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[bookmark: _Toc187234418]Literature Review of PLCs Used Within Industry
Programmable logic controllers (PLCs) are commonly used within industry, these controllers can be used for a variety of applications such as controlling and automating machines, processes or systems within a manufacturing setting. These devices are highly suited to industrial environments as they are very reliable and robust meaning they are designed to be implemented and to operate in harsh environments making it perfect for use within the industrial/manufacturing industry. 
One of the main reasons that PLCs are so prevalent within an industry setting is due to their ability to make a lot of processes automated, the addition of a PLC will significantly increase the efficiency, accuracy and consistency of a system or process if you were to compare it to manual labour. By replacing a work force with a PLC there are many benefits that are not manageable using employees, these range from a significant reduction in human errors, productivity is enhanced, and it allows for constant operation without the need of supervision. 
Also, as these devices are programmed quite easily this enables them to be able to adapt with the needs of production, whilst being able to handle complex tasks and seamless integration with other systems that are found within an industrial setting. PLCs are invaluable within the manufacturing/production environment as the highest priority within these settings is efficiency, optimisation and scalability which is what a PLC is designed to help with.
There are many companies that manufacture PLCs all having different features and characteristics which could be the determine why would be preferable instead of others, below is a breakdown of a variety of different PLCs highlighting the pros and cons of certain models from a variety of suppliers:
[bookmark: _Toc187234419]Siemens SIMATIC S7-1200
The siemens Simatic S7-1200 is a compact PLC that is most found within industry to control small to medium automation tasks, offering good versatility, easy to use and has a lot of modern features built-in. One of the most beneficial features this PLC has is its ability to integrate with Siemens TIA Portal which is a software tool that allows for simpler programming and diagnostics, this allows fault finding and rectification work to be completed which much less effort. Some of the key features that this PLC offers is a built-in PROFINET communication, modular I/O (Input/Output) options and basic motion control which is what makes it much more suitable for smaller to medium size industries. [1]
Due to its compact design, scalability and energy efficiency this means it aligns with industry 4.0 standards, this is highly desired when comparing a variety of different PLCs. This is not suitable isn’t recommended for more complex or large-scale applications that require higher processing power, this is an important point to consider when choosing a controller. Overall, the Siemens S7-1200 in my opinion is a very reliable and cost-effective option when looking for a PLC to control modern automation systems. [1]
	Advantages
	Disadvantages

	Ability to integrate with the TIA Portal, which allows the workflow to be streamlined when it comes to programming, diagnostics and commissioning. [1]
	The performance of the CPU may not be suitable as it doesn’t provide the ability to handle high-speed or data-intensive applications. [1]

	Simplified network integration with both other devices as well as industrial systems, this is because of the built-in PROFINET communication. [1]
	There is a learning curve for new users working with the TIA Portal, this means that there will also be an initial investment needed for training. [1]

	Designed to minimise energy consumption which over a long period of time will reduce the operational cost. [1]
	Not as suitable for harsher environments as other similar options such as the S7-1500, it lacks durability and environmental tolerance. [1]

	Has a very flexible modular design which supports add-on I/O modules, communication interfaces and customisable special functions. [1]
	Has limited scalability, is best suited for smaller to medium sized systems. Very possible to struggle with complex or extensive systems. [1]
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[bookmark: _Toc187234420]Allen-Bradley 1756 ControlLogix Standard Controller
The Allen-Bradley 1756 ControlLogix is a high-performance PLC that was designed for more complex automated systems. This device features a lot of high-end components that allow it to operate at such a high standard, these components are powerful processors, integrated communication support (multiple options are available such as Ethernet, ControlNet and DeviceNet) and a modular design. This controller has a lot of benefits that would be extremely beneficial to the user such as scalability, redundancy options and advanced diagnostics. Because of these benefits it makes the controller very appealing to industries such as automotive, oil and gas, food processing and pharmaceuticals. [2]
Though this device provides great integration with other products manufactured by Rockwell, its cost being high and the complexity of it may not make the appealing to smaller applications. All in all the scalability, reliability and flexibility make it a very solid choice for those that need the highest performance available for those projects that cannot afford any downtime or problems. 
	Advantages
	Disadvantages

	Tools are provided for advanced diagnostics and troubleshooting; these tools would be very beneficial to the user as it allows for issues to identified quicker meaning downtime is reduced as well as maintenance costs. [2]
	As this device has high processing power and redundancy features this can lead to much higher energy use especially when used in large systems. [2]

	Has available redundancy support which supports the controller for high availability in critical systems. [2]
	Due to the complexity of the system skilled personnel would be required for tasks such as setup, programming and system maintenance. 

