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Abstract

The project proposes a control system for a concrete mixing station using a pro-
grammable logic controller to achieve the best quality of concrete by ensuring accu-
racy in the content ratio of the mixed material. Nowadays, due to the tremendous
results of automation process like better quality, increased production and affordable
cost, industrialization is the most wanted and followed process. Modern construction
is unthinkable without concrete mixtures since they are primarily used in the con-
struction of many man-made structures starting from the foundations of buildings
to bridges of high complexity. The minimum possible time and quality of execution
are the main criteria that apply to the production of concrete. The lead time for a
specific production order depends on many factors, such as the level of the process,
the qualification of the personnel and the automation of the equipment. In addition
to the properties of the raw materials, the quality of the product depends on all the
above factors. Nowadays, the need for concrete with different physical and mechan-
ical properties has increased. At the same time, it imposed stricter requirements on
the quality of concrete. The task of improving the quality of concrete is the main
criterion for the entire production. Using a control system, the entire process could
be automated using a simple programmable logic controller (PLC) unit that could use
sensors to make real-time decisions depending on input signals. An ideal setup would
start with the push of a button that would initiate the movement of raw materials
placed in the tanks by opening the valves to the storage tanks and then to the mixing

tank. The proposed system illustrates the mixing process in varying proportions Via
PLC and can be monitored by HMI.

KEYWORDS: HMI, Mixing Tanks.
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Chapter 1

Introduction

Nowadays, due to the tremendous results of automation process like better quality,
increased production and affordable cost, industrialization is the most wanted and fol-
lowed process. Modern construction is unthinkable without concrete mixtures since
they are primarily used in the construction of many man-made structures starting
from the foundations of buildings to bridges of high complexity. The minimum pos-
sible time and quality of execution are the main criteria that apply to the production
of concrete. The lead time for a specific production order depends on many factors,
such as the level of the process, the qualification of the personnel and the automation
of the equipment. And here exists a problem i.e. due to human error there can be an
inaccurate mixing of material contents leading to bad quality of concrete . Nowadays,
the need for concrete with different physical and mechanical properties has increased.
At the same time, it imposed stricter requirements on the quality of concrete. And if
it is not addressed properly then it may lead to catastrophic situations such as cracks
in the buildings leading towards the structural collapse of the buildings.

Figure 1.1: Concrete Mixing Station

The task of improving the quality of concrete is the main criterion for the entire
production. Therefore, solution to the problem is a control system for a concrete
mixing station using a programmable logic controller to achieve the best quality of
concrete by ensuring accuracy in the content ratio of the mixed material.

The concrete mixing station shown in Figure 1.1 is an important component in the
construction industry for producing concrete in a controlled manner. The process
involves the mixing of different materials such as cement, water, and aggregates in
specific proportions to produce the desired quality of concrete. The control of the
mixing process is critical to ensure the consistency and quality of the final product.

1



One way to achieve this level of control is by using a programmable logic controller
(PLC). A PLC is an industrial computer that is designed to control a wide range of
industrial processes. The controller consists of a central processing unit (CPU), input
and output (I/O) modules, and programming software. The CPU is responsible for
processing the instructions in the program, while the I/O modules interface with the
various sensors and actuators in the system.

The design of a control system for a concrete mixing station using a PLC involves
several steps.

Step 1:

The first step is to identify the different components in the system and their respective
functions.

Step 2:

The second step is to define the control objectives and requirements, including the desired
level of automation, the range of materials to be mixed, and the required level of accuracy
and precision.

Step 3:

The next step is to select the appropriate PLC hardware and software. The selection process
should take into consideration the specific needs of the system, such as the number of I/O
points, processing speed, memory capacity, and communication interfaces. The software
should be user-friendly and capable of performing complex control functions.

Step 4:

Once the hardware and software have been selected, the next step is to design the control
logic. The control logic should define the sequence of operations that the system will follow
to achieve the desired mixing process. This includes the activation and deactivation of
different components such as the motor operated valves, mixers etc. The logic should also
incorporate various safety features such as emergency stop buttons and fault detection
Systems.

One of the critical aspects of the control system design is the measurement and control
of the different materials used in the mixing process. This includes the measurement
of the flow rates of cement, water, and aggregates, as well as the control of their
respective proportions. The PLC should interface with various sensors such as level
sensors to accurately measure the quantities of the different materials.

To ensure the accuracy and precision of the mixing process, the control system should
be capable of adjusting the flow rates and proportions of the different materials in
real-time. This requires the use of feedback control loops, which continuously monitor
the process variables and adjust the control inputs to maintain the desired setpoints.

Another critical aspect of the control system design is the data management and
visualization. The PLC should be capable of storing and logging the process data such
as the material flow rates, mixing time, and other critical parameters. The system
should also be capable of providing real-time visualization of the process variables
and control inputs, allowing operators to monitor the process and make adjustments
as necessary.

The final step in the design of the control system is the testing and validation. The
system should be thoroughly tested under different operating conditions to ensure



that it meets the desired control objectives and requirements. This includes testing
for accuracy, precision, reliability, and safety. Once the system has been validated, it
can be deployed in the concrete mixing station for routine operation.

In conclusion, the design of a control system for a concrete mixing station using a
PLC involves several critical steps, including the identification of system components,
definition of control objectives and requirements, selection of appropriate hardware
and software, design of control logic, measurement and control of materials, imple-
mentation of feedback control loops, data management and visualization, and testing
and validation.

The benefits of designing a control system for a concrete mixing station using PLC
include improved accuracy and consistency, increased safety, and reduced downtime.
The control system can be designed to automatically adjust the operations of the
equipment based on feedback from sensors and other input devices, reducing the need
for manual adjustments and increasing the efficiency of the process. Additionally, the
use of a control system can reduce the risk of accidents and breakdowns by providing
real-time monitoring and control of the mixing process.

1.1 Motivation

According to United Nations (UN 2015) concrete is the second most vastly used
material in the world since it is the major component of building materials starting
from foundations to the bridges of high complexity [1].

The minimum possible time and quality of execution are the main criteria that apply
to the production of good healthy concrete [2]. The quality of concrete depends upon
the mixing of aggregate materials in accurate proportion. With increase in its demand
the strict requirements on the quality of the concrete is foremost concern that needs
to be addressed. If it is compromised then it may lead to catastrophic situations such
as cracks in the buildings leading towards the structural collapse of the buildings.

Traditionally, concrete production relies heavily on manual techniques, such as man-
ual batching and mixing of raw materials. This method is labor-intensive, time-
consuming, and often results in inconsistent concrete quality. Furthermore, manual
batching and mixing is prone to human error, which could lead to deviations from
the desired mix proportions and cause quality problems. According to “THE NEWS”
article, there were many incidents regarding the structural collapses of the buildings
in Lahore and its vicinity. The sole reason behind this was unequal consistency of
the concrete used in that buildings leading to their destruction and causing financial
as well as human lives losses [3].

Due to these outbreaks, many people are somewhat forced to faced death due to
carelessness of operators of the normal mixer or the poor quality of concrete. But
Nowadays 4th Industrial revolution, Artificial Intelligence, Cloud Computing, Re-
liable and rigid controllers makes human life reliable and safe. So, in this era we
can ensure the quality of concrete by mixing aggregate materials in accurate propor-
tion using mounted sensors, mechanical valves and control the process using human
machine interface.

In a nutshell, the motivation behind the design of a control system for a concrete
mixing station using PLCs is to improve the efficiency, consistency, and quality of the



concrete production process, leading to safer and more durable structures since the
manual control of the concrete mixing process can be challenging and time-consuming,
and it may lead to inconsistencies in the quality of the concrete mixture.

