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[bookmark: _Toc209276047]Executive Summary
This report presents the design and evaluation of a PLC-controlled material handling system modelled in FactoryIO. The system sorts four package types by weight and size, integrates safety functions, and provides operator interaction through an HMI.
The program incorporated sequential conveyor startup, emergency stop functionality, and real-time counters. Testing confirmed that all requirements were met, though improvements were identified in diagnostic features and adaptability
A short literature review examined fluid power systems as actuators, comparing their advantages and drawbacks to electrical drives. While fluid power remains important in heavy-duty applications, electrical systems often provide greater precision and efficiency (Pustavrh et al., 2023; Thomson Linear, n.d.; Festo, 2016).
The findings highlight that while the control system successfully achieved its functional goals, improvements in fault detection and efficiency could further strengthen the design. Overall, the project demonstrates the importance of robust PLC programming in delivering safe, efficient, and adaptable automation solutions.
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[bookmark: _Toc209276049]Introduction
Automation plays a critical role in modern manufacturing, where efficiency, reliability, and safety are increasingly important. Among the wide range of automation technologies, Programmable Logic Controllers (PLCs) are regarded as the backbone of industrial control due to their ability to handle complex processes, integrate with sensors and actuators, and operate reliably in demanding environments (Deshkar and Padhi, 2021).
The project presented in this report focused on designing and implementing a PLC-based control system in CODESYS for a simulated factory created in FactoryIO. The simulation required the sorting of four types of packages based on both weight and size. To achieve this, the system incorporated conveyors, pushers, and sorters, along with operator inputs via an HMI. Safety integration was a key requirement, with an emergency stop, stack lights, and an audible alarm ensuring compliance with industry standards for machinery guarding and emergency control (ControlDesign, 2022; HSE, 2024).
A critical element of the project was to ensure that conveyor startup was sequenced safely, with a two-second siren warning followed by staggered activation. This avoided excessive current draw and mechanical stress at startup. In addition, counters were required to record throughput, both for individual package types and for overall production monitoring. These features aligned with real-world manufacturing practices, where data collection and traceability are essential elements of Industry 4.0 (ISA, n.d.; Peruzzini et al., 2023).
Alongside the PLC program, this project also required a critical review of fluid power systems. Although fluid power continues to be widely used, particularly for high-force applications, industry trends increasingly favour electromechanical solutions due to their controllability and efficiency (Festo, 2016). This review provides important context for understanding how the simulated system might be designed or improved in practice.





[bookmark: _Toc209276050]Literature Review – Fluid Power in Automation
Automation systems depend on effective actuation methods to translate control signals into physical motion. Fluid power, encompassing both pneumatics and hydraulics, has been a cornerstone of industrial automation for decades. Pneumatics are widely used for material handling tasks, such as clamping, pushing, and lightweight conveying, due to their simplicity, low cost, and robustness. Hydraulics, on the other hand, are favoured where high force and durability are required, such as lifting heavy loads or operating presses (Pustavrh et al., 2023).
However, both systems present drawbacks. Pneumatics suffer from inefficiency due to air compression losses, while hydraulics are prone to leakage, noise, and higher maintenance demands. Both also lack precision when compared with electromechanical actuators, which provide improved efficiency and control (Thomson Linear, n.d.; Control.com, 2023). As a result, electromechanical systems are increasingly being adopted, especially where integration with PLCs and digital monitoring is required (Festo, 2016).
Industry 4.0 has further accelerated this shift. Electromechanical drives enable smart integration with sensors, data collection, and predictive monitoring, making them attractive in highly connected manufacturing environments. Still, fluid power remains indispensable where ruggedness and high force are essential, meaning actuation choices must always be context-dependent (Foster, 2015).
Feedback and monitoring also play a central role. Putra et al. (2023) showed how closed-loop feedback can stabilise performance in real plants, while Quintanilla et al. (2023) developed hybrid feedback-feedforward methods for process control. Szántó et al. (2025) further demonstrated that PLC state monitoring in simulation can be used to predict real-world performance. These studies support the approach used in this project, where simulation informed design choices that could transfer to physical systems.
Finally, safety and usability are essential in actuation and control. Standards emphasise integrating emergency stops, alarms, and guarding (ControlDesign, 2022; HSE, 2024), while ISA-101 highlights clear, consistent HMI design to reduce operator error (ISA, n.d.; Peruzzini et al., 2023). Together, these insights underline that automation must be not only efficient but also safe and user-centred.
Incorporating these guidelines ensures that automation systems are not only functional but also user-friendly and safe.
This suggests a clear trend: while fluid power continues to serve vital functions, electromechanical solutions are becoming increasingly dominant due to their precision and integration capabilities. At the same time, safety and usability remain non-negotiable aspects of design, with standards providing essential guidance for best practice. This dual focus on technology choice and system safety provides the foundation for evaluating the PLC-controlled material handling system developed in this project.
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[bookmark: _Toc209276052]Control Requirements and System Specification
The system was required to sort four package types based on size and weight, using conveyors, sensors, and actuators. Safety features were embedded from the start, reflecting industrial standards for guarding and emergency measures (HSE, 2024).
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[bookmark: _Toc209275788]Figure 1 - operational flow chart for package detection, classification, and sorting in factoryio.
A key specification was the controlled startup of conveyors. A two-second warning siren was followed by a half-second delay between each motor, preventing simultaneous activation that could cause electrical or mechanical stress (ControlDesign, 2022).
Operator interaction was provided through an HMI, with buttons for start, stop, counter reset, and emergency stop. Real-time counters displayed both total and per-type throughput. Stack lights and an alarm completed the design, ensuring clear feedback on system status.


