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[bookmark: _Toc221790945]Abstract
This project report presents the design, implementation, and testing of a PLC controlled conveyor sorting system for cylindrical aerospace components. The system automatically detects and classifies objects based on the time taken to pass between two optical sensors, allowing components to be sorted into small, medium, and large bins using pneumatic actuators. A Siemens S7-1200 PLC programmed in TIA (V17) Portal using ladder logic was used to implement the control system, with timers, counters, and data blocks managing system sequencing and data handling. Operator interaction is provided through physical controls and a Siemens HMI, allowing start/stop control, part counting, system monitoring, and manual override control. Testing confirmed reliable operation following calibration of timing thresholds, with all functional requirements successfully met. Overall, the project demonstrates practical application of PLC programming and industrial automation principles.

[bookmark: _Toc221790946]Introduction
In this assignment, I have designed, implemented, and tested a PLC-controlled conveyor sorting system for aerospace components. The purpose of the system is to automatically detect, classify, and sort components of different sizes into three separate bins using laser/optical sensors, pneumatic actuators, and PLC-based control logic. This reflects a typical conveyor-based material handling systems used in manufacturing (Mohamad et al., 2018), (Deka et al., 2024).  A conveyor system implemented for aerospace component sorting requires high accuracy due to strict quality control and safety requirements in aerospace manufacturing (Deltek, 2026).

The conveyor operates by measuring the time taken for each object to pass between two separate sensors, allowing the PLC to determine the size of each component. Based on this measurement, the appropriate pneumatic cylinder is activated to push the cylinder block into the correct bin. The system also includes start and stop controls, visual status indicators, idle timeout functionality, and part counting to reflect typical industrial conveyor applications.

The control system has been implemented using a Siemens S7-1200 PLC programmed in TIA (V17) Portal using ladder logic. This is good practice because PLCs are used widely in industry to automate mechanical and electrical processes (Pawar and Bhasme, 2016). Timers, counters, and data blocks are used to manage system sequencing, timing measurements, and operator interaction via a Siemens HMI. This report presents the system specification, design and implementation of the PLC program, testing of system functionality, and an evaluation of performance against the original requirements.

[bookmark: _Toc221790947]System Specifications
[bookmark: _Toc221790948]Functional Specification
The conveyor sorting system is designed to provide automated sorting of cylindrical aerospace components based on size, while allowing clear and simple interaction from an operator’s perspective. The system allows the operator to start and stop the conveyor using physical pushbuttons or the HMI, with system status clearly indicated through visual indicators (green and red lamps).

To start the system, the operator must press and hold the green start button for 3 seconds. During this time, the green indicator lamp will flash to confirm the start-up sequence is active. Once the start-up delay has elapsed, the conveyor begins running and the green lamp remains continuously illuminated. The operator can stop the system at any time using the red stop button, which immediately halts the conveyor and illuminates the red indicator lamp.

As components travel along the conveyor, the system automatically detects each object and determines its size by measuring the time taken to pass between sensors. Based on the object’s time taken between the two sensors, the system will sort each component into either a small, medium, or large sorting bin. The sorting process is fully automatic and requires no operator intervention during normal operation.

The system maintains individual counters for each size category, allowing the operator to monitor production output in real time via the HMI. These counters can be reset through the HMI when required. If no components are detected for a continuous period of 30 seconds, the system automatically stops the conveyor to reduce unnecessary operation and improve safety and efficiency.

[bookmark: _Toc221790949]Technical Specification
The control system is implemented using a Siemens S7-1200 PLC programmed in TIA (V17) Portal (Siemens, 2021). Ladder Logic is used as the programming language due to its suitability for industrial control applications and clear representation of logic flow. The PLC executes the main control logic within the OB1 program block.

Digital inputs are used to interface with physical pushbuttons, optical sensors, and HMI commands. Digital outputs control the conveyor motor, indicator lamps, and pneumatic solenoid valves used to actuate the sorting cylinders. Two laser/optical sensors are positioned along the conveyor to allow time-based measurement of each object’s length, which forms the basis of the size classification algorithm.

The software architecture uses timers to manage the start-up delay, object detection timing, pneumatic actuation duration, and idle timeout functionality. Counters are used to track the number of components sorted into each bin. Data blocks are used to store timing values, counter limits, and system state information, allowing structured data handling and ease of modification (Salama, 2023), (Siemens AG, 2016).

A Siemens touch-screen HMI is integrated with the PLC to provide operator control monitoring of the system. The HMI communicates directly with PLC tags to enable start and stop control, counter reset functionality, and real-time display of system status. The system does not rely on external networks or databases and operates as a self-contained PLC-controlled automation system.