1.2 Problem Statements

The purpose of this project is to solve the problems related to quality of concrete in
normal mixer which includes:

1. Human Intervention in normal mixer causes material losses and takes time.

2. Limited efficiency of system in normal mixer due to non-homogeneous mixing
of products.

3. Polluted environment due to bulk handling of cement and aggregate materials.

1.3 Project Objectives

The objectives of our projects are as follows:

1. To design appropriate CAD model and Prototype for Concrete mixing Station.
2. To design and develop Ladder language programming of PLC for the system.

3. To design an HMI for monitoring/controlling the Process.

1.4 Research Questions

In control system for Concrete Mixing Station the selection of appropriate sensors and
actuators is essential for accurate measurements and proper functioning of a system.
It is important to choose the right sensors and actuators that are compatible with
the system and can provide accurate measurements. Induction motors are preferred
for mixer motors due to their reliability and longer lifespan. PLCs are typically
operated in ladder logic mode for ease of understanding. Computer-aided modeling
is made possible through software like AutoCAD 2018. The process involves creating
a digital drawing of the object or system using various tools and commands in the
software. The size of a storage tank is determined based on the material volume
and density. The volume of the material, along with factors like the density and
viscosity of the material, will help determine the size and capacity of the storage
tank required. Overall, careful consideration of these factors can ensure efficient and
effective operation of various systems.

1. Sensors and actuator selection for interfacing?

2. Why the Mixer Motor is Induction Motor?

3. In which mode will the PLC operate and why?

4. How Computer Aided Model is made through AutoCAD 20187

5. How will be size of storage tank be decided based upon Volume of material?
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1.5 Applications

Concrete mixing stations are used in construction projects to mix, transport, and
pour concrete. They are versatile machines that can be used for a wide range of
applications in various industries. Some common applications of concrete mixing
stations include:

1. Building and construction: Concrete mixing stations are widely used in
the construction industry for building foundations, walls, columns, and other
structures. They are also used to create roadways, sidewalks, and other infras-
tructure projects.

2. Infrastructure projects: Concrete mixing stations are used in infrastructure
projects like dams, bridges, tunnels, and airports. They provide a consistent
and reliable source of high-quality concrete that is essential for the successful
completion of these projects.

3. Manufacturing: Concrete mixing stations are used in the manufacturing in-
dustry to create concrete products like precast concrete panels, pipes, and
blocks. They provide a cost-effective and efficient way to produce large quanti-
ties of concrete products.

4. Agriculture: Concrete mixing stations are used in the agriculture industry to
create concrete for farm buildings, silos, and other structures. They are also
used to create concrete water troughs and feed bunks for livestock.

5. Mining: Concrete mixing stations are used in the mining industry for various
applications such as lining tunnels, creating underground structures, and for
the construction of mine shafts.

6. Energy: Concrete mixing stations are used in the energy industry for the
construction of power plants, substations, and transmission towers. They are
also used to create the foundations for wind turbines and solar panels.

1.6 UN'’s Sustainable Goals

The United Nations Sustainable Development Goals, also known as the SDGs, are a
set of 17 global goals adopted by the United Nations General Assembly in 2015. For
the betterment of society we have to reflect UN’s sustainable goals to our project.

Goal 8, 9, and 12 of the United Nations Sustainable Development Goals (SDGs)
are focused on promoting sustainable economic growth and development, building
resilient infrastructure, and promoting sustainable consumption and production.

Goal 8:(Decent Work and Economic Growth)

In the context of a concrete mixing station, this goal could be applied by designing
a control system that is efficient and reliable, minimizing downtime and maximizing
productivity.

Goal 9: (Industry, Innovation, and Infrastructure)

In the context of a concrete mixing station, this goal could be applied by design-
ing a control system that is energy-efficient, minimizing waste and emissions, and



maximizing the use of renewable energy sources. The control system should also be
adaptable and flexible, able to accommodate changing production requirements and
new technologies.

Goal 12: (Responsible Consumption and Production)

In the context of a concrete mixing station, this goal could be applied by designing a
control system that minimizes waste and maximizes the use of sustainable materials.
The control system should also prioritize the recycling and reuse of materials whenever
possible, minimizing the environmental impact of concrete production.

DECENT WORK AND musm INNOVATION 12 RESPONSIBLE
ECONOMIC GROWTH AHBIHFIIASTIIUEI‘I!IIE CONSUMPTION

af | R |[CO

Figure 1.2: Targeted UN’s Sustainable Development Goals

1.7 Project Timeline

The timeline for a typical Final Year Project (FYP) begins with a literature review
for the proposal and defense, followed by the finalization of the block diagram. Com-
ponent selection, simulation, and performance analysis are carried out over the next
few weeks. Documentation and presentation work takes three weeks, and hardware
implementation is carried out in three weeks. Finally, two weeks are dedicated to the
thesis submission and final defense.

Table 1.1: Project Timeline

Sr No. | Starting Description of Milestone | Duration
Date

1 26-09-22 Literature review for FYP | 3 weeks
Proposal and Defense.

2 17-10-22 Finalization of Block Dia- | 3 weeks
gram.

3 07-11-22 Literature review related to | 5 weeks
project.

4 12-12-22 Component Selection. 5 weeks

5 16-01-23 Simulation of the project. 4 weeks

6 13-02-23 Performance analysis of the | 4 weeks
project and its verification.

7 13-03-23 Documentation and presen- | 3 weeks
tation work.

8 10-04-23 Hardware project imple- | 3 weeks
mentation.

9 01-05-23 Thesis Submission and Final | 2 weeks
Defense.




1.8 Overview of Thesis

The thesis consist of five chapters:

Chapteri: This chapter includes outline of our project, the problem associated
which lead us to choose this project, the proposed solution, the basic introduction,
objectives, UN’s sustainable goals and research questions.

Chapter 2: This chapter includes the literature review of project. Study of different
research papers will leads us to understand different technologies that lead us to select
components.

Chapter 3: This chapter includes methodology of our project. The methods for the
system designing and architecture diagram, algorithm and flow of how project works.

Chapter /: This chapter leads to the implementation of proposed method and
acquiring results.

Chapter 5: This chapter will include the conclusions, limitations, future recommen-
dations, references and appendix of our project.
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Chapter 2

Literature Review

2.1 Overview of PLCs in Control System

A concept behind the design of control systems for concrete mixing stations based on
programmable logic controllers (PLCs) highlights the use of PLCs in the construction
industry for control and automation purposes. Traditionally, concrete production
relies heavily on manual techniques, such as manual batching and mixing of raw
materials. This method is labour intensive, time consuming, and often results in
inconsistent concrete quality. Furthermore, manual batching and mixing is prone to
human error, which could lead to deviations from the desired mix proportions and
cause quality problems.

PLCs have been widely adopted in concrete mixing stations due to their advantages
such as high reliability, flexibility, and real-time control. In a concrete mixing station,
PLCs are typically used to control and monitor the batching process of raw mate-
rials, such as cement, sand, water, and aggregate, to produce high-quality concrete.
Several studies have reported the benefits of using PLCs in concrete mixing stations.
For example, PLCs can reduce human intervention and improve the accuracy of the
batching process. This leads to increased efficiency and productivity, as well as re-
duced costs and waste [1]. Moreover, PLCs provide a higher level of safety, as they
can detect and respond to potential problems before they occur [2].

In the design of control systems for concrete mixing stations based on PLCs, several
key components are typically involved, including sensors, actuators, and control algo-
rithms. Sensors are used to monitor the process variables, such as the weight /quantity
of the raw materials, while actuators control the flow of the raw materials into the
mixer. Control algorithms are responsible for coordinating the actions of the sensors
and actuators to produce high-quality concrete [3].

