

Abstract
This project encompasses the design and implementation of a factory system, for sorting packages based on size and weight, utilizing Factory I/O simulation software. Task 1 involves conducting a literature review of several Programmable Logic Controllers (PLCs) commonly used in industry, followed by the creation of a table outlining the pros and cons of each PLC. Task 2 entails utilizing Factory I/O components to design a factory process capable of sorting a variety of package sizes and weights, including a minimum of 4 different types. Task 3 involves writing a ladder logic program to control the factory process, ensuring efficient and accurate sorting operations. Task 4 focuses on incorporating a Human-Machine Interface (HMI) device into the factory system and programming it to facilitate operator interaction, and system monitoring. Finally, Task 5 requires the submission of a formal report detailing tasks 1 through 4, including the literature review, factory design, ladder logic program, HMI integration, and any associated operational strategies and considerations. 
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[bookmark: _Toc165765829]Introduction
In today's industrial landscape, Programmable Logic Controllers (PLCs) serve as the backbone of automation systems, providing control and monitoring capabilities across a wide range of industries. Task 1 of this report, focuses on conducting a brief literature review of several PLCs currently employed in industry, followed by the creation of a table outlining the pros and cons of each PLC model. This review aims to provide insights into the diverse range of PLC options available to engineers and decision-makers, aiding in the selection process for specific industrial applications. By examining the features, capabilities, and performance of various PLCs, we can better understand their suitability for different automation tasks and environments.
[bookmark: _Toc165765830]Task 1
PLCs  come in various types, each designed for specific applications and environments. The report will now mention common types of PLCs used in industry. Firstly, compact PLCs [1], which are small in size and are suitable for applications with limited space, or where only a few I/O points are needed. Another type of PLC is the Modular PLCs [2], which consist of separate modules for the CPU, I/O ports and other functions. By having this modular design it allows for flexibility in system configuration and expansion, making them ideal for larger and more complex automation systems. 
Moving onto Rack-Mount PLCs [3], these are designed to be mounted in standard equipment racks, providing easy integration into existing control cabinets or enclosures. They offer flexibility in system layout and are commonly used in industrial settings. Safety PLCs also exist, these are specifically designed to meet stringent safety requirements, such as those outlined in safety standards like IEC 61508 and ISO 13849. They feature built-in safety functions and fail-safe mechanisms to ensure the safety of operators and equipment.
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Safety PLC [8]

Another interesting and useful type of PLCs are the Programmable Automation Controllers (PACs), these combine the functionality of PLCs with that of industrial PCs, offering advanced computing capabilities and a wider range of programming options. They are suitable for applications requiring complex control algorithms or integration with other systems. Embedded PLCs are compact devices designed for integration into other equipment or machinery. They often feature strong and rigid construction, and are suitable for harsh environments or applications with space constraints.
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Distributed PLCs [9]


Distributed PLCs consist of multiple controllers distributed throughout a system, connected via a network. This decentralized architecture allows for faster communication and greater flexibility in system design. Soft PLCs are software-based PLCs that run on standard industrial PCs or embedded systems. They offer flexibility in programming and can be easily customized to meet specific application requirements. Finally, Hybrid PLCs combine the features of traditional PLCs with those of other control devices, such as motion controllers or servo drives. They are suitable for applications requiring precise motion control or coordination of multiple axes.
Next part of the report looks into four specific brands of PLCs each with their pros, cons and limitations. 
	PLC Brand/Model
	Pros
	Cons

	Allen-Bradley [1]
	· Reliability and durability
· Versatility and scalability
· Extensive support network
	· Higher initial cost compared to some competitors 
· Limited compatibility with third party hardware/software

	Siemens SIMATIC S7 [2]
	· High performance and scalability 
· Advanced features and diagnostics 
· Seamless integration with Siemens ecosystem
	· Steeper learning curve for programming and configuration 
· Higher upfront investment