[bookmark: _Toc221790950]Design and Implementation
DesignPneumatic Cylinders (pistons) 3       2       1

Pneumatic Air Supply
Sensor 2
Sensor 1


[image: A machine with buttons and wires

Description automatically generated]Manual Cylinder Control
Motor
Sorting Bins
PLC
Conveyor Belt
Sensor Status Indicator
Power Supply
HMI
Start Button
Stop Button


[bookmark: _Toc221791136]Figure 1 - Operating System
The aim of this project is to design a conveyor belt system that is controlled by a Programmable Logic Controller (PLC). The PLC will be coded so that each piston will sort a certain sized block (small, medium, or large) into certain bins. Two optical sensors will be placed at the start of the conveyor belt which will measure the time it takes for the block to pass sensor one and sensor two. Time indicators will be set in the code so that once the block passes both sensors, the PLC will determine the block size on the conveyor belt, allowing it to activate the correct piston, separating the different sized objects into the correct sorting bins. Below is a flowchart that demonstrates how the system works.
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[bookmark: _Toc221791137]Figure 2 - Flowchart of System Overview
Figure 2 shows the overall conveyor sorting system, including the start-up sequence, object detection and timing, size classification, sorting logic, and idle timeout behaviour.
[bookmark: _Toc221790952]Implementation
I implemented the system using a Siemens S7-1200 PLC programmed in TIA V17 Portal. For the full PLC connection setup process screenshots, please refer to Appendix E. Ladder logic was selected due to its widespread industrial use and clear representation of control logic (Yan and Zhang, 2010) (Fehr, 2019). I have made sure to give descriptive tag names, so that when they are used throughout the code, they clearly identify inputs, outputs, timers, counters, and system states. All tag lists can be found in Appendix B. The main part of my system is executed within the OB1 block, which is structured into clearly defined networks corresponding to each functional requirement of the system. Each network can be seen in Appendix A. This includes Conveyor Initialisation, Conveyor Start Up, Reading Time and Laser Scan, Large Object, Medium Object, Small Object, and Idle Timeout.

A three-second press-and-hold start sequence is implemented using an on-delay timer to prevent unintended start-up. Whilst the button is being pressed, the green indicator lamp will flash, providing feedback to the operator. Once the timer has elapsed, the conveyor motor is initialised, and the system enters the run state. The red stop button has priority at all times and will immediately stop the conveyor when pressed.

Object detection is achieved using two optical sensors positioned at the start of the conveyor. When an object is detected at the first sensor, the current system time is recorded, and then a second timestamp is taken when the object reaches the second sensor. The time difference between these two events is calculated and used to determine the object size (Viral Nagda, 2024). Predefined timing ranges stored in a data block are used to classify objects as small, medium, or large. Each size category has its own logic network which activates the corresponding pneumatic cylinder using a pulse timer. Logic conditions ensure that only one cylinder is activated per object. IEC counters are used to record the number of objects sorted into each bin, with values stored in a data block and displayed on the HMI. Counters can be reset by the operator via the HMI.

An idle timeout function is implemented using a 30 second on-delay timer. If no objects are detected within this period, the conveyor automatically stops to reduce unnecessary operation. The Siemens HMI is integrated using shared PLC tags and provides the operator with control and monitoring of the conveyor sorting system, allowing the system to be started and stopped, counters to be reset, and the number of small, medium, and large objects to be viewed in real time. It also displays system status information and the current date and time for operator reference. The HMI screens used for start/stop control, counter display, and reset are shown below.
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[bookmark: _Toc221791138]Figure 3 - HMI Interface (System On)
This image shows the HMI interface when the conveyor system is running.
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[bookmark: _Toc221791139]Figure 4 - HMI Interface (System Off)
This image shows the HMI interface when the conveyor system is off / in idle state.
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[bookmark: _Toc221791140]Figure 5 - HMI Interface (System Reset)
This image shows the HMI interface when the conveyor system is being reset.

The design of the HMI interface is purposely designed to be simple and clear to understand to increase its usability. A straightforward HMI interface is vital for real world implementation so that it provides ease of use to the operator (Hossain and Zaman, 2012).

[bookmark: _Toc221790953]Testing and Results
Testing of the conveyor sorting system was carried out by uploading my code to the physical conveyor belt system to verify that all functional and safety requirements were met. Testing was carried out in a step-by-step manner to make sure all parts of the system worked correctly. I began with basic start and stop functionality before progressing to object detection, sorting accuracy, counting, and idle timeout behaviour.

The start-up sequence was tested by pressing and holding the green start button. The system didn’t start immediately, with the green indicator lamp flashing for 3 seconds before being continuously illuminated after the delay had passed, in turn, starting the conveyor belt system. Pressing the red stop button at any time immediately stopped the conveyor and activated the red indicator lamp, confirming correct priority handling of stop commands.