2.2 Types of Sensors

Sensors are widely used for the sensing of solid and liquid materials in various applica-
tions,such as process monitoring, environmental sensing, and biomedical diagnostics.
Some of the most commonly used sensors for the sensing of solid and liquid materials
are:

Optical sensors: Optical sensors are one of the most commonly used sensors for
the sensing of solid and liquid materials [4]. These sensors work on the principle



of light transmission, absorption, or reflection. Optical sensors can be used for the
detection of color, presence, and concentration of solid and liquid materials. Some of
the most commonly used optical sensors include photodiodes, phototransistors, and
photovoltaic cells.

Capacitive sensors: Capacitive sensors work on the principle of capacitance, which
is the ability of a material to store an electrical charge. These sensors are commonly
used for the sensing of liquid materials, such as level and flow. Capacitive sensors
can be used in various applications, such as chemical processing, food and beverage
processing, and wastewater treatment [5].

Magnetic sensors: Magnetic sensors work on the principle of magnetic fields. These
sensors are commonly used for the sensing of solid materials, such as position, dis-
placement, and rotation. Magnetic sensors can be used in various applications, such
as automotive sensors, robotics, and biomedical diagnostics [5].

Ultrasonic sensors: Ultrasonic sensors work on the principle of sound waves. These
sensors can be used for the sensing of solid and liquid materials, such as distance,
level, and flow. Ultrasonic sensors are used in various applications, such as automotive
sensors, industrial process monitoring, and medical diagnostics [5].

Some studies have focused on the optimization of control algorithms for concrete mix-
ing stations. For instance, researchers have proposed the use of artificial intelligence
techniques, such as fuzzy logic and neural networks, to improve the performance of
the control system. These techniques have been shown to improve the accuracy and
robustness of the control system, leading to improved concrete quality and reduced
waste.

In conclusion, the literature review indicates that PLCs play a significant role in the
control and automation of concrete mixing stations. PLCs offer several benefits, such
as improved accuracy, efficiency, safety, and reduced costs and waste. Additionally,
the optimization of control algorithms using artificial intelligence techniques can fur-
ther improve the performance of the control system and lead to high-quality concrete
production [6].

2.3 Selection of PLC

The choice of PLC for controlling the process of concrete mixing depends on vari-
ous factors such as the complexity of the system, the required level of control, the
budget, and the specific requirements (I/0O) of the concrete mixing station. Some of
the most widely used PLCs include Allen-Bradley CompactLogix, Siemens S7-1200,
FATEKs FBS-32MA and Schneider Electric M221. These PLCs are known for their
reliability, accuracy, and high-speed processing capabilities, making them well-suited
for controlling complex processes [6]. Since all the PLCs mentioned suit us according
to our requirements and follows the criterias but as we are making a prototype so we
will be in need of that PLC which completes the requirements of the project with
minimum expenses. So, most suitable one is FATEK FBS-32MAR2-AC.

The Fatek PLC FBS-32 is a programmable logic controller (PLC) that has been
specifically designed for use in the concrete industry.

One of the key advantages of the Fatek PLC FBS-32 is its high processing speed.
This PLC is capable of executing complex control algorithms and processing large
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amounts of data in real-time, making it well-suited for controlling concrete mixing
processes.

Another advantage of the Fatek PLC FBS-32 is its compact design. This PLC is
small and lightweight, making it easy to install and integrate into existing concrete
mixing systems. Additionally, its compact design makes it a cost-effective solution
for smaller concrete mixing stations.

Figure 2.1: Fatek PLC

The Fatek PLC FBS-32 is also known for its user-friendly interface. It features an
intuitive programming environment that makes it easy to program and configure the
PLC for use in concrete mixing processes. Additionally, the FBS-32 is equipped with
robust diagnostic features, making it easy to monitor and troubleshoot any issues
that may arise.

The Fatek PLC FBS-32 is also compatible with a range of communication protocols,
making it easy to integrate with other control and monitoring systems. This allows
the PLC to exchange data with other devices, such as sensors, actuators, and control
systems, making it possible to monitor and control the concrete mixing process in
real-time [6].

In conclusion, the Fatek PLC FBS-32 is a good choice for controlling concrete mixing
processes due to its high processing speed, compact design, user-friendly interface,
and compatibility with other control and monitoring systems. Additionally, its cost-
effectiveness and ease of use make it a popular choice for small- to medium-sized
concrete mixing stations.

2.4 Scope of the Project

The scope of the project ” Design of Control System for Concrete Mixing Station using
PLC” encompasses the development and implementation of a comprehensive control
system that automates and optimizes the process of concrete mixing.Key components
of the project scope include:

Control System Design:Designing a control system architecture that integrates
various elements such as PLCs, sensors, actuators, and human-machine interfaces
(HMIs).
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Sensor Integration: Implementing sensors, such as ultrasonic sensors or level sen-
sors, to monitor the levels of materials in the storage tanks and provide real-time
data for process control.

User Interface Development: Creating a user-friendly graphical interface that
allows operators to monitor the system status, adjust control parameters as per re-

quirements.

2.5 Review of Related Research

Table 2.1: Literature review and related work about the Concrete Mixing station

based on PLC.

Paper No. Paper Title

Findings

1] The Control System Design of Concrete
Mixing Station based on PLC.

PLC based Control
system gives better ac-
curacy and reduces the
labour work load.

2] Saleh, Mohammed & Mohammed,
Khalid & Al-sagar, Zuhair & Zuhair,
Aws. (2018). Design and Implementa-
tion of PLC-Based Monitoring and Se-
quence Controller System. 10. 2281-
2289.

PLC is reliable and
rigid and capable of
controlling  different
parameters in harsh
conditions.

3] Loizou, Constantinos & Koutroulis,
Eftichios. (2016). Water level sens-
ing:  State of the art review and
performance evaluation of a low-cost
measurement system. Measurement.

89.10.1016/j.measurement.2016.04.019.

Different sensors for
sensing of water level.

[4] Heywood, Nigel & Tily, P. (2004). Sur-
vey and Selection of Techniques for Bulk
Solids Level Measurement in Storage
Vessels.

Different sensors for
sensing of solid mate-
rial level.

[5] Tily, P.J. (1999) State-of-the-art review
on level measurement techniques for lig-
uids, dry solids, wet solids and slur-
ries/pastes. Aspen Technology’s Pro-
cess Manual: Slurry Handling Volume
7 Part 6.

Different sensors for
sensing of solid mate-
rial level.

[6] Amir, Shajnush & Kamal, Mirza &
Khan, Syeda & Salam, K.. (2017).
PLC Based Traffic Control System
with Emergency Vehicle Detection
and Management. 10.1109/1CI-
CICT1.2017.8342786.

The PLC based con-
trol system improved
the efficiency and
safety of the traffic
control process.
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Chapter 3

Methodology

In the proposed system, an overview diagram shown in Figure 3.1 illustrates the com-
plete operation. The system involves the extraction of data from ultrasonic sensors
installed on storage tanks using an Arduino microcontroller. This collected data is
then transmitted to a Programmable Logic Controller (PLC), which indicates the
presence of data on a Graphical User Interface (GUI).

GUI/HMI| — I ¥ __--l o |

| — Screw Conveyor

I

!
ool .. b, —ocmoror — ﬁ?
ARDUINO B 4 :

Mixing Tank ==p

@(lh- et

[ <= Ultrasonic Sensors

)

Figure 3.1: Overview Diagram

Once the data is displayed on the GUI, the system provides the user with the ability
to control the operation based on specific requirements. By interacting with the GUI,
the user can send signals to DC motors, which in turn drive the rotation of a screw
conveyor. This rotational movement enables the controlled flow of materials into the
mixing tank.

