linear motion mechanism. Linear guide rails or
smooth sliding rods are used to ensure straight and frictionless movement of the squeegee across the screen. The
design ensures uniform pressure distribution across the entire width of the squeegee, which is essential for even
ink transfer. The squeegee holder is designed to allow height and angle adjustments, enabling the user to
optimize printing conditions for different inks and substrates. The actuation system is designed using stepper
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motors or DC geared motors, selected for their accuracy and reliability. The motor is connected to the squeegee
assembly through a lead screw or timing belt and pulley arrangement.

[~ |

A lead screw mechanism is preferred for precise control and smooth movement, while belt-driven systems offer
higher speed. Limit switches are mounted at both ends of the travel path to define the start and end positions of
the squeegee, preventing overtravel and mechanical damage. The electronic control system is built around an
Arduino microcontroller, which serves as the central processing unit of the machine. The Arduino is
programmed to control motor speed, direction, and timing of the printing cycle. Motor driver modules such as
L298N or A4988 are used to interface the motors with the microcontroller, supplying the required current and
voltage. Push buttons are incorporated for user control, allowing the operator to start, stop, or reset the printing
operation easily. A regulated DC power supply provides stable power to all electronic components. During
construction, all mechanical parts are assembled first to ensure proper alignment and smooth motion. The
electronic components are then mounted securely on the frame and connected according to the circuit design.
After assembly, calibration is performed by adjusting motor speed, squeegee pressure, and travel length to
achieve optimal print quality. Testing is carried out using different substrates and ink types to verify consistency
and reliability. In conclusion, the design and construction of the Automatic DIY Screen Printing Machine
successfully integrate mechanical precision with electronic automation. The system offers a robust, low-cost
solution for automated printing while providing flexibility for modifications and upgrades. This makes it
suitable for educational purposes, small-scale production, and DIY automation projects.

4. WORKING & IMPLEMENTATION

The Automatic DIY Screen Printing Machine operates by automating the traditional screen printing process
using a combination of mechanical motion, electronic control, and programmed logic. The working principle is
based on the controlled movement of a squeegee over a screen frame to transfer ink uniformly onto a substrate
placed on the printing bed. Automation ensures precision, consistency, and repeatability while reducing human
effort. Initially, the desired design is prepared on a screen using a stencil or emulsion coating process. The
screen frame is mounted securely on the machine above the printing bed, ensuring proper alignment. The
substrate such as fabric, paper, or plastic is placed on the printing bed and fixed using clamps or holders to
prevent any movement during printing. Ink is then applied manually along one edge of the screen in front of the
squeegee. Once the setup is complete, the operator initiates the printing cycle by pressing the start button.

The Arduino microcontroller receives the input signal and executes the pre-programmed sequence. The motor
driver activates the stepper motor, which moves the squeegee along the linear guide rails. As the squeegee
moves forward, it applies uniform pressure on the screen, forcing the ink through the mesh openings onto the
substrate in the form of the desired pattern. The motor speed and travel distance are carefully controlled to
ensure consistent ink deposition. Limit switches positioned at both ends of the squeegee path play a vital role in
the working process. When the squeegee reaches the end position, the limit switch sends a signal to the Arduino,
indicating the completion of the forward stroke. The microcontroller then stops or reverses the motor depending
on the programmed logic. In some implementations, a return stroke is performed to reposition the squeegee for
the next printing cycle. This automated control prevents overtravel, reduces mechanical stress, and ensures safe
operation.

The implementation of the system focuses on integrating hardware and software components efficiently. The
Arduino is programmed using the Arduino IDE, where parameters such as motor speed, delay time, and humber
of printing cycles can be adjusted. This flexibility allows the machine to handle different ink viscosities and
substrate types. During implementation, calibration is carried out by adjusting squeegee pressure, motor speed,
and screen height to achieve optimal print quality. Power is supplied through a regulated DC power source,
which provides stable voltage to the microcontroller and motors. Safety measures such as emergency stop
switches and proper insulation of electrical connections are incorporated to ensure reliable operation. The
compact and modular design allows easy troubleshooting, maintenance, and future upgrades such as the addition
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of a display unit, wireless control, or multiple color printing. In practical implementation, the machine
demonstrates significant improvement over manual screen printing. It reduces printing time, enhances
uniformity, and minimizes ink wastage. The ability to perform repetitive printing cycles with consistent results
makes it suitable for small-scale production, educational demonstrations, and DI'Y automation projects.

5. CONCLUSIONS

The Automatic DIY Screen Printing Machine project successfully demonstrates how automation can enhance
the efficiency and accuracy of the traditional screen printing process. By integrating mechanical components
with an Arduino-based control system, the machine automates the movement of the squeegee, ensuring uniform
ink distribution and consistent print quality. This reduces common problems associated with manual screen
printing such as uneven pressure, misalignment, and material wastage. The project offers a cost-effective and
compact solution suitable for small-scale industries, educational institutions, and DIY enthusiasts. Its modular
design allows easy assembly, maintenance, and customization according to different printing requirements.
Additionally, the system provides practical exposure to automation, embedded systems, and mechanical design,
making it an excellent learning platform for students. The implementation of the Automatic DIY Screen Printing
Machine improves productivity by reducing printing time and human effort while maintaining reliable and
repeatable results. Overall, this project bridges the gap between manual and automated printing methods and
demonstrates the potential of low-cost automation in manufacturing. With further enhancements such as multi-
color printing or advanced control interfaces, the system can be expanded for broader industrial applications.
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