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[bookmark: _Toc122178637]Brief 
The following document will outline the various stages of developing and programming a conveyor system that sorts 4 different box sizes. 
The conveyor system was simulated on Factory I/O which uses game engine mechanics to give a fairly accurate real-life representation of how the components used would operate in the real world. 
Siemens TIA V16 PLC programming software was used to program the PLC with the commands required to carry out the operation desired. This was then downloaded to Factory I/O to test the PLC program to ensure it functioned as required. 


[bookmark: _Toc122178638]Introduction 
Before working with and programming PLCs, it is important to have some basic understandings of what PLCs are and how they function. There are various types of PLC, all with their own unique properties. 
PLCs are used in many day-to-day operations. They are used in operations and equipment such as traffic lights. However, they can also be used in more complexed operations such as motions belts which are used in industry. There are 3 main types of PLCs that are used in industry.  
[bookmark: _Toc122178639]Unitary PLC 
[1]A unitary PLC is a basic type of controller, which contains all of the basic components of a PLC, whilst containing it all within a single housing or box. This contains basic operations such as processors, which run the programme, and also input and output connections. Unitary PLCs are mostly located near the machine being operated by the machine rather than away from the machine and could also be on the machine.  
[bookmark: _Toc122178640]Advantages of Unitary PLC 
The unitary PLC has many advantages to using it compared to other PLCs. These advantages consist of: - 
· This PLC is suitable to be used in small to medium scaled businesses, meaning it is small and compact. This allows the PLC to not take up a lot of room, meaning there is more room for other operations. 
· It’s very simple to use and to install. This allows the PLC to be connected straight onto the system being controlled.  
· The simple and basic design allows portability and easy access. This means users will not have to fumble around with messy operations.  

[bookmark: _Toc122178641]Disadvantages of Unitary PLC 
The unitary PLC also has some faults with its design. These disadvantages consist of: - 
· The unitary PLC is a fixed operation, meaning it cannot be added to. This means that if the user needs to add to their system, then they would have to buy a completely different PLC. 
· Can only be used in small to medium operations and cannot be used in large scale operations.  

[2][image: Mitsubishi Electric Alpha 2 Logic Module With Display, 6 x Input, 4 x Output, 24 V dc Supply Voltage]Manufacturers Data 
· Price- £102 
· Supply Voltage- 24V 
· Output Type- Relay 
· Number out Outputs- 4
· Number of Inputs- 6
· Output Current- 8A 
· Memory Available- 200 blocks, 5000 bytes

 
[bookmark: _Toc122178642]Modular PLC 
[3]A modular PLC is a combination of modules that are slotted together to form a system. The basic types of modules used are things such as the power supply, the main module containing a CPU, the input module and also the output module. There are also other modules which may be added such as A.C converters. Compared to the unitary PLC, the modular PLC has more inputs, and can also be expanded because the amount of inputs are not fixed. 
[bookmark: _Toc122178643]Advantages of Modular PLC 
Modular PLCs have many advantages to using them over other PLCs. These include things such as: 
· Modular PLCs can hold much more memory than unitary PLCs. This is because the modular PLC can be expanded and the unitary PLC cannot. Modular PLCs have the ability to store a higher volume of information compared to a unitary PLC. 
· Modular PLCs have a greater number of I/0 modules compared to unitary PLC. This is due to the fact that the modular PLC can be expanded, which allows the modular PLC to not be limited with the amount of modules it contains. 
· Modular PLCs also offer the option of customization, as it allows the user to mix and match modules. These modules can be mixed and matched due to the pluggable I/O sections. 
[bookmark: _Toc122178644]Disadvantages of Modular PLC 
Modular PLCs also have a few disadvantages to them. This includes things such as: 
· Modular PLCs only have 1 CPU. 
· Modular PLCs only have 1 power supply. 
· Modular PLCs are also more expensive than unitary PLCs. 

Manufacturers Data 
[4]This is a Mitsubishi FX3U series modular PLC. This PLC in particular has 16 inputs and 16 outputs. This can be expanded if needed. 
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[5][image: ]Here are the specifications of the modular PLC. 
As you can see, this modular PLC has 16 inputs and 16 outputs. However, this can be expanded if needed. 
This PLC has a supply voltage of 100-240V and an output current of 8A. 
The output type of this PLC is a Relay output. 





[bookmark: _Toc122178645]Rack-mounted PLC 
[6]A rack mounted PLC is similar to a modular PLC. A rack mounted PLC is also several modules; however, they will be arranged in rows on a rack or inside a cabinet. On the rack mounted PLC, the modules do not plug into each other, but they connect into a standard communication slot within the rack. All the slots are then connected by a standard network or bus so that they can communicate between each other and with the external systems. This system is also expandable if needed. 
[bookmark: _Toc122178646]Advantages of a Rack-mounted PLC 
There are many advantages of using a rack-mounted PLC over other PLC. These include things such as: 
· Due to the slots being connected by a standard network, or bus, this cuts down the amount of cable used to connect them all together. It also cuts down the amount of cable work needed to install it. 
· The modules are more compact than those on a unitary and modular PLC, which makes them more practical. 
· Rack-mounted PLCs can be expanded if needed, and can also be customized by mixing and matching different modules, like the modular PLC. 

[bookmark: _Toc122178647]Disadvantages of Rack-mounted PLC
There are a few disadvantages to using a rack-mounted PLC:
· Rack-mounted PLCs tend to be the most expensive out of the three types of PLCs available. 

Manufacturers Data [image: ]
[7]Here is the Mitsubishi FX1N rack mounted PLC. This PLC can be expanded up to 128 inputs and outputs. 





