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a) ABSTRACT

Automation has become an important part of modern industries to improve production speed, accuracy, and safety. This paper
presents the design and implementation of a PLC-based automatic bottle filling and packaging system. The proposed system is
designed to automate the process of bottle filling and packaging. The process includes bottle detection, filling, counting,
capping, and packaging using a programmable logic controller (PLC). The system minimizes human efforts and increases
production efficiency by reducing errors and material wastage. Sensors are used for bottle detection and level monitoring, while
conveyor motors and pneumatic actuators are controlled through the PLC. The automation process ensures accurate filling and
proper packaging of bottles within minimum time. The system is suitable for beverages, pharmaceutical, and chemical
industries where continuous and reliable production is required. The project demonstrates improved productivity, reduced

operational cost, and better quality control in industrial applications.
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II. INTRODUCTION

Industrial automation plays a viral role in increasing
productivity and reducing manual labour in manufacturing
industries. Automation bottle filling and packaging system
chemical, beverages industries. Tradition manual filling
system requires more labore, consume more time, may lead to
inaccurate filling levels and packaging errors.

A programmable logic controller (PLC) is a digital
industrial computer designed for automation and process
control. PLCs are widely used because of their flexibility,
reliability, easy programming, and high operational speed. By
integrating PLC with sensors, conveyor system, and actuators,
the bottle filling and packaging process can be fully automated

The main object of this project is to design an automated
bottle filling and packaging system controlled by PLC. The
system detects bottles on the conveyor, fills them with the
required quality of liquid, moves them for packaging, counts
the final packaged products automatically. The automaton
system improves production efficiency, reduces human errors,
and provides accurate and continuous operation.

1. OBJECTIVES

1. To desugb a PLC- based automatic bottle filling and
packging system.

2. To automate bottle detection, filling, an packaging
operation.

3. To reduce human effort and increase production
efficiency.

4. To ensure accurate filling quantity using sensors and
timers.

5. To improve industrial safety and reduce material
wastage.

6. To provide continuous and reliable production

operation.

IV. LITERATURE REVIEW

Several researchers and industries have developed automated
filling systems using different control methods. Earlier bottle
filling systems mainly used relay-based control circuits.
These systems were complicated, difficult to modify, and
required high maintenance.

With the advancement of industrial automation, PLC
technology became widely used because of its flexibility,
reliability, and easy programming capability. PLCs allow
industries to modify operations easily without changing the
complete hardware system.

Research studies show that PLC-based filling systems
provide:

e  Faster production rate.
Accurate bottle filling.
Easy troubleshooting.
Better process control.
Reduced downtime.
Improved product quality.

Modern systems also integrate Human Machine Interface
(HMI), SCADA systems, and IoT technology for real-time
monitoring and control.
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The proposed project combines bottle filling and packaging
operations into one automated system using PLC technology
and sensor-based control.

V. SYSTEM ARCHITECTURE

The PLC-based automatic bottle filling and packaging system
consists of several hardware and software components
working together.

e Main Components
1. Programmable Logic Controller (PLC)
2. Conveyor Belt

3. DC/AC Motor

4. IR Sensors

5. Solenoid Valve

6. Relay Module

7. Liquid storage tank

8. Power supply unit

9. Packaging unit

10. Emergency stop switch

System Block Diagram Description:

The conveyor belt carries empty bottles toward the filling
station. An IR sensors detects the bottle and sends a signal to
the PLC. The PLC stops the conveyor restarts and moves the
bottle towards the packaging section.

In the packaging section, bottles are counted automatically
using sensors. The packaging mechanism arranges bottles
into packets or boxes for final dispatch.

The PLC controls the entire operation sequentially using
ladder logic programming.

VI. WORKING PRINCIPLE

The working principles of the system is based on automatic
sensing and PLC control.

Step-by-Step Operation

Step 1:

Bottle placement

Empty bottles are placed on the conveyor belt manually or
automatically.

Step 2: conveyor Movement

The conveyor motor moves bottles toward the filling station
continuously.

Step 3: Bottle Detection

An IR sensor placed near the filing station detects the bottle
position and sends a signal to the PLC

Step 4: Conveyor Stop

After receiving the signal, the PLC stops the conveyor motor
ensure proper bottle positioning.

Step 5: Bottle Filling

The PLC activates the solenoid valve. Liquid flows from the
storage tank into the bottle for a preset time.

Step 6: Valve Closing

Once the required quantity is filled, the PLC deactivates the
solenoid valve automatically.

Step 7: Conveyor Restart

The conveyor motor restarts and moves the filled bottle
toward the packaging section.

Step 8: Bottle Counting

Sensors count the number of filled bottles for packaging.
Step 9: Packaging Process

The packaging unit arranges bottles into boxes pr packets.
Step 10: final output

The final packaged bottles are ready for transportation and
delivery.

The entire process is automatic and controlled through PLC
ladder logic programming.

VII. HARDWARE COMPONENTS

A. Programmable Logic Contrller (PLC)

e The PLC is main controller of the system. It receives
input signals from sensors and controls output devices
such as motors, relays, and solenoid valves.

