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ABSTRACT

This paper explores the transition from manual to
fully automated colour production, driven by the
increasing demand for high-quality and efficient
colour solutions in various industries. By
employing mixing tanks and automated
processes, the system ensures precise colour
mixing in specified proportions, catering to
industrial needs. The PLC technologies control,
enhancing accuracy and productivity.
Additionally, the study compares the
effectiveness of traditional manual methods with
modern digital approaches, demonstrating
comparable results in colour accuracy and quality
assurance
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INTRODUCTION

In the realm of paint manufacturing, precision and consistency are
paramount. The advent of Programmable Logic Controller (PLC) technology has
revolutionized paint mixing systems, offering unprecedented control and
efficiency in colour formulation processes. This introduction provides an
overview of a state-of-the-art PLC-based paint mixing system, highlighting its
key components, operational principles, and benefits.

The PLC-based paint mixing system under examination represents a
sophisticated integration of automation and precision engineering. At its core are
three specialized pumps, each meticulously calibrated to dispense Red (R), Green
(G), and Blue (B) paints with unparalleled accuracy. Governed by a timer set to
20-second intervals, the pumps engage in a sequential dance, orchestrating the
precise delivery of paint components into a designated mixing tank.

One of the system's notable features is its intelligent pump control
mechanism, which ensures that only two pumps operate simultaneously during
each dispensing cycle. This controlled approach not only optimizes paint
utilization but also minimizes the risk of cross-contamination between colour
components. Upon completion of the dispensing phase, the tank's cap closes,
sealing the chamber in preparation for the next stage of the process.

With the tank securely sealed, the heart of the system comes to life —the
mixer. Activated automatically, the mixer embarks on a meticulously
choreographed blending routine, agitating the paints within the tank for
precisely one minute. This duration is carefully calibrated to achieve thorough
homogenization of the paint components, ensuring consistent colour formulation
with each batch.

Following the completion of the mixing cycle, the system transitions
seamlessly to the next phase: paint evacuation. A dedicated mixer pump springs
into action, evacuating any remaining paint from the mixing tank with precision
and efficiency. This step minimizes waste and prepares the system for
subsequent colour formulations.

Ensuring hygiene and system readiness is the final act of the process —the
brush mechanism. Deployed to cleanse residual paint from system components,
the brush mechanism meticulously removes any traces of colour, safeguarding
against cross-contamination and ensuring optimal performance for future
operations.

In summary, the PLC-based paint mixing system represents a pinnacle of
innovation in paint manufacturing technology. Through its integration of precise
control mechanisms, intelligent automation, and meticulous design, this system
delivers unparalleled accuracy, efficiency, and reliability in colour formulation
processes. As the industry continues to evolve, PLC-based solutions such as this
are poised to redefine the standards of excellence in paint manufacturing,
empowering businesses to meet the demands of a dynamic market with
confidence and precision.
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LITERATURE REVIEW

1.

Evaluate System Performance: Conduct a comprehensive assessment of the
PLC-based paint mixing system to gauge its operational efficiency, accuracy,
and reliability in colour formulation processes.

Examine Component Functionality: Analyse the functionality and interaction
of key system components, including pumps, timers, mixers, and cleaning
mechanisms, to identify strengths, weaknesses, and opportunities for
optimization.

Assess Process Integration: Evaluate the seamless integration of individual
system processes, such as paint dispensing, mixing, evacuation, and cleaning,
to ensure smooth operation and minimize downtime between production
cycles.

Optimize Paint Utilization: Investigate the system's ability to optimize paint
utilization by precisely controlling dispensing quantities, minimizing waste,
and reducing the risk of cross-contamination between colour components.
Enhance System Reliability: Identify potential points of failure within the
PLC-based paint mixing system and propose strategies to enhance system
reliability, minimize downtime, and maximize throughput.

Improve User Experience: Assess the user interface and accessibility features
of the system to enhance user experience, streamline operation, and facilitate
efficient training for operators.