[bookmark: _Toc209276053]PLC Program Development and Documentation
The program was built in CODESYS with global variables representing sensors, actuators, and HMI inputs. This mapping ensured transparency and supported debugging.
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[bookmark: _Toc209275789]Figure 2 - Extract of global variable declarations for inputs, outputs, and counters.
Timers were used to implement the required startup sequence, ensuring conveyors engaged at staggered intervals to avoid excessive current draw and mechanical stress. As shown in Figure 3, each TON block introduces a defined delay before energising its corresponding conveyor output. This approach provided a simple but effective solution to safe and controlled system startup. Edge triggers (RTRIG) ensured packages were only counted once and count-up blocks (CTU) incremented both total and per-type counters, which could be cleared via ResetCountersHMI.
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[bookmark: _Toc209275790]Figure 3 - Timers, triggers, and counters used for sequencing and throughput monitoring.
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[bookmark: _Toc209275791]Figure 4 - Ladder logic showing timers (TON) used to stagger conveyor startup.
HMI variables (StartButtonHMI, StopButtonHMI, EStopHMI) provided operator control. The interface followed ISA-101 guidelines, prioritising clarity and consistency (ISA, n.d.). Together, these design choices balanced functionality, usability, and safety.
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[bookmark: _Toc209275792]Figure 5 - HMI-linked variables providing operator control.

[bookmark: _Toc209276054]Verification and Testing
Simulation in FactoryIO confirmed that the system behaved as specified. During normal operation, the siren preceded conveyor startup, packages were classified correctly, and actuators sorted them to the correct exit.
Safety testing showed that activating the emergency stop immediately halted conveyors and triggered alarms and stack lights, consistent with industry standards (ControlDesign, 2022; HSE, 2024)
Counters operated reliably, with rising-edge detection preventing double counts. The reset function worked correctly, enabling new batches to be tracked. These results demonstrated that the program met operational and safety requirements.

[bookmark: _Toc209276055]Evaluation of Control Logic
The program demonstrated several strengths. Timer-based sequencing prevented current surges and stress at startup, counters and triggers provided reliable monitoring, and HMI integration gave operators intuitive control (ISA, n.d.; Peruzzini et al., 2023). Safety features were robust, ensuring immediate halting during emergencies with clear alarms and stack lights.
Feedback mechanisms were central. Sensor inputs drove outputs directly, embodying closed-loop principles. Similar feedback designs have been applied successfully in industrial contexts (Putra et al., 2023; Quintanilla et al., 2023).
The design also showed how feedback can be applied in practice. Sensor inputs supplied real-time data that guided system outputs, such as stopping conveyors during an emergency or incrementing counters when packages were detected. Timers introduced stability by managing startup delays, while counters ensured throughput was monitored continuously. Although detailed frequency-domain analysis was beyond the project’s scope, the system successfully applied time-based feedback principles to meet the control specification.
Limitations were also identified. The startup sequence relied solely on fixed timers, which ensured safe delays in simulation but may not adapt well to real-world conditions. In practice, sequencing would typically use feedback signals — for example, confirming that one conveyor is running before the next engages — to improve reliability. The rest of the process, such as package detection and sorting, was driven by sensor inputs and therefore more robust. The program also lacked diagnostic routines for faults such as jams or miscounts, limiting resilience. More advanced solutions, including machine vision or predictive fault detection, could improve accuracy and robustness (Control.com, 2023).
Finally, the choice of actuation technologies was also important. In the simulation environment, all actuators behaved as simple ON/OFF devices controlled by Boolean outputs, effectively modelling idealised electric drives. In real factories, however, pneumatic cylinders are often used for pushers and diverters due to their low cost and reliability, while conveyors are typically driven by electric motors (Festo, 2016). Fluid power systems remain useful for high-force and repetitive tasks, while electric solutions provide greater precision and digital integration. This underlines the need to consider operational context when deciding on actuation methods.
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The PLC-controlled material handling system in FactoryIO demonstrated the practical application of automation principles. The project achieved its objectives: sorting four package types, sequencing conveyors to prevent stress, integrating operator controls via HMI, and ensuring safety through emergency stops, stack lights, and alarms. These functions were implemented using timers, counters, and edge triggers, highlighting the value of structured programming for real-time control.
Feedback from sensors played a crucial role in shaping system behaviour. Package detection directly influenced sorting and counting, while emergency stop inputs overrode all other logic to halt the system safely. Timers provided a stable sequence during startup, preventing current surges and mechanical strain. The design therefore provided not only functional automation but also alignment with industry standards for safety and operator interaction (ISA, n.d.; HSE, 2024).
The literature review highlighted the importance of actuator selection, showing that, while the simulation assumed electric actuators for all devices, in practice a mixed approach would be more realistic: conveyors would remain electrically driven, whereas pushers or sorters might use pneumatic cylinders for simplicity and robustness. Pneumatic systems could realistically replace pushers in a physical system, offering robustness and force at low cost, while electric drives are better suited to tasks requiring precision and integration with digital systems (Pustavrh et al., 2023; Festo, 2016). Evaluating these trade-offs showed how different technologies can be applied according to need.
Some limitations were also evident. The conveyor startup sequence was based entirely on timers, which was sufficient in simulation but may not be flexible enough in a real factory. Using sensor-based feedback to confirm each conveyor’s status before the next starts would make the system more adaptive and reliable. By contrast, the sorting and counting functions already used sensors effectively, showing that feedback mechanisms can be integrated successfully. The absence of diagnostic features for miscounts or jams also restricted resilience. Future designs could incorporate vision systems, predictive maintenance, or redundant sensing to enhance performance (HSE, 2024).
In conclusion, the project delivered a functional and safe control system while also reflecting on technology choices, system limitations, and opportunities for improvement. It demonstrated how PLC programming can underpin effective automation while encouraging critical thinking about how such systems can evolve in industrial practice.
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