The purpose of this system is to enable real-time monitoring and control of the con-
crete mixing process. The ultrasonic sensors, coupled with the Arduino, facilitate
the measurement and extraction of data related to the storage tank levels. This
data is then seamlessly communicated to the PLC, allowing for efficient control and
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visualization on the GUI.

By providing a user-friendly interface, operators can easily interact with the system,
viewing the sensor data and making informed decisions. Depending on the user’s
requirements, the PLC can activate the DC motors to adjust the speed and rotation
of the screw conveyor. This flexibility enables precise control over the material flow
into the mixing tank, ensuring the desired composition and consistency.

3.1 System Architecture

System architecture plays a crucial role in the design and implementation of the pro-
posed concrete mixing station control system. It provides a structured framework for
understanding the components, interactions, and functionalities of the system. In this
section, we will delve into the system architecture, outlining the key components and
their roles in achieving efficient and automated control of the concrete mixing pro-
cess. The architecture encompasses various elements, including the Sensor Module,
Data Acquisition and Transmission, Programmable Logic Controller (PLC), Graph-
ical User Interface (GUI), DC Motor Control, and the Mixing Tank. By examining
each component and its integration within the system, we aim to illustrate how these
elements collaborate to monitor and regulate the mixing operations, ensuring precise
material flow, accurate control, and optimal mixing outcomes.

3.1.1 Sensor Module
Ultrasonic Sensors

The Sensor Module incorporates ultrasonic sensors that are strategically installed on
the storage tanks. These sensors accurately measure the levels of materials within
the tanks. They utilize ultrasonic waves to determine the distance between the sensor
and the material surface, enabling precise level measurements.

Arduino Microcontroller

An Arduino microcontroller is integrated into the Sensor Module. It serves as the
interface between the ultrasonic sensors and the control system. The Arduino collects
the data from the sensors, processes it, and prepares it for transmission to the central
control unit (PLC).

3.1.2 Data Acquisition and Transmission

The data acquired by the Arduino from the ultrasonic sensors is transmitted to the
Programmable Logic Controller (PLC) for further processing and control. Communi-
cation protocols such as Modbus or Ethernet is utilized to ensure reliable and efficient
transmission of the data.

3.1.3 Programmable Logic Controller (PLC)

The PLC serves as the core control unit of the system. It receives the data from the
Arduino and applies control logic and sequencing to orchestrate the concrete mixing
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process. The PLC analyzes the sensor data and makes decisions based on predefined
algorithms and control parameters to ensure efficient and accurate mixing operations.

Control Logic and Sequencing

Within the PLC, sophisticated control logic is implemented to regulate and coordinate
the various stages of the concrete mixing process. This includes managing the material
mixing, and discharge operations. The sequencing logic ensures that the process
progresses smoothly, adhering to predefined procedures and ensuring optimal mixing
results.

3.1.4 Graphical User Interface (GUI)

The GUI provides an interactive and user-friendly interface for monitoring and con-
trolling the concrete mixing station. It receives real-time data from the PLC and
presents it to the user in a visually understandable format. The GUI allows users
to monitor the material levels in the storage tanks, view system status, and input
specific control parameters as per their requirements.

Real-time Data Display

The GUI displays the sensor data received from the PLC in real-time. It presents vi-
sual representations to provide users with clear and up-to-date information regarding
the material levels in the storage tanks.

User Interaction and Input

Users can interact with the system through the GUI, enabling them to provide input
and control signals. The GUI allows users to set control parameters, specify mixing
requirements, and initiate specific actions or adjustments. User-friendly controls and
intuitive interfaces facilitate easy and effective interaction with the system.

3.1.5 DC Motor Control

Based on user inputs received through the GUI, the PLC sends control signals to the
DC motors responsible for driving the screw conveyor. These control signals regulate
the speed and rotation of the DC motors, which, in turn, control the flow rate of
materials into the mixing tank. Precise motor control ensures accurate material flow,
contributing to the desired composition and consistency of the concrete mixture.

3.1.6 Mixing Tank

The mixing tank acts as the central component where the concrete mixture is pre-
pared. It receives materials from the screw conveyor, and the regulated flow controlled
by the PLC and DC motors ensures an optimal and controlled mixture. The mixing
tank may incorporate additional mechanisms such as agitators or paddles to ensure
thorough mixing of the materials [4][12][13].

16



3.2 Block Diagram

In this section, we will present a block diagram to provide a holistic understanding
of the system architecture. By examining the key blocks and their relationships, we
can comprehend the overall structure and functionality of the system more compre-
hensively.

f
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PLC
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Figure 3.2: Block Diagram

The block diagram presents a simplified representation of the concrete mixing station
control system, illustrating the interconnected modules and their roles. It showcases
the integration of level sensors, Arduino microcontroller, PLC, GUI, DC motors, screw
conveyors, mechanical valves, and the mixing tank. Through effective coordination
and control of these components, the system ensures precise material flow, accurate
mixing, and efficient concrete production.

3.2.1 Working

The proposed block diagram of the concrete mixing station depicts a system designed
to efficiently control and automate the concrete mixing process. The system consists
of four storage tanks, namely gravel, sand, cement, and water storage tanks, each
equipped with level sensors, mechanical valves, and DC motors.

The primary function of the level sensors is to accurately detect and measure the lev-
els of materials within the storage tanks. These sensors are connected to an Arduino
microcontroller, which serves as the interface between the sensors and the control sys-
tem. The Arduino collects the sensor data and communicates it to the Programmable
Logic Controller (PLC). By constantly monitoring the material levels, the system en-
sures the availability of real-time data for precise control.

Upon receiving the sensor data, the PLC interprets the information and determines
the presence of materials in the storage tanks. This indication is then displayed on a
Graphical User Interface (GUI) or Human-Machine Interface (HMI), allowing users to
monitor the system’s status. The GUI provides an intuitive interface through which
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users can control the operation of the concrete mixing station based on their specific
requirements.

To initiate the material flow into the mixing tank, the PLC sends commands to the
corresponding DC motors connected to screw conveyors. The DC motors drive the
rotation of the screw conveyors, facilitating the controlled movement of materials
from the storage tanks to the mixing tank. This controlled flow ensures accurate
proportions and consistent mixing [5].

Once the materials are introduced into the mixing tank, they undergo the mixing pro-
cess for a specific period of time to achieve the desired consistency and homogeneity.
During this time, the PLC monitors and controls the mixing parameters, ensuring
optimal mixing performance.

Upon completion of the mixing process, the concrete mixture is ready for extraction.
This is achieved by opening the mechanical valves connected to the mixing tank. The
opening of these valves allows the concrete to flow out of the mixing tank, ready for
further utilization or transportation.

3.3 Component Selection

The sensors and actuators which are used during the project are:

3.3.1 FATEK FBS-32MAR2-AC

User friendly and powerful instructions

The FBs-PLC offers a wide range of user-friendly and powerful instructions, with over
300 instructions available. These instructions are designed with a multi-input/multi-
output function structure, allowing users to achieve various functionalities with fewer
instructions compared to other PLC brands. The result of each operation can be
directly sent to internal or external outputs, improving program readability. Addi-
tionally, the FBs-PLC provides dedicated instructions for advanced applications such
as PLC networking, PID control, and NC positioning, making program development
more convenient.

Integrated high-speed counters with counting frequency up to 920 KHz

The FBs-PLC is equipped with integrated high-speed counters, including hardware
and software counters. It supports up to 4 sets of hardware high-speed counters
with counting frequencies of up to 200KHz (MC) or 920KHz (MN). The counters
offer various counting modes and functions, such as U/D, U/Dx2, P/R, A/B, and
more. These high-speed counters provide efficient and powerful counting capabilities.
The FBs-PLC also includes 4 sets of software high-speed counters with counting
frequencies of 5KHz and supports multiple counting modes.