	Is able to handle large data volumes and complex tasks with ease, ideal for any industries that have demanding applications. [2]
	Very difficult to integrated with other non-Rockwell manufactured components, as well as Rockwell software limiting third party compatibility. 

	As it has a modular design the configuration is very flexible with a wide range of I/O, communication and redundancy modules. [2]
	Size, complexity and cost may make this controller overkill for smaller or less complex systems potentially limiting its use in these scenarios.
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The Mitsubishi MELSEC Q Series is a high performing modular PLC that meets a wide variety of automation needs throughout multiple different industries. As this style of PLC is a rack-based system the architecture is very customizable meaning that a range of components can be replaced such as CPUs, I/O module and communication modules. This ability allows for the controller to be designed to be as suitable as possible for its application ranging from small scale systems to larger complex systems. This PLC can be a suitable choice for a wide choice of industries as it offers high-speed processing, built-in communication capabilities and advanced diagnostics features.  
All in all, this PLC is a reasonable choice for demanding environments that require high performance and adaptability. The benefits of this PLC include flexibility, scalability and reliability however, the cost can be unreasonably practical and far too complex for tasks that are not too overly complicated.
	Advantages
	Disadvantages

	Was designed and built for continuous operation even in harsh demanding environments, ensuring system stability consistently. [3]
	The modular components and high-performance capabilities this controller can offer will result in significantly high upfront costs.

	Easy to scale system as it supports small to large systems by expanding with additional modules as required. [3]
	This controller is a rack-based design meaning it will require a significant amount of space within in control panels, especially when used for large systems. [3]

	This controller has the option to use a wide range of CPUs options include standard, high-performance, process and redundant CPUs for a wide range of diverse needs. [3]
	This controller faces issues when trying to integrate older module or systems with newer modern technologies. 

