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Abstract

In today's world of rapid industrialization, the demand for effective sorting mechanisms is crucial
to meet the surging production rates. This study delves into the integration of Programmable Logic
Controllers (PLC) for metal detection and sorting processes. The envisioned systems employ PLC-
controlled DC-geared motors, conveyor belts, proximity sensors, and pneumatic systems, creating
a sophisticated setup for precise and automated sorting based on metallic properties. Performance
evaluation was conducted to assess the traditional sorting system with the PLC of this study. There
was improvement in the PLC derived from this study up to 43.7 — 46.3 %. This research
significantly adds to the PLC applications, presenting a structured approach to streamline industrial
processes, diminish reliance on manual labor, and elevate overall productivity.

Keywords: Programmable Logic Controllers (PLC), metal detection, automated sorting,
productivity optimization.

1.0 Introduction for multiple inputs and output arrangements,
In the realm of modern industrial processes, offering extended temperature ranges,
the integration of automation technologies resistance to electrical noise, and durability
has become pivotal for enhancing efficiency against vibrations and impacts (Kayange &
and precision (Choudhary & Abidi, 2020; Mbonde, 2015).

Kumar & Bhagyashri, 2018; Singh et al.,
2016). A standout application in this domain
is the Programmable Logic Controller (PLC)
(Khaing et al., 2018), a digital computer
designed to automate electromechanical
processes (Haidong et al., 2019). Unlike
conventional computers, PLCs are tailored

This Metal Sorting System employs a
sophisticated approach, utilizing precise
ladder logic programs implemented in the
PLC to govern the sorting process. The
integration of proximity sensors adds an extra
layer of accuracy, enabling the system to
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discern metallic properties with high
precision (Thakur et al., 2021). As industries
globally transition towards automation, our
project aligns with the ethos of Low-Cost
Automation (LCA) to optimize sorting
processes  efficiently. By  combining
mechanical components like conveyors and
motors with PLC-controlled intelligence, we
present a comprehensive solution to the
challenges posed by modern industrial
sorting needs. This project not only
contributes to the efficiency of industrial
processes but also holds promise for
applications in waste management, mineral
sorting, agricultural grading, and beyond
(Bogar et al., 2021; Gaikwad et al., 2022).
The utilization of PLCs as the central control
unit ensures not only speed and performance
but also reliability, making this Metal Sorting
System a valuable asset in the evolving
landscape of industrial automation (Oyewo et
al., 2023; Singaravelan et al., 2021).

Researchers have delved into the application
of Programmable Logic Controllers (PLCs)
in the realm of metal detection and sorting.
These investigations frequently delve into the
incorporation of microcontrollers alongside
sensors and various components to
accomplish meticulous and automated metal
detection. Mathivanan (2020) examined the
utilization of a Raspberry Pi microcontroller
in the development of a metal sorting system
applied to the food industry. Similarly, Al
Fahim et al. (2023) concentrated on
employing an Arduino microcontroller to
create a metal detector system (Mujiarto et
al., 2020). Both projects successfully
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identified metals for diverse applications,

demonstrating the efficiency and accuracy of
their respective systems. Nevertheless, a
drawback lies in the potential inadequacy of
the chosen controllers to withstand harsh
industrial conditions, including vibrations,
heat, noise, etc (Rallabandi et al., 2023).

The project focuses on harnessing the power
of PLCs in the development of a Metal
Sorting System. The manufacturing industry,
driven by the need for increased productivity
(Alnema et al., 2023), reduced manual labor,
and uniformity in manufacturing, demands
robust sorting mechanisms. Industries often
struggle with the sorting of objects based on
dimensions, colors, weight, and, notably,
metallic properties (Adebimpe et al., 2022;
Debnath et al., 2023). Traditional sorting
methods struggle to keep pace with rising
production rates and diverse product
variations. This study proffer solution that
involves the strategic use of PLC-controlled
systems, including DC motors, conveyor
belts, and sensors, to systematically and
accurately sort metallic objects. The aim is to
provide an automated solution for the
segregation of metal and non-metal
materials, addressing the challenges posed by
contemporary industrial sorting
requirements.

2.0 Materials and methodology

The system comprises a 24VDC FX-
IN24MR Mitsubishi PLC, an inductive metal
detector, a proximity sensor, a DC motor, and
push buttons, as illustrated in Figure 1. Table
1 also shows the list of materials used and
PLC address assigned to each component.
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Figure 1: Component configuration of PLC Based metal sorting system

Table 1: Materials used and PLC address assigned

SIN  Components Alias PLC -Address Ratings  Contact
1 Start Push button STR INPUT-X001 240V\DC  NO
2 Stop Push button STP INPUT-X002 2MDC  NC
3 Metal sensor MS INPUT-X002 20MDC  NC
4 Proximity Sensor PR INPUT-X003 240VDC  NC
5 Conveyor motor MTR OUTPUT-Y000  24vDC  N/A
6 Pneumatic Slider  PNS OUTPUT-Y001  24VDC  N/A
7 Green LED ON OUTPUT-Y002  24VDC  N/A
8 Red LED OFF OUTPUT-Y003  24VDC  N/A

