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Abstract: This research paper presents a comprehensive study on the implementation of a Programmable
Logic Controller (PLC) based system for tank temperature control utilizing a Proportional Integral Derivative
(PID) algorithm. The system incorporates a Allen Bradley Micro820 PLC, 10 module, a 4-20mA control
signal operated Solid-State Relay (SSR), a heater, and a Resistance Temperature Detector (RTD) PT100 for
temperature measurement. The objective is to achieve precise and efficient temperature regulation within the
tank while minimizing energy consumption.

The paper details the design, development, and testing phases of the system, focusing on the PLC
programming for PID control, hardware integration, and calibration processes. Experimental results
demonstrate the effectiveness and accuracy of the proposed system in maintaining desired temperature
setpoints within the tank, showcasing its potential for industrial applications requiring reliable temperature
control mechanisms. Additionally, insights into the system’s performance under various operating conditions
and potential areas for future enhancements are discussed.

|. INTRODUCTION

In contemporary industrial processes, precise temperature control within tanks is imperative for
ensuring product quality, process efficiency, and equipment longevity. Programmable Logic Controllers
(PLCs) have emerged as versatile and reliable tools for implementing sophisticated control strategies in such
applications. This research paper delves into the development and implementation of a PLC-based system for
tank temperature control using the Proportional Integral Derivative (PID) algorithm.

The system under study integrates a Allen Bradley Micro820 PLC, an 10 module, a 4-20mA control
signal operated Solid-State Relay (SSR), a heater, and a Resistance Temperature Detector (RTD) PT100 for
temperature measurement. The utilization of these components forms the basis for constructing a robust and
efficient temperature control system capable of maintaining desired temperature setpoints within the tank.

This introduction outlines the significance of precise temperature control in industrial processes,
highlights the versatility of PLCs in control applications, and provides an overview of the components utilized
in the proposed system. The subsequent sections of the paper will delve into the design, implementation, and
performance evaluation of the PLC-based tank temperature control system, offering insights into its practical
applicability and potential for optimization.
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Il. RESEARCH METHODOLOGY

The methodology section outlines the plan and method that how the study is conducted. This includes
Universe of the study, sample of the study, Data and Sources of Data, study’s variables and analytical
framework. The details are as follows;

2.1 Design

2.1.1 Components
PLC (Allen Bradley Micro820), 10 Module, SSR, Heater, RTD-PT100

2.1.2 Block Diagram

T 10
RLC " Interface
Analog Input
RTD Analog Output
(4-20mA)
—0
Heater SSR 230VAC
Tank C

Fig. Block Diagram
This diagram represents a heating control system with six main components:

PLC (Programmable Logic Controller): This is the brain of the system. It processes inputs and outputs and
controls the operation of the system.

10 Interface: This interface facilitates communication between the PLC and other components. It has both
Analog Input and Analog Output labeled with “(4-20mA)”.

RTD (Resistance Temperature Detector): This device is linked to the Analog Input of the 10 Interface. It
monitors the temperature in the tank and sends this data to the 10 Interface.

SSR (Solid State Relay): The SSR receives signals from the Analog Output of the 10 Interface. It controls the
operation of the Heater based on these signals.

Heater: This component is controlled by the SSR. It heats the tank based on the 4-20mA signal it receives
from the SSR.

Tank: This is the container that is being heated by the Heater.
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2.2 PLC Programming

2.2.1 Initialization
Initialize variables: Setpoint (SP), Process Variable (PV), Proportional Gain (Kp), Integral Gain (Ki),
Derivative Gain (Kd), Integral Sum (IntSum), Previous Error (Prev Error), Output (Out).

2.2.2 PID Configuration

PID
—— Enable Active ——
— PV CV [——
—1 SP AbsoluteError ——
—1 AutoManual Error |——
— CVManual Error ID ——
—1 CVMax
— CVMin
— Gains
— Control
— Llnit

Fig. PID Function Block

The PID equation controls the process by sending an output signal to the control valve. The greater
the error between the setpoint and process variable input, the greater the output signal, and vice versa.