Ensure Regulatory Compliance: Evaluate the system's adherence to relevant
industry standards, safety regulations, and environmental guidelines to
mitigate risks and ensure compliance with legal requirements.

METHODOLOGY
Prior Methodology

1. Manual Paint Measurement and Pouring:
In the prior methodology, the paint mixing process relied heavily on
manual labour. Operators were responsible for measuring the required
quantities of Red (R), Green (G), and Blue (B) paints using measuring cups
or other measuring tools. This process was susceptible to human error,
leading to variations in the amount of each paint colour poured into the
mixing container. Additionally, the manual pouring process was time-
consuming and inefficient, especially when dealing with large quantities of
paint.

2. Manual Mixing:
Once the paints were poured into the mixing container, the next step
involved manual mixing. Operators used handheld tools such as paint
stirrers or mixing sticks to blend the colours together. This manual mixing
process lacked consistency and precision, as it relied heavily on the
operator's skill and effort. Achieving uniform colour distribution was
challenging, and slight variations in mixing technique could result in
noticeable differences in the final paint shade. Moreover, manual mixing
was labour-intensive and prone to fatigue, particularly for larger batches
of paint.
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3. Limited Control and Monitoring:
Another limitation of the prior methodology was the lack of control and
monitoring capabilities. Operators had limited visibility into the mixing
process and were unable to precisely control factors such as mixing speed,
duration, and consistency. This lack of control often led to suboptimal
results, with inconsistencies in colour matching and quality.

4. Cleaning and Maintenance:
After each mixing cycle, the mixing container and associated equipment
required manual cleaning and maintenance. Paint residue would often
accumulate inside the container and on mixing tools, necessitating
thorough cleaning to prevent cross-contamination between paint batches.
This manual cleaning process was time-consuming and labour-intensive,
adding to the overall inefficiency of the paint mixing operation.

Proposed Methodology

1. Automated Pump Operation:
In the proposed methodology, the paint mixing process is automated using a
Programmable Logic Controller (PLC) to control the operation of the paint
pumps. The PLC orchestrates the pumping sequence, ensuring precise control
over the amount of each paint colour added to the mixing tank. At any given
time, only two pumps operate simultaneously, pumping Red (R), Green (G),
or Blue (B) paint into the mixing tank. Each pump operates for a
predetermined duration of 20 seconds before being deactivated, ensuring
accurate and consistent paint quantities.

2. Programmable Logic Controller (PLC) Integration:
In the proposed methodology, the paint mixing system utilizes
a Programmable Logic Controller (PLC) as the central control unit. A PLC is
a specialized industrial computer that is programmable and used to automate
electromechanical processes. It operates based on a set of logic instructions
and can control various devices and equipment within the system. In the
context of the paint mixing system, the PLC controls the operation of pumps,
mixers, valves, and other components, ensuring precise control and
coordination of the mixing process.

PLC5 CompactLogix

Micrologix
1500

Allen-Bradiey PLCs

Figure 1. PLC Controls
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Programming with Logix Pro: Operators or engineers tasked with
programming the PLC for the paint mixing system can utilize Logix Pro
to create a customized control program. The programming process
typically involves the following steps:

1.

2.

Project Setup: Users create a new project in Logix Pro and define the
hardware configuration, including the PLC model and 1/O modules.
Ladder Logic Design: Using the graphical interface, users design the
ladder logic program to control the operation of pumps, mixers,
valves, and other components in the paint mixing system. They define
input and output tags, logic instructions, timers, counters, and other
control elements to orchestrate the desired sequence of operations.
Simulation and Testing: Once the ladder logic program is designed,
users can simulate the program within Logix Pro to verify its
functionality and troubleshoot any potential issues. The simulation
environment allows users to observe the behavior of the program in
real-time and make adjustments as needed.