At the core of the design is the 24VDC
Mitsubishi PLC (FX1N24MR), providing 8
digital input and 6 digital output terminals to
interface with sensors and actuators. The
conveyor belt serves as the transportation
medium for objects to be sorted, running
from one end to another. Positioned along the
conveyor belt is an inductive metal sensor
designed to detect metallic objects. This
sensor operates by generating a stable
frequency, which is disturbed when a metal
object is in proximity, distorting the
frequency. When this distortion surpasses the
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predetermined threshold, a logic signal of 1 is
sent to the PLC, which stores this signal in an
address memory. As the conveyor continues
its motion, when an object approaches the
second proximity sensor, functioning as an
object detector, a logic signal of 1 is sent to
the PLC. The PLC then compares this logical
signal from the proximity sensor with the one
from the inductive sensor. If the result is 1,
indicating both metal detection and object
presence, a pneumatic slider is activated. The
slider propels the metallic object off the
conveyor belt into a designated container.
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Conversely, if the logical operation yields a
result of O (indicating no metal detection), the
belt continues to roll, and the object naturally
falls off at the end of the belt into a separate
container. This process effectively segregates
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metallic and non-metallic objects. The
system incorporates start, stop, and

emergency stop buttons to control its
operation. Refer to Figures 2 and 3 for the
block diagram and operational flow chart.
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Figure 2: System block Diagram
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Figure 3: Flowchart for PLC based Metal Sorting System
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3.0 Results and discussion

The integration of Programmable Logic
Controllers (PLC) with proximity sensors
and inductive metal detectors enabled the
precise detection of metallic properties in the
sorting process. The system exhibited
exceptional accuracy in identifying metallic
objects, showcasing its reliability in
industrial applications where precision is
paramount. During testing, the PLC
accurately interpreted signals from sensors,
ensuring consistent and dependable sorting
based on predetermined criteria. This high
level of accuracy is crucial for optimizing
sorting processes and maintaining product
quality standards in industrial settings.

One of the key strengths of the PLC-based
metal sorting system lies in its functionality
and flexibility. The ladder logic program
effectively governed the movement of
objects, allowing for seamless operation and
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precise sorting based on metallic properties.
Moreover, the system  demonstrated
versatility in handling variations in object
dimensions and characteristics, showcasing
its adaptability to diverse industrial
environments. This flexibility not only
enhances operational efficiency but also
facilitates the integration of the system into
existing production lines with minimal
disruption.

Five different metal combination were
sourced, and were sorted by PLC of this
study. Comparison was made with the
traditional sorting method in term of time
required for the task performed. Similar
quantity was chosen for all the combinations,
that is, 200 g. Table 2 highlights the
comparison between the traditional sorting
technique and the one derived in this study.
Table 2: Comparison between the traditional
sorting technique and this study

Metal combination Traditional ~ sorting | This study (min) Efficiency of this
technique (min) study (%)

Combination 1 9.15 511 44.3

Combination 2 9.40 5.20 44.6

Combination 3 9.50 5.10 46.3

Combination 4 9.25 5.20 43.7

Combination 5 9.10 5.05 44.5

The efficiency of the PLC device revealed
that there was great improvement compared
with the traditional sorting method. This
efficiency was found to be with 43.7 — 46.3
%. To further illustrate the performance of
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the PLC-based metal sorting system, a
comparison table can be constructed to
contrast its key features and capabilities with
traditional sorting methods or alternative
technologies. The
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Table 3 provides a comparative analysis
based on factors such as accuracy, reliability,
functionality, and adaptability.

Table 3: Comparison between PLC-Based Metal Sorting System and Traditional Sorting Methods

PLC-Based Metal Sorting Traditional Sorting
Features System Methods
Accuracy High Moderate to High
Reliability Excellent Variable
Functionality Versatile Limited
Adaptability High Limited
Maintenance Low Moderate to High
Requirements
Initial Investment Cost Moderate Variable
Operational Efficiency High Moderate to High
Integration Complexity Moderate High

In summary, the results of the testing phase
reaffirm the effectiveness and efficiency of
the PLC-based metal sorting system in
industrial applications. The system's high
accuracy, reliability, functionality, and
adaptability make it a valuable asset for
streamlining sorting processes and enhancing
overall productivity. By leveraging PLC
technology, industries can achieve precise
and automated sorting, reducing reliance on
manual labor and minimizing errors. Moving
forward, further research and development
efforts could focus on optimizing the
system's  performance, expanding its
capabilities, and exploring  potential
integration with emerging technologies for
even greater efficiency and effectiveness in
industrial sorting operations.
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4.0 Conclusions

In summary, the investigation into the
application  of  Programmable  Logic
Controllers (PLCs) in metal detection and
sorting emerges as a promising avenue for
advancing  industrial ~ processes.  The
integration of microcontrollers with sensors,
as evidenced in several studies, underscores
the potential for accurate and automated
metal detection. Nevertheless, it is essential
to recognize the limitations of specific
controllers when exposed to demanding
industrial conditions. To enhance the
functionalities of the metal sorting system,
diverse improvements can be contemplated
to measure the weight, height, color, and
count of objects. The integration of load cells
or weight sensors into the conveyor belt
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facilitates the measurement of object weight,
proving advantageous for the efficient sorting
of objects based on their mass. Additionally,
the inclusion of ultrasonic or laser sensors
offers a means to measure the height of
objects, contributing to the sorting process
based on dimensional attributes. For
improved object identification, the system
can be equipped with color sensors or
cameras endowed with image processing
capabilities. This enhancement holds
particular value, especially in industries
where color serves as a crucial parameter for
sorting.
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