	Comes with built-in advanced diagnostic tools that can be used for system monitoring and fault detection which will heavily reduce system downtime and maintenance effort. [3]
	This controller is considerably complex for new users due to the systems advanced features, it is required to have personnel that is competent with the system for its setup and operation.
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[bookmark: _Toc187234438]Figure 6 - Factory I/O (1/3 of System)
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[bookmark: _Toc187234439]Figure 7 - Factory I/O (2/3 of System)
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[bookmark: _Toc187234440]Figure 8 - Factory I/O (3/3 of System)
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[bookmark: _Toc187234442]Figure 10 - Network 2’ Operate’
[bookmark: _Toc187234443]Figure 11 - Network 3 'Conveyor Control'
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[bookmark: _Toc187234444]Figure 12 - Network 3 'Conveyor Control'
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[bookmark: _Toc187234445]Figure 13 - Network 3 'Conveyor Control'
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[bookmark: _Toc187234446]Figure 14 - Network 4 'Pusher 0'
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[bookmark: _Toc187234447]Figure 15 - Network 5 'Pusher 1'
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[bookmark: _Toc187234448]Figure 16 - Network 6 'Master Alarm'
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[bookmark: _Toc187234449]Figure 17 - Network 7 'Master Counter'
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[bookmark: _Toc187234450]Figure 18 - Network 8 'Large Box Counter'
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[bookmark: _Toc187234451]Figure 19 - Network 9 'Medium Box Counter'
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[bookmark: _Toc187234452]Figure 20 - Network 10 'Small Box Counter'
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[bookmark: _Toc187234453]Figure 21 - Network 11 'Palletizing Box Counter'
[image: A black and white rectangular object]
[bookmark: _Toc187234454]Figure 22 - Network 12 'Energise Conveyor Scale Forward'
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[bookmark: _Toc187234455]Figure 23 - Network 13 'Pop Up Wheel Sorter Control'
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[bookmark: _Toc187234456]Figure 24 - Network 14 ' Weigh Bridge Control'
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[bookmark: _Toc187234457]Figure 25 – Network 15 ‘Weigh Bridge Conveyor Pause'
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[bookmark: _Toc187234458]Figure 26 - Network 16 'Warning Light'
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[bookmark: _Toc187234459]Figure 27 - Network 17 'Amber Stack Light On'
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[bookmark: _Toc187234460]Figure 28 - Network 18 'Green Stack Light On'
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[bookmark: _Toc187234461]Figure 29 - Network 19 'Red Stack Light On'
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[bookmark: _Toc187234462]Figure 30 - Network 20 'Large Box Warning & Alarm'
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[bookmark: _Toc187234463]Figure 31 - Network 21 'Medium Box Warning & Alarm'
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[bookmark: _Toc187234464]Figure 32 - Network 22 'Small Box Warning & Alarm'
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[bookmark: _Toc187234465]Figure 33 - Network 23 'Palletizing Box Warning & Alarm'
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[bookmark: _Toc187234467]Figure 35 - Error Screen
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[bookmark: _Toc187234468]Figure 36 - Engineers Screen
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To construct the factory using the software package Factory I/O the following components were used to design a system suitable for the requirements set:
· Conveyor Belts
· Control Panel
· Push Buttons
· Panel LEDs
· Stack Lights
· Warning Lights
· Siren
· Pushers
· Diffuse Sensors
· Weigh Scale
· Pop Up Wheel Sorter
· Package Emitter
· Package Remover
These components are scattered throughout the factory to obtain the desired result of sorting out 4 different sized boxes which are large, medium, small and palletizing. The system is controlled via a control panel located at the beginning of the system which features a start, stop and emergency stop button along with a stack light that corresponds to state of the system as shown in Figure 4. When the system is energised the boxes run through system getting rerouted when required using a pusher, the pushers are linked to a diffuse sensor which is the sensing device that has been used to be able to distinguish what size the boxes are. The large boxes get rerouted at the first intersect by a pusher whilst all the other sized boxes can pass through, the medium and small boxes then get rerouted at the final intersect by another pusher allowing the palletizing boxes to maintain its path on the main conveyor belt to its final desired location. When the medium and small boxes have been rerouted, it moves along another conveyor belt path that leads to a weighing scale and pop-up sorter that is able to differentiate the boxes from their weight. When a box reached the weighing scales the conveyor belt pauses for a short amount a time for an accurate reading, once the weight has been measured the conveyor belt activates again and depending on the weight of the box the pop-up wheel sorter will direct the box either left or right at 45° taking the 2 final types of boxes to their final location.
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Writing The Ladder Program Using Siemens TIA
To get the system within Factory I/O operational a program is required to allow the inputs and outputs to work autonomously. It is important that the addressed used within the program for the inputs and outputs are aligned with those on Factory I/O as without the standardisation the system will not preform as intended. The software used to write the program was Siemens TIA which allows you to write in a program in ladder logic which is one of the most used languages for PLC systems, below is a breakdown of the programme that was used for this task:
Network 1 (Figure 9)
This network is automatically populated when using the Siemens TIA software package, this network is responsible for being able to link to the PLC within Factory I/O enabling the system to become operational.
Network 2 (Figure 10)
The main purpose of this network is to set up the function labelled Operate, this output is used as a flag consistently through the program as it increases the safety of the system. This network consists of N/O (Normally Open) and N/C (Normally Closed) contacts that are linked to the push buttons on the control panel and to any alarm; to get the system operational the conditions of these contacts are required to be correct. The Operate output is also used as an input in parallel with the start button to create a latch, this latch maintains constant operation once the system is activated. When the Operate output is energised, its input counterpart is also energised, forming a complete circuit. This eliminates the need to hold down the start button for continued operation. By using this method, it ensures that the system will operate safely as it will continue operating until it has been interrupted by a fault or stopped deliberately.
Network 3 (Figure 11)
This network is dedicated to the start up of the system focusing on all the conveyor belts and other components the boxes will travel along and the warning siren. The input used to activate all the outputs in this network is Operate, so once all the parameters are correct and the start button has been pressed this network will also become operational. Every output used in this network utilises a TON (Timer On Delay) before the output, this systematic approach staggers the activation of each component, introducing a delay between them. If this system wasn’t used and every component powered up at once it would cause a large surge of current which can be dangerous.
Network 4 (Figure 14)
The fourth network contains the logic responsible for the first pusher that was implemented to redirect the large boxes only. This is done by using a diffuse sensor as the input to detect when a large box is present, this sensor is placed at a certain height where it is only able to detect the large boxes as they are the tallest out of the 4 that are being sorted. There is also a TON and TOF (Timer Off Delay) used in this network that is only used to better control when the pusher activates after a box has been detected.
Network 5 (Figure 15)
The working principle for this network is the same as network 4. The only difference is the diffuse sensor placed next to this push is placed just above the height of the palletizing boxes as it should allow the to pass by and only detect small and medium boxes.
Network 6 (Figure 16)
Alarms are used in this system and an alarm will only activate when the count has reached a preset amount. When an alarm is activated, the system will stop so the need to link any alarm to the master alarm is mandatory. The input used in this network is set up so if the number of alarms present is not equal to one it will energies the output which is the master alarm, that links to network 1 and causes the system to stop. 
Network 7 (Figure 17)
The seventh network involves the use of a CTU (Up Counter) which is used to count the total amount of boxes that the system processes. The count is undertaken using a diffuse sensor that is located before any of the boxes have been redirected, the sensor is placed as low as possible on the conveyor belt to ensure that it accounts for every size box. There is also a display on the root screen (Figure 34) that shows the total amount of boxes counted, as well as this there is a button on the root screen that is able it reset the counter, although it is important to note that this button resets all the counters which is why it is labelled as the master counter reset.
Network 8 (Figure 18)
The principle of this network is identical to network 7, but it does have some slight deviations. As this network is responsible for only counting large boxes the diffuse sensor is placed after the large boxes have been redirected by the first pusher. As well as this this counter has an individual counter reset that only applies to the large boxes, the display for this can be found on the root screen (Figure 34) whilst the individual reset button is on the engineer’s screen (Figure 36).
Network 9 (Figure 19), Network 10 (Figure 20) and Network 11 (Figure 21)
These three networks function identically to network 8, the diffuse sensors that are used to only detect palletizing, small and medium boxes are located where they can only detect the box that is relevant to the counter.
Network 12 (Figure 22)
The twelfth network is responsible for controlling the conveyor belt on the weighing scale when required to measure the weight of a small or medium box. The N/C ‘Scale Control’ instruction is linked to network 14 which is apart of the logic that dictates which direction to send the box.
Network 13 (Figure 23)
This network is the control for the pop-up wheel sorter, the weight measured from the weighing scales dictates which direction the box will move along the pop-up wheel sorter. If the weight is equal to or greater than 4.6 the sorter will direct the box to the right and reset the left directional input. Otherwise, if the box is equal to or less than 4.5 the box will be directed to the left and the right directional input will be reset. The MOVE operation is required in this network to get the pop-up wheel sorter to physically move.
Network 14 (Figure 24)
The fourteenth network is the control instructions for the weighing scales conveyor, when a box is sat on the scale the N/O contact Ready will close allowing for the weight to be measured. When the weight has been measured the scales will set ‘Ready’ which is needed for the pop-up wheel sorter. Two TONs are used to ensure that the box can be measured accurately and that it can move off the scales before the ‘Scale Control’ and ‘Ready’ instructions are reset.
