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[bookmark: _Toc185576602]Introduction
Programmable logic controller is abbreviated to PLC this is device that can be programmed to operate various electromechanical processes which is generally in the industrial field. This is known within that industry as the PC as it does specialised computing. They transfer information from the factory devices or even external offices to the central application, which is the PCs, they can be used to monitor the systems operation by providing visual displays. This allows for the user to diagnose faults and even alter the events occurring by forcing a signal on or off. 
There is a wide range of input and output devices that can be used with a PLC, these include various sensors or weighing operations for inputs and outputs could be pushers or motors. These devices can be programmed in such a way, so they work in conjunction with each other to be able to perform various actions. The use of a PLC can make a system more efficient for production output but not only that it makes the system a lot safer. This type of system can be used in monitoring; to allow the user to see what state each input is in such as light signals and be able to make a decision about what state the output device will be in next as a example the light being on or off.
To complete this project there was the task of using the factory I/O to simulate the use of the PLC programme to make sure it worked correctly, and that the system was designed as per the specification along with using all components listed. When looking at the software used to write the programme it needed to work with this simulation package, so it was decided to use siemens.
As the siemens PLC can be used with factory I/O it can develop the programme in ladder logic to apply it to the simulated factory. The ladder logic language is used as it can be simple to follow, this allows for the programme to be changed for improvements. When it comes to fault finding the software allows for a visualisation to show what is working and isn’t being powered. When this is used withing factory I/O it allows the user to see what components are not being operated by the programme this could be conveyors not working or a pusher not acting quick enough causing package blocks. [1].
[bookmark: _Toc185576603]Different types of PLC
There are two main types of PLC types to be considered these are unitary/brick type or rack mounted. These both have their pros, cons and similarities, both will be discussed below along with a table of pros and cons to outline which is considered better. 
[bookmark: _Toc185576604]Unitary/Brick PLC
A unitary or brick PLC is a standalone compact box, and these are the features it has: A power supply, a main unit that contains the CPU (central processing unit), an input module and an output module. This PLC can have a range of inputs from as little as 6 to as large as 24 depending on what you need the PLC for, and the outputs range from 4 to 16, they can only store from around 300 – 1000 instructions this is why they cost less than other units and are inflexible. If this type needs expanding it is very limited and only certain models have the capability and they will use a ribbon cable, if the type you have can’t be extended then you would need to replace the whole unit with a larger one to get more inputs/outputs. 
A brick PLC can be used for small applications that will not require a lot of inputs or outputs, this can be something like a car park barrier or automatic doors on a shopping centre as these are simple programmes.
[bookmark: _Toc185576605]Modular/Rack Mounted PLC
Now looking at a modular PLC this type of module can be expanded or have extras slotted onto the end this is so that it can have more inputs and outputs and are generally fitted into racks. The features that a modular PLC has is: A power supply, a main module that has the CPU, an input and output module.  However, these are generally separate modules whereas the brick type module is one full unit.  Modular PLCs can be more flexible in nature as they have the option to change the units and modules depending on what the user needs.
When the modules are added to the rack this will allow for more inputs/outputs and to have more memory.  This type of PLC is mainly used in the manufacturing automation industry for controlling process lines and packaging etc this is due to be versatile and being able to increase the number of inputs/outputs and will increase the memory and communication modules. 
There are cards that can be added to the racks and have programmes loaded to them which are either fixed or can be altered. The limiting factor to the number of cards being used is the space on the racks. These cards enable the system to be improved by adding new capabilities and allowing the system to widen the network internally and externally. These cards give the company the power to improve memory, power supply and the addition of analogue to digital conversion.[2].
There are various brands of PLC that can be used, a few of these will be discussed below.
[bookmark: _Toc185576606]Siemens
When looking at the siemens brand they can provide the adaptable and the customisation of a device solution to be able to control processes and production lines within a factory. They have a design which is modular to allow the adaptation to be able to meet specific requirements within various industries. They have the ability to utilise many programming languages, interaction procedures, and tools to carry out diagnostics, these characteristics make them a high option for professionals. They are seen to be very effective and dependable for industries completing automation activities. Due to the siemens ability to be adaptable and have longevity they are therefore considered in more complex, safety-critical activities where any failure within the system will have a big consequence. There is a variety of siemens models which have different capabilities which has then made it a popular option.[4].
[bookmark: _Toc185576607]Allen Bradley
When looking at the Allen Bradley brand of PLC it is considered the standard within many industrial applications which include manufacturing, automotive, food and beverage amongst others. They are seen to be reliable, manageable and can be adapted to what is required, can also be scaled to larger operations. They use the software RSLogix to programme some of the modules as the interface is easy to use and comes with a range of programming languages, which includes ladder logic, function block and structured text. With the features on these PLC types, they can control various operations from small machines to more complex factory production lines.[5].
[bookmark: _Toc185576608]Mitsubishi 
When looking at the Mitsubishi brand of PLC they are used widely within various manufacturing applications, to be able to complete processes and control equipment that is seen to be complex and to help automate them. These PLCs are seen to be capable of higher functionality, very dependable and adaptable which is seen as a high characteristic for people’s choice. This company provide various PLC types these range from compact modules for usages that are small to much larger modules that control large scale manufacturing systems that are automated. They have capabilities that are advanced in monitoring systems in real time, to be able to communicate and remotely access, used to around the world for projects in industrial automation.
They allow for accurate control and automation of processes. This includes broad range of features that include the monitoring and control of systems but there can be notifications and alerts sent to the user to show them that there may be issues along with any problems that may occur. The PLCs use a variety of tools and programming languages to allow for them to be customised to the users needs and to meet any set of requirements.[6].
Figure 1 below outlines the pros and cons of these 3 PLC types hopefully giving an overview and understanding why these are chosen in industries.