Download to PLC: After successful simulation and testing, the
finalized PLC program is downloaded to the actual PLC hardware
using Logix Pro. The program is then executed on the PLC, controlling
the operation of the paint mixing system in real-world scenarios.
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Figure 2. Logix Pro

3. RGB Colour Model and Variance:

The RGB colour model is a widely used additive colour model in which

Red (R), Green (G), and Blue (B) light are combined in various proportions to
produce a broad range of colours. In the context of the paint mixing system, RGB
colours are used to achieve different paint shades by blending varying amounts
of red, green, and blue paints. Each colour component (R, G, B) is typically
represented by an 8-bit value ranging from 0 to 255, where 0 represents no
intensity (absence of colour) and 255 represents maximum intensity (full
saturation of colour).
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The variance in RGB colours refers to the range of possible colours that

can be achieved by adjusting the intensity levels of the red, green, and blue
components. By varying the proportions of each colour component, a wide
spectrum of colours can be created, ranging from primary colours (e.g., pure Red,
Green, Blue) to secondary colours (e.g., Cyan, Magenta, Yellow) and tertiary
colours (e.g., Orange, Purple, Lime). The variance in RGB colours allows for
precise control over the final paint shade, enabling the system to produce custom
colours tailored to specific requirements.

RGB
Figure 3. RGB

4. Controlled Mixing Process:

1008

Once the required amounts of paint are pumped into the mixing tank, the
tank's cap automatically closes, sealing the container. The PLC then
activates the mixer inside the tank to thoroughly blend the paints together.
The mixing process is controlled and monitored by the PLC, ensuring
uniform distribution of colours and consistent mixing results. The mixer
operates for a predetermined duration of 1 minute, providing sufficient
time for thorough blending and colour matching.

Paint Dispensing and Cleaning Mechanisms:

After the mixing process is complete, the PLC activates the mixer pump to
dispense the mixed paint from the tank. The mixer pump ensures that all
remaining paint is extracted from the tank, minimizing waste and
maximizing efficiency. Additionally, a cleaning brush mechanism is
activated to clean any residual paint from the inside of the tank, ensuring
that the container is thoroughly cleaned and ready for the next paint
mixing cycle. These automated dispensing and cleaning mechanisms
streamline the paint mixing process, reducing manual intervention and
increasing operational efficiency.

Monitoring and Control:

The proposed methodology incorporates monitoring and control features
to provide operators with real-time visibility into the paint mixing
process. The PLC monitors various parameters such as paint quantities,
mixing duration, and cleaning status, allowing operators to track the
progress of each mixing cycle. Additionally, the PLC enables operators to
adjust mixing parameters as needed, providing flexibility and control over
the paint mixing process.
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Advantages of Methodology
1. Automation reduces manual intervention, leading to increased efficiency
and consistency in paint mixing:

a)

By automating the paint mixing process using PLC control, the reliance on
manual labour is significantly reduced. This automation eliminates
human error associated with manual measurement, pouring, and mixing
of paint, leading to more consistent results.

The automated sequence of pump operation, mixing duration, and
cleaning ensures that each step of the process is executed with precision
and consistency, resulting in uniform paint shades and improved product
quality.

With reduced manual intervention, the paint mixing system operates
more efficiently, allowing for higher throughput and faster production
cycles. This increased efficiency translates to cost savings and improved
productivity for paint manufacturers.

2. Precise control over pump operation and mixing duration ensures accurate
colour blending:

1.

The PLC-based control system provides precise control over the operation
of paint pumps, allowing for accurate dispensing of Red (R), Green (G),
and Blue (B) paints into the mixing tank. This precise control ensures that
the desired proportions of each colour component are achieved, enabling
accurate colour blending.

Additionally, the PLC regulates the mixing duration to ensure thorough
blending of the paint colours. By controlling the duration of the mixing
process, the system can achieve consistent colour distribution and
minimize variance in the final paint shade.

The ability to finely tune pump operation and mixing parameters based
on specific requirements allows for greater flexibility in producing custom
paint colours tailored to customer preferences. This precision in colour
blending enhances the versatility and applicability of the paint mixing
system across various industries and applications.

3. The automated cleaning process maintains hygiene and prevents cross-
contamination between paint batches:

1.