Network 15 (Figure 25)
This network functions using another diffuse sensor to detect when a box is about to move onto the weighing scales, a TOF is used with a delay time of 500ms so that the box will be in the centre of the scales when it’s ready to be measured. The output of this network means that the box in on the scale which then energises network 14.
Network 16 (Figure 26)
The control of the warning light in the only output in this network, as the light should be illuminated in a situation where there is an issue present the only inputs that can turn the light on is if the master alarm is active or an e-stop has been pressed.
Network 17 (Figure 27)
This network is responsible for controlling the amber LED in the stack light, the working principle is the same as the green and red in networks 18 and 19 with a slight adjustment. As the amber LED should only illuminate briefly when the system is starting up it has a TOF delay ensuring the light is enabled until the system is fully operational. The starting alarm siren is the input this LED relies on as it is the first component that enables when the start button has been pressed.
Network 18 (Figure 28)
When the system is normally operating the stack lights should only illuminate green. Operate being N/) is used to instruct the system is running, but there are also N/C contacts for the other lights within the stack light this is used to ensure that only one LED can illuminate at once not to show conflicting instructions. 
Network 19 (Figure 29)
This network functions the same as network 18 but with the red being illuminated on the stack light.
Network 20 (Figure 30), Network 21 (Figure 31), Network 22 (Figure 32) and Network 23 (Figure 33)
These 4 networks are all responsible for highlighting alarms and warnings for each individual sized box. For each warning to activate the count for each sized box needs to reach:
Large – 10
Medium – 14
Small – 17
Palletizing – 23
When any of these listed counts are reached it will illuminate the related LED on the error screen (Figure 35) as an alert to show that the count is nearly at the maximum, this will not stop the system from operating.
For each alarm to activate the count for each sized box needs to reach:
Large – 15
Medium – 20
Small – 25
Palletizing – 30
When any of these listed counts are reached it will illuminate the related LED on the error screen (Figure 35) as an alert to show that the count is at the maximum and requires the pallet to be replaced for an empty, as this is an alert it will stop the system from operating as all alarms are linked to the master alarm. The individual alarm and master alarm will need to be reset on the engineer’s screen (Figure 36) before the system can become operational again.
[bookmark: _Toc187234428]Constructing A Human Machine Interface Using Siemens TIA
[bookmark: _Toc187234429]An HMI (Human Machine Interface) is an interface that allows the user to interact with a vast variety of devices, systems or machines. The benefit of accessing an HMI is it allows the user to gain far more insight into the systems condition as it allows for monitoring, higher level of control and more efficient process management. HMIs can vary in features such as being portable, physical control panels or specialised software packages that display real time information, trends, warnings and alerts. These devices are commonly found throughout a variety of industries such as the automotive, manufacturing and transportation industries. These devices have proven to increase efficiency, reduce downtime, mitigate errors and provide enhanced control for the user.
Root Screen
The root screen has several additions that make the system far more interactable such as:
· Start Button
· Stop Button
· Emergency Stop
· Master Alarm LED Indicator
· Master Counter
· Counters for each box size (Large, Medium, Small and Palletizing)
· Weight Display
· Stack Light (Green, Amber and Red)
Each feature listed on the root screen is linked to an HMI tag that can be linked to a PLC which allows the HMI to interact with the system effortlessly. The benefits of having this screen range from being able to remotely start and stop the system, have a visual indication of the status of the system, monitor weight of boxes on the scales and to be able to track the number of each box type being processed through the system. Having this ability makes the system significantly safer as well as allowing to monitor data live which can allow for system analysis to be undertaken that can highlight areas for improvement. 
Error Screen
The error screen is a tool that allows for the warning and alarms to be monitored as the system is operational, the LED indicators will illuminate green when there are no warnings or alarms present but will change when an issue does occur. Each alarm and warning can be assigned to anything that would be useful to the functionality of the system, in this situation each sized box is assigned a warning and alarm to simulate when a pallet would be at maximum capacity, the warning is just a signal to say that the pallet is around 70% full whilst the alarm signals that the pallet is at maximum capacity which will stop the system from operating. 
[bookmark: _Toc187234431]Engineers Screen
The engineers screen has a lot of features that make the system far more efficient and allows for reduced human interaction that can be unnecessary, these features are:
· Individual Warning Reset Button (LED Illuminated When Active)
· Individual Alarm Reset Button (LED Illuminated When Active)
· Master Alarm Clear Button
· Master Alarm LED Indicator
· Master Alarm Clear Button
· Large Box Counter Reset Button
· Medium Box Counter Reset Button
· Small Box Counter Reset Button
· Palletizing Box Counter Reset Button
The screen provides the engineers a lot more insight into the system by allowing them to identify the reasons that the system has stopped without the need of physically investigating it, this will increase the amount of time the system is operating for which therefore it increases productivity and safety seamlessly.  
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