Figure 1 – Pros & Cons of various PLCs


[bookmark: _Toc185576609]Project Report
Producing a report outlining the different types of PLCs and what manufacturers provide with each unit or type of PLC. Gives a brief understanding of how they are made, how they are fitted and what components can be added to enhance the systems. This allows for customers to pick which PLC they need for the system they are creating and if that might need expanding in the future.
This information is showed in Figure 1 that outlines the pros and cons of each brand of PLC. With all this information the customer can make the best informed decision and also use preference when deciding which one to use.
This is then supported by the creation of a simulated system below of a factory controlled parcel sorting scenario where a PLC system has been used to control various inputs and outputs for a desired outcome. This allows for boxes to be sorted by size and weight, through the use of diffuse sensors along with pushers and a weigh table. This allowed for an increased knowledge of how PLCs work and how to programme them.
[bookmark: _Toc185576610]Flow chart
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[bookmark: _Toc185576583]Figure 2 – Flow diagram of system operation
[bookmark: _Toc185576611]Factory I/O
The project was to design a factory system to sort a minimum of 4 box types this included Large, Medium, Small & palletising boxes by using various conveyors pushers and a weigh bridge. There was also the scope to include a control box, start button, stop button, emergency stop, stack lights, warning light and a siren. The whole system set up is displayed below in Figure 3.
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[bookmark: _Ref185505237][bookmark: _Toc185576584]Figure 3 - Overview of factory layout
To do this operation it was decided to use diffuse sensors to detect the various box sizes and timers to activate the pushers so it will push the box to the next conveyor thus sorting them into different areas. The emitter added the boxes to the conveyor and as they passed the first diffuse sensor they were counted for the overall box count. The second diffuse sensor was used for the detection of the large boxes which were pushed onto the first conveyor. These boxes were counted by using the operation of the first pusher to count how many large boxes were sorted. Shown in the bottom left of Figure 4.
[image: A computer screen shot of a game

