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Abstract
This report has the purpose of creating and manufacturing a conveyor belt system using a Programmable Logic Controller (PLC) system. The main objective of this project is to understand the operation and the fundamentals so that this system functions correctly.
Similarly, the system will be oriented and designed so that the conveyor belt can transport different objects, and these in turn will be detected by an optical sensor system that will activate a piston system, which will respond according to the programming it has and what it receives from the sensors for its activation, giving us the opportunity to see its operation correctly and efficiently. At the same time, we will implement the HMI system, in other words, Human-Machine, as it is literally the interaction of humans with the conveyor belt system.



















Introduction

The objective of this report is to create the design and production of a conveyor belt system controlled through a Programmable Logic Controller (PLC) module. This system will classify different cylinders, which will have different geometric shapes such as squares and triangles, etc. The report will focus on the system specification, the design of the control modules, and the implementation of the system through technical application modelling.
This section seeks to describe the design of the conveyor belt, including a general scheme of the system and a flow diagram showing the sequence of operation and the system’s response to possible faults, as well  the conveyor belt will be explained, detailing the different hardware components used, such as sensors, actuators, and motor, and how they are integrated with the control modules to achieve the automatic classification of the objects.




















Network 1
Control module 1 corresponds to the conveyor belt start sequence, which has a timer that starts a three-second countdown when the green start button is pressed and held. Once this time has elapsed, the green lamp is energised and the belt motor starts running, this logic block includes a normally closed contact associated with the red stop button, which does not affect the system until it is pressed manually, after this when pressed, the control circuit opens and the conveyor belt stops moving.
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Network 2
[image: A screenshot of a computer

AI-generated content may be incorrect.]Control module 2 corresponds to the intermittent start signal. During the three seconds that the green start button is pressed, the green lamp flashes to indicate that it has been previously started. If the button is pressed for more than three seconds, the conveyor belt motor is activated and the green lamp changes to a steady state, remaining on while the system is in operation.


Network 3 
[image: A screenshot of a computer

AI-generated content may be incorrect.] Control module 3 corresponds to the reading of optical sensor S1. Once the green lamp signal is activated, the sensor timers for the positive and negative signals in our system start automatically. The readings obtained are sent to T_DIFF, where the time difference is calculated, thus determining the size of the object. (Bolton, 2021).

Networks 4, 5 and 6. 
[image: A computer screen shot of a computer

AI-generated content may be incorrect.]Control modules 4, 5 and 6 are responsible for sorting items according to the size of the time value calculated by T_DIFF is sent to T_CONV, where it is converted into an integer value for further evaluation. Each network uses an IN_RANGE function to compare this value with predefined ranges. If the value is between 300 and 400, network 4 for small objects is activated; between 450 and 600, network 5 for medium objects is activated; and between 650 and 850, network 6 for large objects is activated. Each network has an independent timer that synchronises the activation of the corresponding pneumatic cylinder, taking into account the distance the object must travel on the conveyor belt.  (Bolton, 2021).
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Network 7
[image: A screenshot of a computer

AI-generated content may be incorrect.] Control module 7 corresponds to the system's automatic stop line. Once the conveyor belt starts operating and optical sensor S1 detects the passage of an object, a timer is activated which starts a 30-second countdown. This timer monitors the sensor's activity during operation. If the S1 sensor is not reactivated within that interval, the system interprets that there are no parts or movement and will proceed to stop the belt by resetting the motor advance. (Bolton, 2021).






Data Block
[image: A screenshot of a computer

AI-generated content may be incorrect.]The PLC Standard Variable Table is the dictionary where we assign symbolic names to the physical input and output addresses of the controller. For example to make the system configuration in TIA Portal, I created variables with descriptive (symbolic) names to make the ladder program easier to read so for example a digital inputs such as sensors and physical buttons were assigned to specific addresses, such as the green start button to address %I0.6 to receive the start signal from the operator. Digital outputs were defined for the actuators, for example, Cylinder 1 (%Q0.0) and Reverse Conveyor (%Q2.0) to control the movement of the pistons and the conveyor belt motor. In addition, a Clock_1Hz was implemented by activating the System and Clock Memory bytes in the CPU configuration, obtaining automatic time pulses for flashes or timers. This is important because it improves maintainability. (Siemens, 2024)
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Functional specification of the solution
[image: ]The following are the functional requirements that a conveyor belt control system must meet. The system will be responsible for sorting products into three different sizes and placing them in the corresponding containers. The user will be able to start or stop the belt manually using the green and red switches, or via a human-machine interface (HMI). Once the system is started by the user, the sorting of items will be carried out automatically. Two optical sensors located at the start of the belt will measure the size of each item, and the user will be able to check the number of products sorted using a counter displayed on the HMI screen. (Bolton, 2021)

I have marked each element separately and installed the conveyor belt system to show what the system looks like. As you can see, the components are the start and stop buttons. Both have a green LED and a red LED at the top of each button of the same colour. Above these are the LEDs that indicate the status of the sensor and the switches for manual override. To the left of this is the Siemens HMI, then the power supply and finally the Siemens PLC (Programmable Logic Controller). The motor and conveyor belt are located at the top of the image, while the air supply is next to it. The two optical sensors, labelled one and two, come after these. Finally, these are next to the three pneumatic cylinders labelled one, two and three. (Siemens, 2022).
[image: A screenshot of a computer

AI-generated content may be incorrect.]HMI (Human Machine Interface)

The interface of the machine I created. The user can manually operate each of the corresponding cylinders using buttons C1, C2, and C3. These can be used to check the operation of the cylinders when the system is not in operation. The counters for each specific cylinder are located under the cylinder buttons. Each time the corresponding cylinder is operated, it will count up. The button to reset the counters is located in the centre. If you click this button, all counters will return to zero. At the bottom of the screen are the red stop button and the green start button. To start the conveyor belt, the start button must be pressed for three seconds. The belt will not start running if the start button is not held down for three seconds. The user only needs to press the stop button to stop the belt. It is not necessary to hold down the stop button for a certain amount of time. (Boyes, 2017).










HMI data Block 
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This HMI Data block is linked to our data blocks throughout our system, so our logic controller and our HMI are directly connected. 













Conclusion
I recognise that this project taught me a great deal, as it allowed me to understand more clearly and precisely how programmable logic controllers and industrial automation systems work, as well as the importance of planning, organisation and symbolic programming of variables to maintain an efficient and easy-to-maintain system. It was a project that not only reinforced our technical skills but also highlighted the importance of teamwork. I can honestly say that it was a project that challenged us to use our ingenuity and make logical decisions when faced with unexpected problems.
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Step by Step to in at the SIEMENS System
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2_ 
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HMI Steps
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We can find the address of the HMI
8_
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