2.2.3 Output Control
Scale the PID output to fit the range of the SSR (4-20mA). Send the scaled output to the SSR to control
the power supplied to the heater.

2.2.4 Loop Execution
Implement a loop to continuously execute the PID algorithm and control the heater based on
temperature feedback.

2.2.5 Safety Measures
Implement safety measures such as overtemperature protection or emergency shutdown procedures.

I1l. RESULTS AND DISCUSSION
The implementation of the PLC-based tank temperature control system using PID algorithm yielded
promising results, as demonstrated through extensive experimentation and analysis.

3.1 Temperature Control Performance

The system effectively regulated the temperature within the tank, maintaining it close to the desired
setpoint with minimal deviation.

PID control demonstrated superior performance compared to simpler control methods, exhibiting
faster response times and reduced overshoot.

3.2 System Responsiveness

The system exhibited rapid response to changes in setpoint or external disturbances, showcasing its
robustness and adaptability in dynamic environments.
Real-time temperature monitoring and control capabilities ensured timely adjustments to maintain process
stability.
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3.3 Energy Efficiency

By dynamically adjusting the heater power output based on the PID algorithm’s calculations, the
system optimized energy consumption while meeting temperature requirements.

Continuous monitoring and fine-tuning of control parameters contributed to efficient utilization of
resources.

3.4 Accuracy and Reliability

The RTD-PT100 sensor provided accurate temperature measurements, enabling precise control within
the tank.
The PLC’s reliability and robustness ensured consistent performance over extended periods of operation,
minimizing downtime and maintenance requirements.

3.5 Scalability and Flexibility

The modular design of the system facilitated easy integration with existing industrial setups, allowing
for scalability to accommodate varying tank sizes and process requirements.
The flexibility of the PLC platform enabled customization of control strategies and adaptation to diverse
application scenarios.

3.6 Future Enhancements

Further optimization of PID parameters could potentially enhance system performance under specific
operating conditions or for different types of processes.

Integration of advanced diagnostics and predictive maintenance capabilities could further improve
system reliability and uptime.

IV. APPLICATIONS

“PLC based tank temperature control using PID” has significant implications for various industrial
sectors where precise temperature control is essential for process optimization, product quality assurance, and
equipment protection. Some of the key applications of this technology include:

4.1 Chemical Processing

In chemical manufacturing plants, maintaining precise temperatures within tanks is critical for
controlling reaction rates, ensuring product consistency, and preventing hazardous conditions. The PLC-based
temperature control system can regulate temperatures in reactors, distillation columns, and storage tanks,
enhancing process efficiency and safety.

4.2 Food and Beverage Production

Temperature control plays a crucial role in food and beverage processing, where maintaining specific
temperatures is necessary for cooking, fermentation, and preservation. The system can be employed in
breweries, dairies, and food processing facilities to regulate temperatures in fermentation vessels,
pasteurization tanks, and storage silos, ensuring product quality and compliance with food safety standards.

4.3 Water Treatment and Wastewater Management

Temperature control is crucial in water treatment processes for optimizing chemical reactions,
microbial activity, and equipment performance. The system can be integrated into water treatment plants and
wastewater treatment facilities to regulate temperatures in mixing tanks, settling basins, and disinfection
chambers, improving process efficiency and environmental compliance.

4.4 Industrial Automation and Manufacturing

Various manufacturing processes require precise temperature control for material processing,
molding, and curing. The system can be applied in industries such as plastics manufacturing, metalworking,
and automotive production to regulate temperatures in molding machines, ovens, and curing chambers,
ensuring product quality and production efficiency.
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V. CONCLUSION

The PLC-based tank temperature control system utilizing PID algorithm demonstrated excellent
performance in achieving precise temperature regulation, energy efficiency, and reliability. The results
validate its suitability for a wide range of industrial applications requiring sophisticated temperature control
mechanisms. Further research and development efforts could focus on refining control strategies and
exploring additional features to meet evolving industry demands.
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