Sensor testing was then carried out by placing objects of different sizes at the start of the conveyor belt to confirm if both optical sensors detected objects reliably, with corresponding PLC inputs. Timing values changed consistently depending on object length, demonstrating correct operation of the time-based size detection method. With the sensors confirmed to be working, testing of the small, medium, and large objects were carried out individually and in sequence. 

Upon initial testing, it was clear to see that my timing values were incorrect due to my objects not being sorted correctly. The small block was being detected as medium, medium detected as large, and the large block wasn’t being categorised at all. However, after some very simple time changes, each object was consistently being diverted into the correct bin by the corresponding pneumatic cylinder. There were now no incorrect cylinder activations, and logic conditions successfully prevented multiple actuations for a single object. Counters for each size category following each successful sorting operation were accurately displayed on the HMI. Counter reset functionality was then tested and confirmed to return all values to zero without affecting system operation.

The system’s idle timeout functionality was tested by allowing the conveyor to run with no objects present. After approximately 30 seconds of inactivity, the conveyor automatically stopped and returned to a safe state. Overall, the system test showed that there was one slight timing error, but after slight adjustment the whole system met all functional requirements and operated reliably under normal conditions. For annotated visuals of the system in operation, please refer to Appendix C.

[bookmark: _Toc221790954]Impact Assessment
There is no real impact for this assessment because all the work is carried out in college hours, however as students we have gained valuable skills and knowledge that we can eventually take into a future workplace. An example of this is shown by a job description of an RME Mechatronics engineer for Amazon in Appendix D.

[bookmark: _Toc221790955]Conclusion
In this assignment, I successfully designed, implemented, and tested a PLC controlled conveyor sorting system for aerospace components. The system met the original functional requirements by automatically detecting, classifying, and sorting objects into small, medium, and large bins using time based sensor measurements linked to pneumatic piston actuation. The inclusion of a delayed start up, stop priority, part counting, and idle timeout functionality ensured that the system operated safely and efficiently, reflecting typical industrial conveyor applications.

The use of a Siemens S7-1200 PLC programmed in TIA (V17) Portal enabled the control logic to be structured clearly into separate networks so it can be clearly understood. By dividing the program into clearly defined networks within the OB1 block and using data blocks to store timing values and counters, the system logic remained organised. Integration of a Siemens HMI provided effective operator control and real-time monitoring of system status and production output.

Testing confirmed that the system operated reliably under normal conditions. Initial timing inaccuracies during object classification were identified and corrected through adjustment of timing thresholds, demonstrating the importance of calibration during setup. Following these adjustments, objects were consistently sorted into the correct bins, counters functioned correctly, and the idle timeout reliably stopped the conveyor after periods of inactivity.

Overall, the project demonstrates a practical understanding of PLC programming, sensor-based detection, and interactive interfaces (HMI). The system could be further improved through additional fault diagnostics, alarm handling, or expansion to support a wider range of object sizes, however, in its current form it provides an effective automated sorting solution that meets all requirements.
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[bookmark: _Toc221790958]Appendix A – System Networks
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[bookmark: _Toc221791141]Figure 6 - OB1 Network 1
Network 1 controls the conveyor start-up sequence. When the green start button is pressed and held, a 3 second delay timer begins, preventing the conveyor from starting immediately, ensuring safe system start up.
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[bookmark: _Toc221791142]Figure 7 - OB1 Network 2
Network 2 controls the green indicator lamp during system start-up. The lamp flashes while the start button is held and remains continuously illuminated once the conveyor is running.

[image: A screenshot of a computer

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Toc221791143]Figure 8 - OB1 Network 3
Network 3 handles object detection and timing measurement using the two optical sensors. The system records timestamps when Sensor 1 and Sensor 2 are activated and calculates the time difference between them, which is used for size classification.
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[bookmark: _Toc221791144]Figure 9 - OB1 Network 4
Network 4 checks whether the measured time gap falls within the range of the large object. If so, cylinder C is activated using a pulse timer, and the large object counter is pushed into its separation bin.
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[bookmark: _Toc221791145]Figure 10 - OB1 Network 5
Network 5 compares the measured time gap against the medium object timing range. When detected, cylinder B is activated, and the medium object counter is pushed into the medium object bin.
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[bookmark: _Toc221791146]Figure 11 - OB1 Network 6
Network 6 compares the measured time gap against the small object timing range. When detected, cylinder A is activated, and the small object counter is pushed into the small object bin.
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[bookmark: _Toc221791147]Figure 12 - OB1 Network 7
Network 7 is the system idle timeout, which implements the automatic stop function. If no objects are detected for 30 seconds, the conveyor motor is stopped, and the system returns to a safe idle state.
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[bookmark: _Toc221791148]Figure 13 - Time Stamp Network
This network is activated on startup of my PLC system. It continuously writes the PLC systems time into the data block using the WR_SYS_T instruction. The stored time values are later used to calculate the time difference between sensor detections for object size classification. This is a vital network for my conveyor system, because without it the system wouldn’t be able to tell the difference between each size block.