Description automatically generated]
[bookmark: _Ref185505211][bookmark: _Toc185576585]Figure 4 - Emitter diffuse sensor and pusher for larger boxes
Then for the palletising boxes they were just not detected by any of the diffuse sensors activating the pushers and they were sorted at the end of the straight conveyor. These were counted by an additional diffuse sensor at the end of the conveyor to know how many palletising boxes were sent down the sorting line. This can all be seen in Figure 5 below on the left hand side showing the remover for the boxes and diffuse sensor, it’s not the first diffuse sensor or the pusher they are for different boxes.
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[bookmark: _Ref185505193][bookmark: _Toc185576586]Figure 5 - Removing and diffuse sensor for palletising boxes
The medium & small boxes were then sorted by a diffuse sensor sensing them before the second pusher both seen in Figure 5 above. This diffuse sensor was set at a height to pick up these two size boxes, they again had a time associated with them before activating the pusher to send them down towards the weigh table. These are counted by the second pusher so once the pusher is activated it adds one to the count for both these size boxes. They are then further separated by the weight of box; this is completed by the conveyor moving the boxes onto the weigh table 1 by 1 where they are then stopped in the centre by triggering another diffuse sensor, see Figure 6 below.  This allows the weigh table to take a weight of the box. This weight will determine the direction that the pop-up sorter will go, so sorting the boxes medium one direction and small boxes the other. 
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[bookmark: _Ref185504939][bookmark: _Toc185576587]Figure 6 - Weigh table and pop-up sorter
The boxes once have left the conveyors will be taken away by the removers situated at the end of each conveyor, these can be seen at the bottom of Figure 6 above.
The alarms and warnings are linked to the counting operations once the large box counter gets to greater than or equal to 5 then warning light ‘1’ comes on, then once this counter gets to greater than or equal to 10 then it will trigger alarm ‘1’ and the system will stop until the large box counter is reset or the master counter is reset and then finally the master alarm is reset to allow for the system to be started again. This same principle for the other counters for small/medium boxes where the count is greater or equal to 8 then warning light ‘3’ comes on and then when greater than or equal to 13 the alarm light ‘3’ comes on. Then lastly for the warning and alarm for the palletising boxes the warning light ‘6’ will be triggered if the count is more than or equal to 10 then the alarm light ‘6’ will be triggered if the count is more than or equal to 15.
The control box contains the other elements required for the system to run safely these will be listed below:
· The start button is used to initially start the system and to run the programme.
· The stop button is used to stop the system and will stop the programme from carrying out any further operations.
· The emergency stop this will terminate any power from going to the components and stop any operations of the programme continuing.
· The stack light will be on amber when the start button is operated as an additional visual warning that the system is starting and will remain amber until all the conveyors have started. Then it will switch to green to visually show the system is running with no faults. This will then turn red when the system stops for any reason either a fault or the operator has manually stopped the system.
· The warning light is to warn the operator that an alarm or emergency stop has been activated so that someone will need to investigate what has happened and reset the system before restarting it.
· The siren will sound when the operator initiates the system with the start button, warning everybody that the conveyors will be starting.
The below Figure 7 shows a visual display of the control box that is used in the factory I/O system simulation set up.
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[bookmark: _Ref185504973][bookmark: _Toc185576588]Figure 7 - Control box display
[bookmark: _Toc185576612]Siemens TIA for programme creation 
When designing the factory set up there needed to be a programme created to allow for the inputs and outputs to talk to each other. There are drivers associated with each component added to the factory I/O which have a specific reference to be able to be used in the ladder logic programme written in siemens TIA. This programming system is used to apply logic to the inputs and outputs to ensure they are energised when specific operations are completed with the inputs, they will allow the energy to be passed through them into the outputs meaning an operation will be completed within the system.
The below networks will show how the ladder system is set up with additional information on what each rung in the network is doing to help give a higher understanding of how the programme works.
Firstly below Figure 8 shows what is required to start and stop the system. Pressing the start button will allow the operate output to be energised and will be latched on due to the normally open operate which bypasses the start button being pressed. Operate will then be continuously energised and is used to power more operations in the programme. 
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[bookmark: _Ref185504990][bookmark: _Toc185576589]Figure 8 - Operating network
The below imagine (Figure 9) shows the operate command being used to power the TP timer for the operation of the siren to allow warning the system is starting. Followed by the various TON timers to delay the starting of all the conveyors, if they started at once it would demand a high power surge potentially causing a power outage so by delaying them stops this from occurring.



