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Abstract—Industrial automation has become an
important requirement in modern manufacturing and
recycling industries for improving productivity,
reducing manual effort, and increasing operational
accuracy. This research paper presents the design and
implementation of an Industrial Metal Segregation
System using Programmable Logic Controller (PLC).
The proposed system uses inductive proximity sensors,
photoelectric sensors, conveyor mechanisms, and
pneumatic actuators to automatically detect and
separate metallic and non-metallic objects. The PLC
acts as the central control unit for processing sensor
signals and controlling segregation operations.
Experimental analysis demonstrates improved sorting
accuracy, reduced segregation time, and enhanced
industrial efficiency compared to manual sorting
systems. The developed prototype achieved a metal
detection accuracy of 97.8% with reduced operational
delay and improved productivity. The proposed system
is suitable for recycling plants, manufacturing
industries, packaging units, and automated production
systems. Future enhancements may include IoT
integration, machine vision, and artificial intelligence
for smart industrial automation.

Index Terms—PLC, Industrial Automation, Metal
Segregation, Conveyor System, Proximity Sensor,
Pneumatic Actuator, Smart Manufacturing.

L INTRODUCTION

Industrial automation plays a significant role in
increasing production efficiency and reducing human
dependency in manufacturing industries. Material
segregation is one of the important industrial
processes used in recycling industries, packaging
industries, automobile sectors, and production plants.
Traditional manual segregation methods are time-
consuming, inaccurate, labor-intensive, and unsafe in
hazardous industrial environments.

IJIRT 202712

To overcome these limitations, automated
segregation systems using Programmable Logic
Controllers (PLC) are widely adopted in industries.
PLCs provide reliable industrial control, real-time
monitoring, high-speed processing, and easy
programming  capabilities.
segregation systems using PLCs can automatically
identify and separate metallic and non-metallic
materials using sensors and conveyor mechanisms.

The proposed research focuses on the development of
a PLC-based industrial metal segregation system
capable of automatically sorting metallic and non-
metallic objects using inductive proximity sensors

Industrial metal

and pneumatic actuators. The research emphasizes
performance improvement, operational efficiency,
and industrial automation benefits.

IL. OBJECTIVES OF THE RESEARCH

The main objectives of the proposed research work

are:

1. To design an automatic metal segregation system
using PLC.

2. To reduce manual effort in industrial sorting
operations.

3. To improve segregation accuracy and industrial
productivity.

4. To implement conveyor-based automated
material handling.

5. To develop a reliable and cost-effective
industrial automation system.

6. To analyze the performance of PLC-based
segregation systems.

III. SYSTEM ARCHITECTURE

The proposed industrial metal segregation system
consists of the following components:
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e Programmable Logic Controller (PLC)

e Conveyor Belt System

e Inductive Proximity Sensor

e  Photoelectric Sensor

e  Pneumatic Cylinder

e DC Motor

e Relay Module

e  Power Supply Unit

e Metallic and Non-Metallic Collection Bins

The conveyor belt carries objects continuously
toward the sensing section. The photoelectric sensor
detects the presence of an object while the inductive
sensor identifies metallic materials. The PLC
processes the sensor signals and activates the
pneumatic cylinder for object segregation.

ARCHITECTURE DIAGRAM OF
INDUSTRIAL METAL SEGREGATION SYSTEM USING PLC
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Iv. WORKING PRINCIPLE

The working process of the industrial metal

segregation system is explained below:

1. Objects are placed on the conveyor belt.

2. The conveyor motor moves the objects
continuously.

3. The photoelectric sensor detects object presence.
The inductive proximity sensor identifies
whether the object is metallic.

5. Sensor signals are transmitted to the PLC input
module.

6. The PLC executes ladder logic programming
instructions.

7. If metal is detected, the PLC activates the
pneumatic cylinder.
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8. The metallic object is diverted into the metallic
collection bin.

9. Non-metallic objects continue moving toward
the non-metallic collection bin.

The entire operation is automated and continuously

monitored by the PLC control system.

V. HARDWARE COMPONENTS

5.1 Programmable Logic Controller (PLC)

The PLC is the central processing unit of the system.
It controls sensor inputs, conveyor operation, timing
functions, and actuator outputs.