1010

After each paint mixing cycle, the automated cleaning brush mechanism
ensures that any residual paint is effectively removed from the mixing
tank. This automated cleaning process minimizes the risk of cross-
contamination between paint batches and maintains hygiene standards in
the production environment.

By eliminating the need for manual cleaning, the system reduces
downtime between paint mixing cycles and increases overall throughput.
This improved efficiency in cleaning operations contributes to higher
productivity and cost-effectiveness.

Moreover, the automated cleaning process ensures consistency and
reliability in cleaning performance, eliminating variability associated with
manual cleaning methods. This consistency enhances product quality and
reduces the likelihood of defects or impurities in the final paint products.
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In summary, the proposed methodology offers several advantages over
traditional manual paint mixing approaches, including increased efficiency,
improved consistency, and enhanced hygiene standards. By leveraging
automation and precise control mechanisms, the system optimizes the paint
mixing process, resulting in higher-quality paint products and greater
operational efficiency for manufacturers.

Future Scope
The proposed PLC-based paint mixing system lays a solid foundation for
future advancements and enhancements in paint manufacturing technology.
Some potential areas for future development and improvement include:
1. Integration of Advanced Sensors:
Incorporating advanced sensors such as colour sensors and flow meters into
the paint mixing system can enable real-time monitoring of paint quality,
viscosity, and flow rates. These sensors provide valuable data insights for
process optimization and quality control, allowing for continuous
improvement in paint manufacturing processes.
2. Smart Control Algorithms:
Implementing smart control algorithms and machine learning techniques can
further enhance the precision and efficiency of the paint mixing system. By
analysing historical data and optimizing control parameters in real-time, these
algorithms can adaptively adjust pump operation, mixing parameters, and
cleaning processes to optimize performance and minimize waste.
3. Remote Monitoring and Control:
Introducing remote monitoring and control capabilities enables operators to
monitor and manage the paint mixing system from anywhere, using web-
based interfaces or mobile applications. This remote access facilitates proactive
maintenance, troubleshooting, and optimization of the system, enhancing
reliability and uptime.
4. Integration with Industry 4.0 Technologies:

Leveraging Industry 4.0 technologies such as Internet of Things (IoT), cloud
computing, and big data analytics can unlock new possibilities for automation,
connectivity, and data-driven decision-making in paint manufacturing. By
creating interconnected and intelligent manufacturing ecosystems,
manufacturers can achieve higher levels of efficiency, flexibility, and
sustainability.

5. Customization and Personalization:

With the increasing demand for customized and personalized paint products,
there is a growing need for paint mixing systems capable of producing a wide
range of colours and shades on-demand. Future developments in paint mixing
technology should focus on enhancing flexibility, scalability, and
customization capabilities to meet diverse customer requirements.

CONCLUSIONS AND RECOMMENDATIONS

The proposed PLC-based paint mixing system represents a significant
advancement in paint manufacturing technology, offering numerous benefits in
terms of efficiency, consistency, and quality. By automating the paint mixing
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process and incorporating precise control mechanisms, the system streamlines
operations, reduces manual intervention, and improves productivity for
manufacturers.

Furthermore, the integration of advanced features such as remote
monitoring, smart control algorithms, and Industry 4.0 technologies opens up
exciting possibilities for future innovation and optimization. These
developments hold the potential to transform the paint manufacturing industry,
enabling manufacturers to achieve higher levels of efficiency, flexibility, and
sustainability in their operations.

In conclusion, the proposed paint mixing system not only addresses
current challenges but also sets the stage for continued evolution and
advancement in paint manufacturing technology. With ongoing research,
development, and collaboration, the future of paint mixing holds great promise
for delivering even greater efficiency, quality, and innovation to meet the
evolving needs of customers and industries.

ADVANCED RESEARCH

In writing this article the researcher realizes that there are still many
shortcomings in terms of language, writing, and form of presentation
considering the limited knowledge and abilities of the researchers themselves.
Therefore, for the perfection of the article, the researcher expects constructive
criticism and suggestions from various parties.
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