Powerful Communication Features

The FBs-PLC offers powerful communication features with its five communication
ports. These ports support various intelligent peripherals with interfaces such as USB,
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RS232, RS485, Ethernet, CANopen@®), and ZigBee™. In addition to the FATEK and
Modbus protocols, the FBs-PLC supports user-defined protocols through the CLINK
instruction, allowing active or passive connections with intelligent peripherals. The
FBs-PLC also provides a simple HMI called FBs-DAP or FBs-PEP, which can be
linked via RS485 bus. This HMI offers features such as a timer/counter editor and
user-definable keys, making it suitable for applications like entrance control, parking
equipment, and elevator control. It can be equipped with a wireless RFID sensing
module for added functionality.

In the context of a concrete mixing station, the FATEK FBS-32MAR2-AC PLC
controller shown in Figure 3.3 is responsible for the centralized control and automation
of various processes involved in concrete mixing, ensuring precise material proportions
and efficient operation.

Figure 3.3: FATEK FBS-32MAR2-AC

3.3.2 Arduino Nano Micro-Controller

The Arduino Nano is a compact and powerful microcontroller board that is built
around the ATmega328P chip. It provides an affordable and space-efficient solution
for a variety of electronics projects and prototyping purposes. With its small form
factor, the Arduino Nano is particularly well-suited for applications with limited space
or those requiring portability.

Featuring 14 digital input/output pins, 8 analog inputs, and multiple communication
interfaces such as UART, SPI, and I12C, the Arduino Nano offers flexibility in con-
necting and controlling various components and peripherals. It can be conveniently
powered via USB or an external power supply, and its voltage regulation ensures a
stable 5V output to power connected devices.

At its core, the Arduino Nano is driven by the ATmega328P microcontroller, which
operates at a frequency of 16 MHz. This microcontroller provides 32KB of flash
memory for program storage, along with 2KB of SRAM and 1KB of EEPROM for
data handling and storage requirements.

Programming the Arduino Nano is straightforward using the Arduino Software (IDE),
a user-friendly development environment. The Arduino IDE supports the Arduino
programming language, which is based on C/C++, and offers a wealth of libraries
and functions that simplify the coding process.

19



The Arduino Nano Micro-Controller shown in Figure 3.4, specifically programmed
for the concrete mixing station, plays a crucial role in functions such as material
level sensing, and data processing, facilitating accurate and reliable operation of the
system.

Figure 3.4: Arduino Nano

3.3.3 Power Supply

A 12V 20A power supply shown in Figure 3.5 is an electronic device that converts
AC (alternating current) voltage from a mains power source into DC (direct current)
voltage at a stable 12V output with a maximum current capacity of 20A.The power
supply operates with an input voltage typically ranging from 100V to 240V AC.

One of the main functions of a 12V 10A power supply is to provide a regulated
DC output voltage of 12V. This ensures a stable power supply for various electronic
systems and devices. The power supply incorporates internal circuitry to convert the
AC input voltage into a DC output voltage.

Safety features are an important aspect of a 12V 20A power supply.

Figure 3.5: Power Supply

3.3.4 Wiper Motor

In a concrete mixing station, a wiper motor shown in Figure 3.6 serves a critical role in
facilitating the movement of materials into the mixing tank. The motor is responsible
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for driving the screw conveyor, which allows for the controlled flow of gravel, sand,
cement, or other components into the mixing tank.

The wiper motor used in this application is designed to meet the specific power and
torque requirements of the screw conveyor system. It operates on a designated voltage,
such as 12V or 24V and takes current of 2 to 4 Amperes, ensuring compatibility with
the station’s electrical system|[14].

The power rating of the wiper motor determines its ability to generate the necessary
torque for smoothly rotating the screw conveyor. This torque ensures the efficient
and consistent movement of materials from the storage tanks to the mixing tank.

The speed of the wiper motor is typically set to an optimal level that allows for
the desired flow rate of materials. The motor’s speed, combined with the design
and configuration of the screw conveyor, ensures a controlled and steady transfer of
materials into the mixing tank[15].

Figure 3.6: Wiper Motor

3.3.5 DC-DC Buck Converter

The HW 677 LM2596HV Adjustable Step Down DC to DC Buck Converter Mod-
ule shown in Figure 3.7 is a specific model of buck converter module based on the
LM2596HV integrated circuit.

The LM2596HV module is designed to step down a higher input voltage to a lower
output voltage. It has a wide input voltage range, typically around 4.5V to 40V, and
can provide an adjustable output voltage in the range of 1.3V to 37V.

The module is capable of delivering a maximum output current of around 3A, de-
pending on the design and heat dissipation capabilities. The actual output current
capacity may be lower based on the input voltage, output voltage, and temperature
conditions.

The LM2596HV module features an adjustable output voltageby incorporating a
multi-turn potentiometer or trimmer pot. In context of Concrete Mixing Station DC-
DC buck converter is employed to convert a higher voltage input to a lower, regulated
voltage output, enabling efficient and precise power delivery to specific components
within the concrete mixing station.
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Figure 3.7: Buck Converter

3.3.6 Ultrasonic Sensor(HC-SR04)

The HC-SR04 shown in Figure 3.8 is an ultrasonic sensor module commonly used for
distance measurement in various applications.The HC-SR04 sensor operates based on
the time-of-flight principle. It emits ultrasonic waves at a frequency of around 40 kHz
and measures the time it takes for the sound waves to bounce back after hitting an
object.

The HC-SR04 sensor has a typical measurement range of 2 cm to 400 cm (or 1
inch to 13 feet). The actual range may vary based on factors such as environmental
conditions, object surface, and sensor calibration.

The sensor consists of two main components: a transmitter and a receiver. The
transmitter emits ultrasonic waves, while the receiver detects the reflected waves.

In context of Concrete Mixing Station,Ultrasonic sensors, such as the HC-SR04, are
utilized to measure the levels of materials in the storage tanks of the concrete mixing
station. These sensors provide real-time data for accurate monitoring and control of
material quantities, ensuring optimal mixing ratios.

Figure 3.8: Ultrasonic Sensor

3.3.7 Relay Module

A relay module shown in Figure 3.9 is an electronic device that incorporates a relay
and other components for easy integration into circuits or systems.

22



In context of Concrete Mixing Station the relay module acts as a control interface for
electrical devices, including motors and pumps, enabling their activation or deactiva-
tion based on the requirements of the concrete mixing process.

An optocoupler, also known as an optoisolator, is a device that combines an LED
(light-emitting diode) and a photodetector (usually a phototransistor) within a single
package. It provides electrical isolation between the input (control) side and the
output (relay) side, protecting sensitive circuits from potentially damaging voltages
or currents.

The relay module supports both high-level trigger and low-level trigger modes. This
refers to the voltage level required to activate the relay coil and switch the relay
contacts. In high-level trigger mode, the relay is triggered by applying a high voltage
(typically the supply voltage, such as 12V) to the trigger input. In low-level trigger
mode, the relay is triggered by applying a low voltage (such as OV or ground) to the
trigger input.

The relay module is designed to operate with a 12V power supply. It can typically
switch moderate to high currents, depending on the specific relay used in the module.
The voltage and current ratings of the relay contacts are specified in the datasheet
or documentation provided by the manufacturer.

In context of Concrete Mixing Station the relay module acts as a control interface for
electrical devices, including motors and pumps, enabling their activation or deactiva-
tion based on the requirements of the concrete mixing process.