	Schneider Modicon [3]
	· Ruggedness and flexibility
· Integration with Schneider Electric ecosystem 
· Built-in cybersecurity features
	· Higher initial cost compared to some alternatives 
· Limited compatibility with non-Schneider hardware

	Omron CP1E [4]
	· Compact size and affordability 
· Ease of use and setup 
· Built-in analog I/O and communication capabilities
	· Limited scalability for larger automation projects 
· Less extensive support network compared to larger brands



Allen-Bradley PLCs are widely recognized for their reliability, versatility, and extensive support network. They offer a range of models catering to different application requirements, from small-scale automation to large-scale industrial processes. Allen-Bradley PLCs are known for their robust hardware, user-friendly programming software (RSLogix/Studio 5000), and compatibility with various communication protocols.
Siemens SIMATIC S7 PLCs are renowned for their high performance, scalability, and advanced features. They are widely used in diverse industrial sectors due to their flexibility and reliability. Siemens PLCs excel in complex automation tasks and offer seamless integration with Siemens' ecosystem of industrial solutions. Their programming software, TIA Portal, provides comprehensive tools for programming, simulation, and diagnostics.
Schneider Electric Modicon PLCs are favoured for their ruggedness, flexibility, and compatibility with Schneider Electric's automation ecosystem. The Modicon series offers a range of controllers suitable for various applications, from compact controllers to modular systems. Schneider PLCs feature intuitive programming software (Unity Pro), built-in cybersecurity measures, and support for remote monitoring and diagnostics.
Omron CP1E PLCs are known for their compact size, affordability, and ease of use. They are suitable for small to medium-scale automation projects in industries such as manufacturing, packaging, and automotive. Omron PLCs offer built-in analog I/O, communication capabilities, and user-friendly programming software (CX-Programmer). They provide reliable performance and are backed by Omron's reputation for quality and support.

[bookmark: _Toc165765831]Operational Flow Chart for sorting of the Boxes
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The operational flow chart for the Factory within Factory IO responsible for sorting various sized boxes and palletizing begins with the activation of all conveyors. Upon detecting a large box, the system activates the large box pusher, followed by the turn table, and then delivers the large box. If no large box is detected, the system checks for small and medium boxes, activating the appropriate pusher to move them on track to the weight scale conveyor for sorting. Small boxes (weighing less) are directed one way on the pop-up wheel sorter, while medium boxes (weighing more) are directed towards the grabber arm, which then directs them for delivery. Palletizing boxes bypass the sorting process and proceed along the main conveyor to be delivered at the end. This operational flow ensures efficient sorting and handling of four different types of boxes within the Factory.
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Implementing an effective alarm and warning strategy is crucial for maintaining the efficiency and safety of a factory environment. Within the factory, a comprehensive system of warnings and alarms has been developed to address various potential issues. Firstly, there is a warning system that alerts if a box or boxes haven't been delivered as expected. This is achieved by comparing the number of boxes delivered to the number of boxes placed on the conveyor once the conveyors have been turned off. Any discrepancy indicates a missing box, triggering the warning.
Secondly, a sensor at the back of the conveyor has been installed to detect if a box has fallen off. This ensures prompt action can be taken to prevent disruptions to the production process and avoid the issue going unnoticed.
Thirdly, an adjustable "large box pick up limit reached" warning has been implemented, which allows users to set a threshold value through the Human Machine Interface (HMI). This provides flexibility in managing the handling of large boxes and prevents overloading or inefficiencies in the system.
Additionally, there are warnings put in place for medium and small boxes, triggered when a certain number of boxes are ready for pickup. Sensors at the drop-off points ensure accurate detection of delivered boxes, and once the predetermined threshold is exceeded, the warning lights activate, prompting timely retrieval.
Finally, for palletizing boxes, a similar warning system in place, activating when five or more boxes are ready for pickup. This ensures smooth coordination of palletizing operations and prevents any delays in handling these specific types of boxes.
In addition to the warning system, a robust alarm strategy has been implemented within the factory to ensure swift responses to critical situations. Firstly, an emergency stop mechanism has been installed, designed to halt all conveyors and activate emergency lights throughout the facility in the event of an urgent situation. This ensures immediate cessation of operations to mitigate risks and prioritize safety.
Furthermore, alarms have been incorporated to address potential overflow scenarios for large, medium, small, and palletizing boxes. These alarms are triggered when the number of boxes exceeds predefined limits, signalling overcrowding or potential logistical issues. When any of these alarms are activated, it triggers the master alarm, alerting personnel to the specific area requiring attention or intervention.
It's important to note that when the emergency stop is engaged, it remains active until the engineer's button is pressed. This deliberate design ensures that the system cannot be restarted without the explicit involvement of an engineer, emphasizing safety protocols and preventing unauthorized reactivation. This measure underscores the commitment to prioritizing the well-being of the workforce and the integrity of the operations, requiring the expertise of qualified personnel to verify and restore safe conditions before resuming normal activities.