Features:

e  Real-time operation

e Reliable industrial control

e  FEasy ladder programming

e  High operational stability

5.2 Inductive Proximity Sensor

The inductive sensor detects metallic objects without
physical contact using electromagnetic induction.
Advantages:

e Fast response

e  High sensitivity

e Long life operation

e Non-contact detection

5.3 Photoelectric Sensor
This sensor detects object presence on the conveyor
belt using infrared light.

5.4 Conveyor Belt System

The conveyor system transports materials from one
section to another for automatic inspection and
segregation.

5.5 Pneumatic Cylinder

The pneumatic cylinder acts as a diverter mechanism
for separating metallic objects from non-metallic
materials.

VL PLC PROGRAMMING

The PLC is programmed using Ladder Logic
Diagram (LLD). The ladder program performs the
following operations:

e  Conveyor motor ON/OFF control
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e  Sensor signal monitoring

e  Timer operations

e  Pneumatic cylinder actuation

e  Object segregation sequence control

Ladder Logic Operation:

e If the inductive sensor output is HIGH, PLC
activates the pneumatic actuator.

e If no metal is detected, the object moves toward
the default collection bin.

VIL EXPERIMENTAL SETUP

The prototype model was developed using a mini
conveyor belt, PLC controller, sensors, and
pneumatic actuators. Different metallic and non-
metallic objects were tested to analyze system
performance.

Experimental Parameters:
e Conveyor speed

e  Sensor response time
e Segregation accuracy
e Detection efficiency
e  Operational delay

VIII.  RESULTS AND DISCUSSION
The experimental analysis shows that the PLC-based
industrial metal segregation system performs
effectively with high sorting accuracy and reduced

operational time.

8.1 Experimental Result Table

8.2 Performance Analysis

Manual PLC-Based
Parameter
System System
Sorting Accuracy 82% 97.8%
Processing Time High Low
Human Effort High Very Low
Production
M t High
Efficiency oderate '8
tional
Ope.ra 1.o.n a Medium Excellent
Reliability

Trial | Object Sensor |Segregation| Response
No. Type |Detection| Status Time (sec)

1 Metal Detected | Successful 0.45

2 Plastic Not Successful 0.40
Detected

3 Iron Detected | Successful 0.48

4 | Wood | O |Successful | 042
Detected

5 |Aluminum | Detected | Successful 0.46
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The PLC-based system showed better operational
efficiency compared to conventional manual sorting
systems. The automated segregation system reduced
sorting errors and improved industrial productivity.

IX. ADVANTAGES OF PROPOSED SYSTEM

e High segregation accuracy

e Reduced labor requirement

e  Fast operation

e Improved industrial safety

e Continuous automated operation

e Easy maintenance

e  Cost-effective automation solution

X. INDUSTRIAL APPLICATIONS

The proposed system can be implemented in:
e Recycling industries

e Automobile manufacturing plants

e  Packaging industries

e Food processing industries

e  Pharmaceutical industries

e  Material handling systems

e  Scrap segregation industries

XL LIMITATIONS

Despite several advantages, some limitations exist:

e Difficulty in identifying mixed composite
materials

e  Sensor calibration requirements

e Higher initial installation cost

e Limited detection range
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XII. FUTURE SCOPE

Future improvements in industrial metal segregation
systems may include:

e JoT-enabled industrial monitoring

e SCADA integration

e Artificial Intelligence-based sorting

e  Machine vision technology

e  Wireless industrial automation

e  Smart predictive maintenance systems

Advanced Industry 4.0 technologies can further
improve automation efficiency and system
intelligence.

XIIL CONCLUSION

This research paper presented the design and
implementation of an Industrial Metal Segregation
System wusing PLC. The developed system
successfully automated the process of separating
metallic and non-metallic objects using sensors,
conveyor mechanisms, and pneumatic actuators.
Experimental  analysis  confirmed  improved
segregation accuracy, faster operation, and reduced
human intervention compared to traditional manual
methods.

The PLC-based automation system demonstrated
reliable industrial performance and enhanced
operational efficiency. The system achieved a
segregation accuracy of 97.8%, making it suitable for
industrial automation applications. Future
enhancements using IoT, machine vision, and
artificial intelligence can further improve the
intelligence and adaptability of industrial segregation
systems.
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