Features of PLC

e High reliability

e FEasy programming

e Fast operation

e Flexible control

e Low maintenance

e Industrial durability
Function of PLC in the Project
e Conveyor control

e Bottle detection processing
e Filling operation control

e Timing operation

e Packaging sequence control

B. Conveyor Belt

The conveyor belt transports bottles from one section to
another automatically
Advantages

Continuous bottle movement

Reduced manual handling

Improved production speed

Smooth transportation

C. IR sensors

IR sensor are used to detect bottle position .The sensor
emits infrared rays.when a bottle interrupts the rays the
sensor sends a signal to the PLC.

Application

Bottle Detection
Bottle counting
e Position sensing
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D. Solenoid
The solenoid valve controls liquid flow during filling.
Function

e  Opens during filling

e  Closes after required quantity

e Prevents overflow

E. Realay Module
The relay module acts as an interface between PLC outputs
and high-power devices.
Function

e Motor Switching

e Electrical isolation

e Device protection

F. Motor
The motor drives the conveyor belt.
Function

e Conveyor movement

e Continuous operation

e Controlled speed

G. Power supply unit
The power supply provides required voltage to the PLC and
other components.
Function
e Stable voltage supply
e  Circuit protection
e Smooth operation

SOFTWARE USED
PLC Programming Software

PLC ladder logic programming software is siemens TIA
(Total integrated automation) used to develop and test the
automation program.

Features

Easy programming
Real-time monitoring
Error detection
Simulation support

Ladder Logic Programming

Ladder logic is one of the most common programming
methods used in PLCs.

Advantages of Ladder Logic

Simple structure

Easy troubleshooting

Similar to relay logic

Industrial standard programming

Simulation Software

Simulation software is used to verify the automation
sequence before hardware implementation.

IX. LADDER LOGIC DESCRIPTION
The ladder logic program controls all system operation
sequentially.
Main Ladder Logic Operations
Start/Stop Control
Used to start and stop the complete system.
Conveyor Motor Control
Controls conveyor movement according to bottle position.
Bottle Detection Logic
Processes sensor input signals.
Filling Timer Operation
Controls the filling duration.
Solenoid Valve Control
Opens and closes the valve automatically.
Bottle Counter
Counts the number of filled bottles.
Packaging Control
Controls bottle arrangement and packaging.
Emergency Stop Logic
Stops the system during emergency conditions.

The ladder logic ensures safe, reliable, and -efficient
automation.

X. ADVATGES OF THE SYSTEM

The proposed PLC — based bottle filling and packaging
system offers several advantages:

1. Reduces manual labor.

2. Improves production efficiency

3. Provides accurate bottle filling.

4. Minimize liquid wastages.

5. Reduces operational cost

6. Enhances industrial safety

7. Provided continuous operation

8. Improves product quality

9. Easy maintenance and troubleshooting
10. Flexible and reliable operation
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11. Reduces production time
12. Increases industrial productivity

XI. APPLICATIONS

The system can be used in several industries :
Beverages industries

Used for filling water, juice, cold drinks, and milk bottles.
Pharmaceutical Industries

Used for filling medicine syrups and healthcare liquids.
Chemical Industries

Used for chemical liquid filling applications.

Cosmetic Industries

Used for perfume and cosmetic bottle filling

Food processing industries

Used for edible oil and food liquid packaging

Water Treatment plants

Used for automatic water bottle filling and packaging

XII. RESULTS AND DISCUSSION

The PLC based automatic bottle filing and packaging system
was successfully designed and implemented. The system
performed bottle detection, filling, conveyor movement,
counting, and packaging operation accurately.

The PLC effectively controlled all operations using ladder
logic programming. Sensors provided accurate bottle
detection, while the solenoid valve ensured precise liquid
flow during filling.

The system achieved:

e Accurate bottle filling

e Reduced liquid wastage

e Increased production speed

e Continuous automation

e Reduces manual intervention.

e Improved operational efficiency.
The project demonstrates that plc technology is highly
suitable for industrial automation applications.

XII.FUTURE SCOPE

The project can be further improved using advanced
technologies
Future Enhancements
1. Integration with SCADA system
Use of human machine interfacing (HMI)
IoT- based remote monitoring
Automatic capping mechanism
Automatic labeling system
Al- based fault detection
Cloud-based monitoring systems
Robotic packaging units
Automatic quality inspection systems
0. Energy- efficient automation techniques

S0P NAU AW

These improvements can make the system more
intelligent and suitable for smart industries

XIV.CONCLUSION

The PLC based automatic bottle filling and packaging system
is an efficient and reliable industrial automation project. The
system automates bottle detection, filling, conveyor
movement, counting, and packaging operation using PLC
technology

The project successfully demonstrates the practical
implementation of industrial automation using sensors,
motors, relays, and PLC ladder logic programming. The
automation process improves productivity, reduces human
efforts, minimizes wastage, and ensures accurate bottle filling
The system is suitable for beverage, Pharmaceutical, food
processing, cosmetic, and chemical industries. The project
provides practical knowledge of PLC programming and
industrial process automation

In conclusion the proposed system is a cost- effective and
efficient solution for modern industrial bottle filling and
packaging application
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