In summary, the array of warnings and alarms installed within the factory represents a comprehensive approach to safety, efficiency, and operational management. From alerts for missing or fallen boxes to sophisticated mechanisms for managing box capacity and emergency stop functionalities, each component serves a vital role in safeguarding both personnel and processes. These systems enable swift responses to potential hazards or emergencies and contribute to the optimization of production flows and the prevention of costly disruptions.
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In this section, visual insights are provided into the operational layout of the factory within Factory IO, showcasing the intricate network of conveyors, pushers, sensors, and other critical components that form the backbone of the production processes. These screenshots offer a comprehensive overview of the manufacturing environment, highlighting the strategic placement and functionality of each element to ensure seamless workflow and optimal efficiency.
[image: ]Figure 1 Full Factory











Figure 1 depicts an aerial view of the entire factory setup, capturing the integration of various conveyors, pushers, and other equipment essential for sorting and handling boxes of different sizes. Figure 1 showcases, not only the functional layout of the factory, but also emphasizes the commitment to safety. Multiple safety railings and fences are strategically placed throughout the facility to serve dual purposes. Firstly, they act as protective barriers to prevent boxes from falling off the conveyor systems, ensuring the integrity of the production processes. Secondly, these safety measures prioritize the well-being of the workers by providing physical barriers between them and the numerous moving parts within the factory environment.
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Figure 2 Emitter / Warning Sensor / Total box count


Figure 2 provides a detailed depiction of the initial stage of the factory's operation, focusing on key components essential for the seamless initiation of the production process. The emitter, serves as the point of origin for large, medium, small, and palletizing boxes, effectively introducing them onto the conveyor system. In addition to the emitter, there is a warning sensor, diligently monitoring the start of the conveyor to detect any instances of boxes falling off. The diffuse sensor visible in Figure 2 is responsible for tracking the number of boxes entered conveyor contributing crucial data for the accurate management of box flow throughout the system. 
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Figure 3 highlights the functionality of the 'large box' pusher within the factory setup. This mechanism is specifically designed to push large boxes onto a separate conveyor, effectively segregating them from boxes of other sizes. Positioned strategically, a diffuse sensor is installed at a higher elevation, ensuring it exclusively detects large boxes while avoiding interference from smaller ones. This precise configuration ensures seamless sorting and handling of large boxes within the factory.
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Figure 4 HMI Control Panel with Stack Lights and Buzzer


Figure 4 offers a detailed view of the Human Machine Interface (HMI) control panel situated within the factory. This control panel serves as the central hub for overseeing and managing the operation of the production processes. It prominently features essential control buttons, including start, stop, and emergency stop, enabling operators to initiate, halt, or intervene in the workflow as needed. Additionally, stack lights integrated into the control panel provide visual indicators, signalling the status of the conveyors, whether they are active, inactive, or in emergency stop mode. Furthermore, a buzzer is incorporated into the control panel, emitting audible warnings when the conveyors are activated, alerting personnel to the presence of moving parts and ensuring heightened awareness for safety purposes.
[image: ]Figure 5 Spinning table for Large Box delivery