Figure 3.9: Relay Module

3.3.8 Ethernet Module

The Fatek FBs-CBES shown in Figure 3.10 is an Ethernet module designed by Fatek
Automation, a manufacturer of programmable logic controllers (PLCs) and automa-
tion solutions.

The FBs-CBES module serves as an Ethernet communication interface for Fatek
PLCs. It enables communication between the PLC and other devices or systems over
an Ethernet network.

The FBs-CBES module supports various communication protocols commonly used
in industrial automation, such as Modbus TCP/IP and Fatek’s proprietary Ethernet
communication protocol.
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The FBs-CBES module is typically configured and programmed using Fatek’s soft-
ware tools, such as the FBs-PLC or WinProladder software. These tools provide a
user-friendly interface for configuring network settings, establishing communication
parameters, and programming the PLC to utilize the Ethernet module’s capabilities.

The Ethernet module facilitates communication and connectivity between the con-
crete mixing station and external devices or systems. This enables data exchange,
remote monitoring, and control, enhancing the flexibility and integration capabilities
of the mixing station.

Figure 3.10: Ethernet Module

3.3.9 Water Pump

The DC Mini Water Pump Motor shown in Figure 3.11 is a 12V, 8-watt motor used
for small-scale water pumping applications.

The motor operates at a voltage of 12 volts, making it compatible with low-voltage
DC power sources such as batteries or solar panels. It has a power rating of 8 watts,
which indicates the amount of electrical power it consumes during operation.

The motor is specifically designed for water pumping applications, typically in small-
scale projects such as aquariums, fountains, or hydroponic systems. It is characterized
by its compact size and low power consumption.

The motor is typically designed for continuous operation and can handle a range of
water types, including clean water or water with low levels of particles or debris. It
may not be suitable for pumping highly abrasive or corrosive fluids [6].

Some models of the DC Mini Water Pump Motor may incorporate protection mech-
anisms to ensure safe operation and prevent damage. These can include features
such as dry-run protection to prevent damage when there is no water available for
pumping, overload protection, or thermal protection to prevent overheating.

Water pumps play a critical role in the concrete mixing station by supplying water to
the mixing process. They ensure the precise water-to-material ratio, a crucial factor
in achieving the desired concrete consistency and quality.
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Figure 3.11: Water Pump

3.4 CAD Model

Introducing the CAD model of a concrete mixing station, a crucial component in
construction projects. Below in Figure 3.12 is a detailed representation of the concrete
mixing station, showcasing its design and layout.

Figure 3.12: CAD Model

3.5 Mathematical Calculations
The Structure of Storage Tanks are like SILOs whose volume is calculated by the
equation [3.1}

Volume = 0.785D,% « H1 + 0.262H2(D+* + D,? + D, D>) (3.1)

Capacity of Storage tank is found by the equation [3.2

Capacity = Volume x Density of the material in Tank (3.2)

As we are making storage tanks for 5Kgs of Sand, Gravel and Cement whose standard
densities are 1.52,1.52 and 1.44 gm/Cm? respectively.

After calculations Values for D1,D2,H1 and H2 are:

For Sand;

D1 = 15cm, D2 = 5cm, H1 = 14.14cm and H2 = 9.4cm
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For Cement;
D1 = 15c¢m, D2 = 5cm, H1 = 14.56cm and H2 = 10.5cm
For Gravel;

D1 = 15cm, D2 = 5cm, H1 = 14.14cm and H2=9.4cm
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L
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Figure 3.13: SILO Structure

3.6 Algorithm

The concrete mixing station is a sophisticated system designed to efficiently produce
high-quality concrete for various construction projects. With its array of compo-
nents, including level sensors, Arduino microcontroller, PLC, GUI, DC motors, screw
conveyors, mechanical valves, and the mixing tank, the system seamlessly integrates
hardware and software to automate the concrete mixing process.The algorithm for
the process is mentioned below:

1. Initialize the system and establish communication between the components,
including the level sensors, Arduino microcontroller, PLC, GUI, DC motors,
screw conveyors, mechanical valves, and the mixing tank.

2. Continuously monitor the levels of materials in the storage tanks using the level
sensors connected to the Arduino microcontroller.

3. Read the sensor data from the Arduino microcontroller.
4. Transmit the sensor data to the PLC for further processing and control.

5. Analyze the received sensor data in the PLC to determine the presence of ma-
terials in the storage tanks.

6. Display the status of material presence on the GUI, allowing users to monitor
the system’s state.
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7. Provide user interaction through the GUI, enabling users to input specific re-
quirements for the concrete mixing process.

8. Receive user commands and requirements from the GUI in the PLC.

9. Based on the user requirements, send commands from the PLC to the DC
motors connected to the screw conveyors to control the flow rate of materials
from the storage tanks to the mixing tank via the screw conveyors.

10. Continuously monitor the mixing process, ensuring that materials are properly
mixed for the specified duration.

11. Once the mixing process is complete, open the mechanical valves connected to
the mixing tank to allow the concrete mixture to flow out.

12. Extract the concrete mixture for further utilization or transportation.

13. Repeat the process for subsequent mixing cycles, continuously monitoring the
material levels and controlling the mixing parameters based on user require-
ments.

3.7 Flowchart

The Flowchart of system is shown in Figure 3.14 along with its explanation:
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Figure 3.14: Flowchart

1. The process starts with the acquisition of data from ultrasonic sensors installed
on the storage tanks. These sensors measure the levels of gravel, sand, cement,
and water in their respective tanks.
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. Once the data is collected, it is sent to the Programmable Logic Controller
(PLC) by Arduino nano for processing and control. The PLC serves as the
central control unit for the concrete mixing station.

. The PLC receives the sensor data and indicates the presence of material on
the Graphical User Interface (GUI) or Human-Machine Interface (HMI). This
allows the operator to monitor the levels of the storage tanks in real-time.

. Based on specific requirements or user inputs, the operator can send signals to
the DC motors through the PLC. These signals control the rotation of the screw
conveyor, which facilitates the flow of materials into the mixing tank.

. The DC motors, upon receiving the signals, rotate the screw conveyor, allowing
the material to flow from the storage tanks into the mixing tank.

. The materials are mixed in the mixing tank for a certain period of time, allowing
for thorough blending and homogeneity.

. Once the mixing process is complete, the mixed concrete can be obtained by
opening the mechanical valves. These valves allow the concrete to be discharged
from the mixing tank into the desired containers or transportation equipment.

. The flow of the process continues until the desired amount of concrete has been
produced or until the operator decides to stop the operation.
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Chapter 4

Implementation and Results

4.1 Project Implementation Process

The implementation of the design of the control system for a concrete mixing station
using PLC will involve a series of technical steps, which require expertise in electrical
engineering and automation.

Project implementation method

o . R .

De:ﬁne the 5 Develop ¢e Install the s=nsors and Tntegrate safety
roquircments control algorithm actuators

= 3 Test the system [ —3  Trainoperators | lmplement the

7
ieamre system

Figure 4.1: Project Implementation Process

. Define the requirements: The first step in implementing the design is to

define the technical requirements of the control system. This will involve speci-
fying the control algorithm, which is the set of logical instructions that the PLC
will use to control the flow of materials and the mixing process. The algorithm
will be developed based on the desired output, the size of the mixing station,
the number of materials being used, and the available resources for installation
and maintenance.

. Develop the control algorithm: The control algorithm will be developed

using specialized software and programming languages such as Ladder Logic,
Structured Text or Function Block Diagrams. The algorithm will be designed
to ensure that the mixer produces high-quality, consistent concrete mixes while
meeting specific requirements such as strength, density, and curing time.