[bookmark: _Ref185505016][bookmark: _Toc185576590]Figure 9 - Conveyors starting up
The following 2 networks Figure 10 show that the diffuse sensors need to be energised for 450ms to allow the power to pass through the TON timer, then once the TOF timer is energised for 500ms it will then operate the pusher to push the box onto the next conveyor if this is not completed then the box passes through without being pushed.










[bookmark: _Ref185505039][bookmark: _Toc185576591]Figure 10 - Pusher operation
The below image (Figure 11) shows that when any alarm is activated then it powers the master alarm which will stop the system from working until it is reset.
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[bookmark: _Ref185505053][bookmark: _Toc185576592]Figure 11 - Master Alarm
Figure 12 below shows the counters that are used to determine how many boxes pass through the system and specifically how many large boxes. All boxes are counted by a diffuse sensor at the start of the system and is reset using the master count reset button. The large boxes are counted through the activation of the pusher used to move them onto the next conveyor this counter is reset by the master counter button or specifically the large box counter reset.
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[bookmark: _Ref185505065][bookmark: _Toc185576593]Figure 12 - Count all boxes and large boxes

The image below Figure 13 shows the operation of the weigh table along with how this then operates the pop-up sorter. 
The boxed is moved onto the weigh table then stopped in the middle by the detection of the diffuse sensor then it conducts the weighing operation. The weight recorded will determine which way the pop-up sorter is facing to send the box in the correct direction. The weigh table conveyor will be activated, and the box is driven onto the pop-up sorter to complete the operation.




[bookmark: _Ref185505074][bookmark: _Toc185576594]Figure 13 - Weigh table and pop-up sorter
Figure 14 below shows the operation of the waring light only when the emergency stop or the master alarm is operated. Then the following 3 networks in the figure show the stack light operations. The amber light is on when the green and red light are not on, the green light is on after ‘operate’ is activated for 7.5 seconds which is when all the conveyors have turned on. Then the red comes on when the system is not operated.
[bookmark: _Ref185505087][bookmark: _Toc185576595]Figure 14 - Warning light and stack light operation