Figure 5 introduces an additional feature within the factory setup: the spinning table. This component enhances the functionality of the production line by facilitating efficient box handling. Once a box is placed onto the spinning table, it rotates 90 degrees, enabling proper alignment for delivery. Subsequently, the box is conveyed to its destination before the spinning table rotates back to its original position, ready for the next box.
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Figure 6 Medium & Small Box Pusher / Weight Scales Conveyor / Pop-Up Wheel Sorter


Figure 6 highlights the medium and small box pusher mechanism, a critical component in our factory's sorting process. This mechanism efficiently separates small and medium boxes from palletizing boxes, ensuring streamlined workflow. The diffuse sensor's height plays a pivotal role in this operation, accurately detecting and distinguishing between box sizes. Once sorted, the small and medium boxes proceed to the conveyor weight scale, where their weight is measured. This weight determination classifies the boxes as either small or medium. Subsequently, the pop-up wheel sorter directs each box towards its designated direction based on its weight, facilitating precise sorting and routing within the production line.
[image: ]Figure 7 Stack light for weight scales








Figure 7 provides a detailed view of the stack light dedicated to the weight scales within the factory setup. Red light will show as the box arrives onto the conveyor, the yellow light will show once the conveyor has stopped to take the weight reading and finally the green light will show once the weight has been taken.
[image: ]Figure 8 Small Box being Delivered











Figure 8 captures a pivotal moment in the production process, depicting the delivery of a small box. As the small box approaches its designated destination, it is poised to activate the "small box delivered" diffuse sensor. This sensor plays a critical role in the workflow by accurately counting the number of small boxes that have been successfully delivered.
[image: ]Figure 9 Grabber Arm for Medium Boxes










Figure 9 offers insight into the functionality of the grabber arm designed specifically for medium-sized boxes within the factory. This component serves a vital role in facilitating the transfer of medium boxes from one conveyor to another. Once the grabber arm is activated, it securely grasps the medium box and seamlessly transfers it to the designated conveyor, where it will then be delivered.
[image: ]Figure 10 Medium Box Delivered Count









Figure 10 provides a comprehensive view of the medium box delivery area within the factory, showcasing both the designated delivery zone and the diffuse sensor responsible for tracking "medium boxes delivered." This area serves as the endpoint of the production line for medium-sized boxes, where they are efficiently offloaded and prepared for further processing or distribution. The diffuse sensor plays a crucial role in inventory management by accurately tallying the number of medium boxes delivered, ensuring precise tracking and control over stock levels.
[image: ]Figure 11 Palletizing Box delivered Count









Figure 11 succinctly presents the palletizing box count, offering a snapshot of the current inventory level of palletizing boxes within the factory.





[image: ]Figure 12 Emergency Lights









Figure 12 provides a glimpse of the emergency lights within the factory setup. These lights serve as critical safety features, activating in response to either the emergency stop button being pressed or the triggering of an alarm.

[image: ]Figure 13 Weight Scale Conveyor Reading











Figure 13 provides a close-up view of the weight scale conveyor, showcasing a digital display that presents the weight of the box currently on the conveyor. This precise measurement serves as the basis for determining whether the box is classified as small or medium.
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[image: ]Figure 14 Network 1 & 2










In Task 3, we delve into the intricacies of the ladder logic program responsible for controlling the various processes within the factory. Figure 14 provides an initial glimpse into this program, focusing on the implementation of start and stop features. The ladder network depicted showcases a start function leading to an operate command, initiating the conveyor system's operation. Conversely, the stop function halts the conveyors when activated. Additionally, a normally closed switch is utilized for the alarm master, signalling that the button is not pressed, which then leads to a command to operate, ensuring seamless integration of safety protocols within the control system.
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Figure 16 Network 3
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Figure 17 Network 3 Continued 2