. Install the sensors and actuators: Sensors and actuators will be selected

based on the requirements of the control algorithm and the characteristics of
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the materials being mixed. These components will be installed throughout the
mixing station to monitor the flow of materials and control the mixing process.
The sensors will measure parameters such as level and send signals to the PLC.
The PLC will then send signals to the actuators, which will control valves,
pumps, and motors to regulate the flow of materials.

4. Test the system: Once the sensors, actuators, and PLC are installed, the
control system will need to be tested to ensure that it is functioning correctly.
This will involve testing the sensors and actuators to ensure that they are de-
tecting and controlling the flow of materials as expected, and testing the control
algorithm to ensure that it is producing the desired results. Testing may involve
simulations or trial runs with actual materials [7].

5. Integrate safety features: Safety features, such as emergency shutdown pro-
cedures and safety sensors, will be integrated into the control system to ensure
safe operation of the mixing station.

6. Train operators: The operators of the mixing station will need to be trained
on how to operate the control system, including how to monitor the system,
troubleshoot problems,and make adjustments as needed. Training will include
technical information on the control algorithm, the sensors and actuators, and
the safety features of the system.

7. Implement the system: Once the control system has been tested and oper-
ators have been trained, the system can be implemented in the mixing station
for regular use. The implementation will involve integrating the control system
with the existing infrastructure of the mixing station, such as power supply and
communication networks.

4.2 Software Design

4.2.1 Software tools
Proteus

Proteus is a powerful software tool commonly used for electronic circuit design, sim-
ulation, and PCB layout. It provides a virtual environment where users can design,
test, and debug their electronic circuits before implementing them in the physical
world. In the context of respective project, we have utilized Proteus to simulate the
behavior of ultrasonic sensors in sensing the material levels in four storage tanks,
along with the integration of Arduino.

AutoCad

AutoCAD is a widely used computer-aided design (CAD) software that plays a crucial
role in the design and visualization of various engineering projects, including the
design of control systems for concrete mixing stations.
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AutoCAD offers comprehensive tools for both 2D and 3D design, allowing users to
create detailed drawings and models. You can design different layout with precise
dimensions and accurate representations.

In the context of respective project, we have utilized AutoCAD to create a CAD
model, which enhances the overall design and planning process of Concrete Mixing
Station.

WinproLadder

Winproladder is a specialized ladder logic programming software commonly used for
industrial automation and control systems.

Winproladder provides a user-friendly interface and intuitive ladder logic program-
ming environment. User can create ladder diagrams consisting of various ladder
elements, such as contacts, coils, timers, counters, and arithmetic operations. These
ladder elements represent the logic and control functions necessary to monitor and
control the concrete mixing process.

With Winproladder, user can define input points from sensors, such as ultrasonic
sensors or level sensors, to monitor the material levels in the storage tanks. The ladder
program can be designed to read the sensor inputs and display the corresponding data
on the graphical user interface (GUI) or human-machine interface (HMI). This allows
operators to visualize the real-time status of the material levels during the concrete
mixing process.

In the context of respective project, we have utilized Winproladder to develop ladder
language programs for monitoring and controlling the process of concrete mixing in
accordance with user requirements.

FV Designer

FV Designer is a powerful and versatile software tool used for designing and con-
figuring human-machine interfaces (HMIs) in industrial automation systems. With
FV Designer, user can create visually appealing and interactive interfaces that allow
operators to monitor and control the processes in a user-friendly manner.

FV Designer provides a range of graphical tools and features to design intuitive and
visually appealing HMI screens. User can create custom graphical elements, such as
buttons, switches, indicators, charts, and alarms, to represent the various aspects of
the Process. These graphical elements can be arranged and organized on the screen
to provide a clear and comprehensive overview of the system’s status and operation.

In context of Concrete Mixing station we have created visually appealing and in-
teractive interfaces that allow operators to monitor and control the concrete mixing
process in a user-friendly manner.

Arduino IDE

Arduino IDE (Integrated Development Environment) is a software platform specifi-
cally designed for programming and developing applications using Arduino boards.
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It provides a user-friendly interface and a set of tools that simplify the process of
writing, compiling, and uploading code to Arduino microcontrollers. It supports the
Arduino programming language, which is based on C/C++. The IDE provides syn-
tax highlighting, auto-completion, and error checking, which help in writing accurate
and efficient code.

By utilizing Arduino IDE, we were able to write, compile, and upload code to Arduino
board, enabling the sensors to detect the presence of materials in the tanks accurately.

4.2.2 Graphical User Interface(GUI)

The graphical user interface (GUI) shown in Figure 4.2 developed for the project
"Design of Control System for Concrete Mixing Station using PLC” encompasses two
main parts: the controlling part and the monitoring part.

Controlling Part

The controlling part of the GUI enables users to input their desired specifications
and requirements for the concrete mixing process. This includes the percentage of
required concrete mix.

The controlling part of the GUI serves as the interface through which users can
customize and adjust the operation of the concrete mixing station according to their
specific needs. It provides a user-friendly and intuitive platform for inputting these
requirements, ensuring ease of use and efficient control over the mixing process.

Monitoring Part

The monitoring part of the GUI is responsible for displaying the real-time levels of
the storage tanks in the concrete mixing station. The monitoring section utilizes data
from the ultrasonic sensors installed on the storage tanks to accurately measure and
represent the current level of each tank either high or low. This information is then
visually presented on the GUI, allowing users to monitor the quantity of materials
available in the tanks during the mixing process.

In the event that the level of any storage tank falls below a predefined threshold, the
GUI incorporates an indicator mechanism to alert the user and stops the process.
This indicator serves as a visual cue, promptly notifying the user of a low level in a
specific storage tank. This feature ensures that users are promptly informed about
any potential shortages of materials during the concrete mixing operation, enabling
them to take appropriate action such as refilling the tank to maintain an uninterrupted
mixing process.

By providing a well-designed and intuitive GUI, the control system for the concrete
mixing station using PLC offers users a seamless and efficient means of controlling and
monitoring the mixing process. The GUI’s ability to capture user requirements and
display real-time tank levels enhances the overall functionality and user experience of
the system, enabling precise control and effective management of the concrete mixing
station.
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In summary, the GUI of the control system for the concrete mixing station acts as a
bridge between users and the PLC-based control system, facilitating the input of user
requirements and providing real-time monitoring of storage tank levels. Its intuitive
design and responsive indicators ensure that users can easily control the mixing pro-
cess and stay informed about the material levels, contributing to an optimized and
efficient concrete mixing operation [8].

Project Name: Design of Control System for Concrete Mixing Station Using PLC.

Group Members: Suhaib Safdar : Muhammad Hilal : Ibad Ali
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Figure 4.2: Graphical User Interface

4.2.3 Ladder Language Programming

Ladder language programming shown from Figure 4.3 to 4.9 plays a crucial role in
the design and implementation of the control system for a concrete mixing station
using PLC. Ladder logic, also known as ladder diagram programming, is a graphical
programming language widely used in industrial automation and control systems.

In the context of the concrete mixing station project, ladder language programming
is employed to create the logic and control algorithms that govern the operation of
various components and processes. It provides a visual representation of the control
system’s behavior, making it easier to understand and modify [9].

To begin ladder language programming for the concrete mixing station control system,
an understanding of the desired functionality and requirements is essential. This
involves identifying the different inputs, outputs, and control actions necessary for
the mixing process. Inputs include sensor readings, user commands, and system
status, while outputs can be motors, valves, and indicators.

Using ladder logic software, the programmer translates these requirements into ladder
diagram representations. The ladder diagram consists of rungs that represent logical
operations and actions. Each rung consists of input contacts, control coils, and output
contacts. The input contacts represent conditions or sensor inputs, while the control
coils perform specific actions based on those conditions. Output contacts control the
activation or deactivation of various components.