[bookmark: _Toc221790959]Appendix B – System Tags
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[bookmark: _Toc221791149]Figure 14 - PLC Tags (Input / Output)
This table shows the PLC tag definitions used to link the ladder logic program to the physical inputs and outputs of the conveyor system. These tags represent hardware components such as pushbuttons, optical sensors, indicator lamps, pneumatic cylinders, and the conveyor motor. By assigning readable tag names to memory addresses, the control program becomes easier to understand, maintain, and troubleshoot.
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[bookmark: _Toc221791150]Figure 15 – HMI Tags
This table shows the HMI tag configuration used to connect the operator interface to PLC variables. These tags allow the HMI to display system status information, object counters, and timing values, as well as send control commands such as start, stop, and reset to the PLC. The HMI tags provide the communication link between the PLC control logic and the user interface.
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[bookmark: _Toc221791151]Figure 16 - System time instruction used for timing measurement
This table shows the data block used to store system timing values and object counters. The data block is used by the PLC program to record timestamps from Sensor 1 and Sensor 2, calculate the time difference between detections, and store the number of small, medium, and large objects sorted. Centralising these variables in a data block ensures consistent data handling throughout the program.
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[bookmark: _Toc221791152]Figure 17 - Conveyor in idle state
This image shows the system in its idle/off state. The red indicator lamp is illuminated, and the conveyor and all components are stationary. Manual cylinder control switches are also visible on the control panel, allowing individual pneumatic actuators to be operated independently for testing and maintenance purposes.
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[bookmark: _Toc221791153]Figure 18 - Sensor 1 and Sensor 2 detection
This image shows an object moving along the conveyor passing Sensor 1 and approaching Sensor 2. When the object passes Sensor 2, the PLC records the second timestamp and calculates the time difference used for size classification.
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[bookmark: _Toc221791154]Figure 19 - Small object being diverted into the sorting bin
This image shows a small object being correctly identified by the system. Pneumatic cylinder A is activated to push the object into the small object sorting bin.
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[bookmark: _Toc221791155]Figure 20 - Industry Impact (Job Role)
This Job description shows that the work we are currently carrying out might not have any real industry impact, however it proves that the knowledge and skills gained during this time can be taken into the industry.

[bookmark: _Toc221790962]Appendix E – PLC Setup
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[bookmark: _Toc221791156]Figure 21 – PLC Setup (Finding Correct PLC)
This image shows the process of identifying the correct PLC device within TIA Portal before establishing communication.
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[bookmark: _Toc221791157]Figure 22 - PLC Setup (Selecting Correct Interface)
This image shows the selection of the communication interface used to connect the programming computer to the PLC.
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[bookmark: _Toc221791158]Figure 23 - PLC Setup (Selecting Correct PC Interface)
This image shows the configuration of the PC network interface required for PLC communication.
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[bookmark: _Toc221791159]Figure 24 - PLC Setup (Start PLC Search)
This image shows the PLC search function being used to detect available PLC devices on the network.
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[bookmark: _Toc221791160]Figure 25 - PLC Setup (Testing PLC Connection)
This image shows the connection test used to confirm communication between the PC and the PLC.

[image: A computer screen shot of a computer

Description automatically generated]
[bookmark: _Toc221791161]Figure 26 - PLC Setup (Assigning PLC an IP Address)
This image shows the configuration of the PLC IP address to enable network communication.
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[bookmark: _Toc221791162]Figure 27 - PLC Setup (PLC Connection Confirmation)
This image shows confirmation that the PLC has been successfully connected within TIA Portal.
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[bookmark: _Toc221791163]Figure 28 - PLC Setup (Additional Confirmation)
This image shows additional verification that communication between the PLC and programming has been established.
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[bookmark: _Toc221791164]Figure 29 - PLC Setup (How to begin new line of code)
This image shows how a new network or line of ladder logic can be inserted within the OB1 program block.
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[bookmark: _Toc221791165]Figure 30 - PLC Setup (How to start new data block tag list)
This image shows the creation of a new data block used to store system variables.
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[bookmark: _Toc221791166]Figure 31 - PLC Setup (How to see all tags)
This image shows how PLC tags can be viewed and managed within the project tag table.
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