Figures 15, 16, and 17 provide insight into Network 3 of the ladder logic program, which orchestrates the operation of all conveyors in the factory upon activation of the start button. Each conveyor within this network is equipped with a timer, carefully set to initiate operation at slightly staggered intervals. This deliberate timing strategy prevents all conveyors from activating simultaneously, mitigating potential issues arising from a sudden surge in power demand. By coordinating the startup sequence in this manner, the factory ensures a smooth and efficient transition to full operation while maintaining optimal power management practices.
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Figure 18 depicts Network 4 of the ladder logic program, which governs the operation of the pushers in response to box detection by diffuse sensors 1 and 3 upon pressing the start button. When specific boxes are detected by these sensors, timers are initiated, triggering the activation of the corresponding pusher to transfer the box onto another conveyor. Concurrently, warning lights illuminate to signal the operation of the pusher, providing visual warning.


[image: ]Figure 19 Network 5

[image: ]Figure 20 Network 5 Continued












Figures 19 and 20 unveil Network 5 of the ladder logic program, spotlighting the integral role of counters in the factory's operation. These counters meticulously track the total number of boxes entering the conveyor system and the quantity of each of the four sizes of boxes successfully delivered. Additionally, a button for counter reset has been incorporated, enabling the reset of all counters when necessary.
[image: ]Figure 21 Network 6








In this network, if the count of warnings does not equal zero, indicating the presence of warnings, the warning flag is triggered. Similarly, if the count of alarms does not equal zero, signalling the existence of alarms, the alarm flag is activated. Additionally, in the event of alarms being present, the alarm master is set, initiating appropriate protocols to address and resolve alarm conditions effectively.


[image: ]Figure 22 Network 7













Figure 22 illustrates the functionality associated with the HMI emergency stop button. When pressed, it triggers the emergency stop mechanism, halting operations and ensuring immediate safety measures. Additionally, pressing the HMI emergency stop also activates the alarm master, indicating the need for engineer intervention. The alarm master serves as a safety feature, allowing only the engineer to reset the alarm flags after addressing the issue to prevent system restart with unresolved issues. This reset button, accessible to the engineer, resets the emergency stop, along with alarm flags 2 through 6.
[image: ]Figure 23 Network 8 & 9









Figure 23 illustrates Networks 8 and 9, which manage the scale conveyor system. When the scale conveyor flag is triggered in Network 8, the conveyor starts. Once diffuse sensor 4 detects a box, the scale conveyor flag is reset in Network 9. This efficient process ensures effective box handling and streamlined workflow.
[image: ]Figure 24 Networks 10 & 11







Networks 10 and 11 manage the operation of the scale conveyor system. In Network 10, when a box is detected on the scale conveyor, it briefly pauses to measure the weight before resuming. Then, in Network 11, the measured weight is transferred to the display for visualization. This sequence ensures accurate weight measurement and display within the factory process. This also shows one of the stack light implementations.

[image: ]Figure 25 Network 12









Network 12 governs the operation of the pop-up wheel sorter. When the weight measured from the weight scale conveyor falls within the range of 3.7 to 4.5, the pop-up sorter is set to 'left', directing the box towards the small box delivery destination. Conversely, if the weight falls between 4.75 and 5.75, the pop-up wheel sorter is set to 'right', guiding the medium box to its designated delivery destination. This precise logic ensures accurate routing of boxes based on their weight.





[image: ]Figure 26 Network 13










Network 13 showcases the second stack lights setup. Green light signals start button activation, yellow indicates stop button press, and red denotes emergency stop activation.

[image: ]Figure 27 Network 14










Network 14 indicates that when the alarm master is activated, all warning lights within the factory are turned on. These lights are separate from the warning strategy and serve as spinning warning lights for general alert purposes.