The ladder logic program is built by connecting input contacts, control coils, and
output contacts in a way that reflects the desired control sequence and logic flow. This
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includes implementing conditional statements, timers, counters, and other control
functions as needed.

In the case of the concrete mixing station, ladder language programming is used to
control the operation of motors and other components involved in the material flow
and mixing process. It enables the PLC to respond to user inputs, sensor readings,
and predefined control algorithms to ensure precise and efficient mixing.

During the ladder language programming phase, thorough testing and debugging are
crucial to verify the correctness and reliability of the control system. This involves
simulating various scenarios, analyzing the ladder logic execution, and making neces-
sary adjustments to optimize performance and address any issues.

Overall, ladder language programming serves as the backbone of the control sys-
tem for the concrete mixing station using PLC. It enables the translation of desired
functionality into a visual and logical representation, allowing for precise control and
automation of the mixing process. Through careful design, implementation, and
testing, ladder logic programming ensures the reliable and efficient operation of the
concrete mixing station control system.
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4.2.4 Simulation Results of Level Sensing

The simulation of level sensing using Arduino Nano in Proteus for the concrete mixing
station shown in Figure 4.10 involves the implementation and testing of a virtual
model that accurately represents the behavior of the ultrasonic sensors installed in the
four storage tanks. Proteus is a powerful software tool commonly used for electronic
circuit simulation, including microcontroller based systems.

In this simulation, Arduino Nano is utilized as the microcontroller to interface with
the ultrasonic sensors and perform the necessary calculations and measurements. The
ultrasonic sensors are emulated within Proteus, generating simulated distance values
that correspond to the levels of the materials in the storage tanks.

The Arduino , equipped with appropriate firmware, sends signals to the emulated
ultrasonic sensors and receives the corresponding simulated distance readings. These
readings are then processed and analyzed within the Arduino code to determine the
levels of the materials in the tanks which are then further send to the PLC.

Overall, the simulation of level sensing using Arduino Nano in Proteus enhances the
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design and development of the control system for the concrete mixing station. It
provides a reliable and cost-effective platform to test and validate the level sens-
ing functionality, leading to an optimized and efficient control system that ensures
accurate measurement of the material levels in the storage tanks.
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Figure 4.10: Level Sensing

4.3 Hardware design

The hardware design of the concrete mixing station incorporates a PLC (Programmable
Logic Controller) and Arduino Nano microcontroller. The PLC serves as the cen-
tral control unit, managing the overall operation and communication with various
components. The Arduino Nano is responsible for interfacing with sensors, such as
ultrasonic sensors for level sensing, and executing control algorithms based on user
input. This combination of PLC and Arduino enables precise control and monitoring
of the concrete mixing process in a reliable and efficient manner.

4.3.1 Hardware Implementation and Results

The hardware implementation of the concrete mixing station shown in Figure 4.11
and Figure 4.12 consists of a PLC (Programmable Logic Controller), Arduino Nano
microcontroller, and a Graphical User Interface (GUI) for monitoring and controlling
the system. The PLC and Arduino Nano handle the control and sensor interfacing
aspects respectively, while the GUI provides a user-friendly interface for operators to
monitor and adjust the system parameters [10].

The storage tanks play a crucial role in the concrete mixing process. They are designed
to hold different types of materials such as gravel, sand, cement, and water. Each
storage tank is equipped with level sensors that provide real-time data on the material
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levels. This information is crucial for ensuring accurate measurements and controlling
the flow of materials into the mixing tank.

By combining the capabilities of the PLC and Arduino Nano along with GUI, the
control system can effectively monitor the storage tanks. The PLC receives input from
the ultrasonic sensors through the Arduino Nano, enabling continuous monitoring of
the material levels in tanks. Based on this data, the control system can make informed
decisions and adjust the operation of the system as per user requirements [11].

The integration of PLC and Arduino Nano in the hardware implementation allows
for seamless communication and coordination between different components of the
concrete mixing station. It facilitates precise control, efficient material management,
and ensures optimal mixing ratios for producing high-quality concrete.

Figure 4.12: Hardware Results
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Chapter 5

Conclusion, Limitations and
Future Recommendations

5.1 Conclusion

In this proposed project we have implemented or designed a control system for a
concrete mixing station using PLC which substantially offer significant advantages in
terms of automation, accuracy, and efficiency. Through the integration of ultrasonic
sensors, Arduino microcontrollers, and a programmable logic controller (PLC), the
system enables real-time monitoring and control of material levels, motor rotation,
and mixing processes. The use of a graphical user interface (GUI) or human-machine
interface (HMI) provides operators with a user-friendly and intuitive platform to
oversee and manage the concrete mixing operations.

By incorporating PLC technology, the control system ensures precise control over ma-
terial flow, resulting in consistent and high-quality concrete production. The ability
to adjust motor speeds and conveyor rotations based on user requirements enhances
flexibility and customization. Moreover, the integration of sensors allows for proactive
monitoring of material levels, enabling operators to take timely actions to replenish
supplies or prevent material shortages.

5.2 Limitations

While the control system for a concrete mixing station using PLC technology offers
significant advantages, there are some technical limitations to consider:

System Scalability:The scalability of the control system may pose a challenge,
especially when expanding the concrete mixing station or integrating it with other
processes. Additional PLCs, sensors, and communication modules may be required
to accommodate the increased complexity, which can add to the cost and complexity
of the system.

Communication Protocols: The compatibility and integration of various com-
munication protocols can be a limitation. Different components and devices may
use different communication standards, requiring additional effort and resources for
integration and ensuring seamless communication between them.

Sensor Accuracy and Reliability: The accuracy and reliability of the sensors
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used to measure material levels and other parameters can impact the overall perfor-
mance of the control system. Calibration, regular maintenance, and periodic sensor
checks are essential to maintain accurate measurements and prevent any deviations
that could affect the quality of the concrete mix.

Response Time: The response time of the control system, including data acquisi-
tion, processing, and actuation, is an important factor in maintaining efficiency and
productivity. Any delays in data transmission or system response can impact the
overall operation and throughput of the concrete mixing station.

Environmental Factors: The control system’s performance can be influenced by
environmental factors such as temperature, humidity, and vibration. Adequate pro-
tection measures should be implemented to ensure the system operates reliably in
harsh conditions typically found in concrete mixing stations.

Maintenance and Troubleshooting:Troubleshooting and maintenance of the con-
trol system may require specialized knowledge and expertise. In the event of system
failures or malfunctions, having trained personnel and access to technical support is
crucial to minimize downtime and maintain uninterrupted operation.

Safety Considerations: The control system should adhere to safety standards and
regulations to ensure the well-being of operators and prevent any potential hazards.
Proper emergency stop mechanisms, safety interlocks, and fail-safe features should be
implemented to protect personnel and equipment.

5.3 Future Recommendations

To further enhance the design of the control system for concrete mixing stations,
several recommendations can be considered.

1. Firstly, the integration of advanced data analytics and machine learning al-
gorithms can provide valuable insights into optimizing material flow, mixing
processes, and energy consumption.

2. Real-time monitoring of energy usage can help identify areas for energy effi-
ciency improvements.

3. Additionally, incorporating predictive maintenance techniques can enable proac-
tive maintenance and reduce equipment downtime.

4. The integration of IoT (Internet of Things) technology can enable remote mon-
itoring and control of the concrete mixing station. This would allow operators
to access and manage the system from anywhere, providing increased flexibility
and convenience.

5. The utilization of cloud-based storage and analysis of data collected from mul-
tiple mixing stations can facilitate centralized management and optimization of
concrete production across multiple sites.
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