The Figure 15 below shows the counting operations for the palletising boxes and the small/medium boxes to be weighed. The palletising boxes are counted through a diffuse sensor, this count is reset by the master reset button, or the palletising box counter reset button. The small/medium boxes to be counted are done when the pusher is activated to push that box type towards the weigh table this is then reset by using the master count reset button or by the small and medium box count reset button.
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[bookmark: _Ref185505098][bookmark: _Toc185576596]Figure 15 - Palletising box counter and small/medium box counter
Network 19 shown in Figure 16 shows which warnings are linked to each count operation if the large box counter gets to 5 or more then warning 1 is set off. If the small/medium box counter is set at 8 or above, then warning 3 is set off. Then if the palletising box count is 10 or above then warning light 6 is set off. The warning lights can be turned off by resetting the retrospective count button or the master count.
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[bookmark: _Ref185505112][bookmark: _Toc185576597]Figure 16 - Warning signals
Network 20 shown in Figure 17 shows which alarms are linked to each count operation if the large box counter gets to 10 or more then alarm 1 is set off. If the small/medium box counter is set at 13 or above, then alarm 3 is set off. Then if the palletising box count is 15 or above then alarm light 6 is set off. The alarms can be turned off by resetting the retrospective count button or the master count then followed by the master alarm reset button.
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[bookmark: _Ref185505124][bookmark: _Toc185576598]Figure 17 - Alarm signals
[bookmark: _Toc185576613]HMI use through Siemens TIA
The human machine interface (HMI) is used by many companies to allow for the users/operators to interface to the machine or system within an industrial process. They are used in displaying data, they can look at times or tags along with overseeing key performance indicators. Assess the inputs or outputs of the system check if there is any errors or warnings that might be present or just generally monitor what is happening during the whole process. This has allowed for industries to increase efficiency without having to physically monitor each device by walking around the factory it can all be done centrally and go to the areas where there is issue being seen, this will save the companies a lot of time and money reducing production downtime. [3].
[bookmark: _Toc185576614]Root Screen
The below Figure 18 shows the root screen of the HMI for the project. It allows the operator to start the system along with being able to stop the operation for any issues he may see. There is the emergency stop included which can be used to cut all power to system where there is safety concerns or if an accident has happened. They can monitor visually how many boxes are passing through the system by looking at the count of each box. The stack lights are displayed to show the state of the systems operation amber/yellow light is shown to highlight the system is starting up, the green light indicates that the system is running with no faults and red light will be activated when the system has stopped or there is an alarm activated.
[image: ]
[bookmark: _Ref185505141][bookmark: _Toc185576599]Figure 18 – Root Screen
[bookmark: _Toc185576615]Engineer Screen 
The engineer screen shown below in Figure 19 is only to be used by the engineers. These warnings and alarms will show them a visual of where there are issues within the system depending on which number warning or alarm is showing as activated so the engineer can visit that area and fix the problem. The engineer will need to deactivate the alarm of warning on this screen then depending on which one it is they will need to then reset the count of the specific box type and/or reset the master alarm clear button. These will only be reset once the engineer has rectified the issue and is happy that the system is in a state ready to be restarted.
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[bookmark: _Ref185505150][bookmark: _Toc185576600]Figure 19 - Engineers Screen
[bookmark: _Toc185576616]Warning Screen 
The warning screen below in Figure 20 is straight forward it showcases visually which of the warnings or alarms are activated if any of these are red then it will mean there is an issue in the system and the engineer will be called to look at the issue so it can be reset, and the system can carry on as needed.
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[bookmark: _Ref185505160][bookmark: _Toc185576601]Figure 20 – Warning Screen
The use of the HMI is very useful tool to be used within industry production operations it allows for the operators to have some more control on the system and not rely on supervisors or engineers to fix some of the simple issues within the process. It allows for monitoring the count of the boxes being passed down the line. It will also allow for the engineers to conduct fault finding more effectively and are able to restart from the HMI once the fault is eradicated.
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Pros

Cons

Siemens

Reliable - Robust & dependable for he environment
Flexibility - Allows extensive feature adjusments
Scalable - Cost effective solution for large projects
Compatability - Can communicate with other
siemens and third party devices. Can integrate into
systems already completed

Programmable - Has the ability to use various
programming languages to suit the system they are
using.

Cost - They are higher cost for small operations and
could put smaller companies off from a high intial
cost.

Complexity - Due to high amount of features,
programming can be complex and will need
specialised training.

Learning curve - Highly advanced capabiliy can cost
time and resource.

Response time - May not meet high speed
controllers or real time applications.
Update/upgrade - Upgrading to latest versions can
be costly.
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Allen Bradley

Product range - There is a vast amount of PLC
products
Compatability - Able to integrate to exsisting
systems and can be used with a variety of of
software & hardware

Reliability - Can be used in harsh environments for a

long time.
Scalability - Can be used to expand or reduce
systems depending on needs.

Ease to programme - Simplyfying programming
reducing time to create complex programmes.
Built in diagnostics - Allows for fault finding in real
time.

Technical support - Includes training classes and
online instructions.

Cost - Can be more expensive than other brands. Will
be significnat factor to projects with limite budgets.
Proprietary software - Programme and configuration
tools can lead to vendor lock in and restrict flexibility
of ontegration of other parts.

Complexity - Due to advanced functions which needs
specialised training.

Learning curve - Will require high amounts of
learning if used to other systems.

Licensing fees - The tools software needed for
maintenance and programming comes at additonal
costs.

Regional availability - Even though it is a global brand
spare parts and products may not be available having
longer lead times.