[image: ]Figure 28 Network 15 & 16









Network 15 outlines one of the warning strategies within the factory. This warning activates if a box remains undelivered when the system is turned off. By comparing the number of boxes delivered to those entered into the conveyor, any discrepancy indicating a missing box triggers the warning system.
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Network 17 is part of the warning strategy, detecting fallen boxes at the start of the conveyor using a diffuse sensor.







[image: ][image: ]Figure 30 Network 18
Figure 31 Network 18 continued













[image: ]Network 18 encompasses both a warning and an alarm strategy. Individual warnings are triggered for each of the box delivered counters corresponding to the four different sizes of boxes if the counter reaches 5 or more. Conversely, for the alarm strategy, an alarm is triggered if any of the counters exceed 10 or more, signalling a potentially critical situation that requires immediate attention.Figure 32 Network 19











Network 19 comprises the ladder logic for the turn table operation. When the sensor is triggered, indicating the presence of a box, the turn table rotates 90 degrees. It then delays for 5 seconds to allow the box to fall off before rotating back 90 degrees to its original position. The turn table count was not used within the factory.
[image: ]Figure 33 Network 20









Network 20 represents the final network, governing the operation of the grabber arm. This versatile component incorporates grab and release functions, along with move up and down and left to right features. By precisely timing these actions, the grabber arm efficiently picks up a box and positions it onto another conveyor, facilitating seamless transfer within the factory process.

[bookmark: _Toc165765835]Task 4: Incorporation of HMI device into the Factory
[image: ]Figure 34 HMI Root Screen















[image: ]Task 4 involves integrating an HMI device into the factory system. The root screen serves as the main interface, featuring essential controls such as start/stop buttons, an emergency button, and a counter reset button. Additionally, indicators for warning and alarm flags are displayed, along with a replicated stack light system. The weight data from the conveyor scale is also shown, alongside counters tracking the delivery of each box size and the total boxes put on the conveyor and delivered. Lights next to each individual box counter signal when 5 or more boxes are ready for pick up, providing real-time monitoring of production status. Navigation features for accessing the next page and returning to the home screen are also included, ensuring user-friendly operation and efficient monitoring of factory processes.Figure 35 Warning Screen















Figure 25 presents the warning screen, offering insight into the warning and alarm strategy implemented within the factory. Positioned on the left are the set warnings, which turn red upon triggering, indicating specific issues such as undelivered boxes. On the right are the alarms, including four alarms representing when a box size has exceeded capacity, alongside the emergency stop (e-stop). Additionally, the master alarm, which signifies critical issues, can only be reset by the engineer. This screen provides operators with a comprehensive view of potential issues, empowering them to take prompt action to ensure smooth factory operations.




[image: ]Figure 36 Engineers Screen











Figure 36 showcases the engineer's screen, providing essential functionalities for managing alarms and adjusting parameters within the factory system. The alarm flag reset feature allows engineers to reset any alarms triggered within the factory. Moreover, engineers can adjust the adjustable large box pick-up limit from this screen, using plus and minus buttons to increment and decrement the value by one. This screen serves as a crucial tool for engineers to maintain operational efficiency and address any arising issues promptly, contributing to the smooth functioning of the factory.

[bookmark: _Toc165765836]Conclusion
In conclusion, the implemented factory system effectively meets the specified requirements for sorting four different-sized boxes. While the system is efficient, potential improvements could include expanding to sort additional box sizes for increased versatility. Additionally, the integration of live tracking for each conveyor could enhance the system's capability to locate and monitor missing boxes in real-time, further optimizing operational efficiency and ensuring comprehensive inventory management. Overall, these enhancements would contribute to further enhancing the effectiveness and functionality of the factory.
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Field device checking

The Safety PLC can perform additional field device checking such as snooping for broken wires, failed
contacts, among other features.
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