[image: ]
Here are the specifications of the rack mounted PLC. 
As you can see, this PLC has an optional number of inputs, starting at 8 and they are digital inputs. 
Also, the output current of this PLC is 2A. 
The mounting type of this PLC is DIN Rail. 








[bookmark: _Toc122178648]Factory I/O Factory Process 
Firstly, a flowchart was produced to give an idea as to how the system would operate once programmed. This flowchart was used alongside developing and programming the Factory I/O Simulation software.  
[image: ]
[bookmark: _Toc122174138]Figure 1- PLC Flowchart
Figure 2- Factory I/O Setup Overview shows an overview of the entire conveyor system, showcasing how it would be setup in real life. However, the may be need for some more security around the system, with it being enclosed in a cage, with indicator lights showing when it is safe to enter etc.  
[image: ]
[bookmark: _Ref122173322][bookmark: _Toc122174139]Figure 2- Factory I/O Setup Overview

Figure 3- Factory I/O Drivers shows all the drivers used on the PLC to control the conveyor. This showcases all the inputs and outputs used, which are then setup as tags within the PLC program for them to be used when required in the PLC program. 
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[bookmark: _Ref122173459][bookmark: _Toc122174140]Figure 3- Factory I/O Drivers
















Figure 4- Factory I/O Panel View shows a panel view, where the PLC would be housed. This showcases the position of the siren to warn to the operators when the system is going through its start up process. It also showcases the position of the first stack light, which will indicate when the system is operating, if there are any warnings or if the system has stopped through alarms or stop button. 
[image: ]
[bookmark: _Ref122173566][bookmark: _Toc122174141]Figure 4- Factory I/O Panel View











Figure 5- Factory I/O Large and Pallet box Layout shows the section of the conveyor system where the large box and pallet boxes are organised. At the top of the image is where the large boxes are organised, and the bottom shows where the pallet boxes are organised. 
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[bookmark: _Ref122173754][bookmark: _Toc122174142]Figure 5- Factory I/O Large and Pallet box Layout
















Figure 6- Factory I/O Small and Medium box Layout shows where the small and medium boxes are organised. This showcases the weigh bridge, where the weight of the boxes will be determined, which will then determine which direction the boxes go. The medium boxes go off to the right, and to small boxes go off to the left. 
[image: ]
[bookmark: _Ref122173851][bookmark: _Toc122174143]Figure 6- Factory I/O Small and Medium box Layout
Figure 7- Factory I/O Warning Light shows the warning light operating when 3 or more errors have been counted for. 
[image: ]
[bookmark: _Ref122174009][bookmark: _Toc122174144]Figure 7- Factory I/O Warning Light

[bookmark: _Toc122178649]PLC Ladder Programme
Below shows the programme rung by rung, with a brief explanation of what each rung is accomplishing. 
Figure 8- PLC Program Rung 1shows the start procedure for the system. Once the start button has been pressed, either on the control panel or the Root screen HMI. This will energise the ‘Operate’ output, which is latched to ensure it stays energised. 
[image: A picture containing diagram

Description automatically generated]
[bookmark: _Ref122165644][bookmark: _Toc122174145]Figure 8- PLC Program Rung 1
Figure 9- PLC Program Rung 2 shows how the scale conveyor is reset when the general reset button is pressed, or if the ‘operate’ output isn’t energised. 
[image: A picture containing timeline

Description automatically generated]
[bookmark: _Ref122166824][bookmark: _Toc122174146]Figure 9- PLC Program Rung 2













Figure 10- PLC Program Rung 3 shows the start-up operation for all the conveyors in the system. To prevent a big current surge on start-up, all the conveyors have a slight delay from each other when starting. This is controlled through various TON Timers. This rung also turns on the green section of both stack lights to indicate to the operators that the system is running. 
A siren is also sounded for two seconds to warn operators that the system is starting up to prevent them any injuries if near the conveyor system. 
[image: ]
[bookmark: _Ref122167232][bookmark: _Toc122174147]Figure 10- PLC Program Rung 3


Figure 11- PLC Program Rung 4 shows how the green and red lights on the PLC panel function. When the system is operating, the green light is brought on by the ‘operate’ output. The red light is brought on when the ‘operate’ output isn’t energised, indicating that the system has stopped.  
[image: A picture containing background pattern
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[bookmark: _Ref122167644][bookmark: _Toc122174148]Figure 11- PLC Program Rung 4
Figure 12- PLC Program Rung 5 shows how the large box is sorted. If the Diffuse sensor 1 beam is broken, which can only be broken by the large box, this will extend pusher 2. The various timers control the ‘speed’ of the pusher, how fast the pusher extrudes and retreats. 
[image: ]
[bookmark: _Ref122168064][bookmark: _Toc122174149]Figure 12- PLC Program Rung 5
Figure 13- PLC Program Rung 6 shows how pusher 1 operates. When the diffuse sensor 2 beam is broken, this indicates a pallet box is on the conveyor, and extrudes pusher 1. The same as the previous rung, the timers control the how fast the pusher extrudes and retreats.  
[image: ]
[bookmark: _Ref122169358][bookmark: _Toc122174150]Figure 13- PLC Program Rung 6
Figure 14- PLC Program Rung 7 shows how pusher 3 operates. If the diffuse sensor 3 beam is broken, which indicates either a small or medium box is on the conveyor, which extrudes pusher 3. 
[image: Chart

Description automatically generated with medium confidence]
[bookmark: _Ref122169801][bookmark: _Toc122174151]Figure 14- PLC Program Rung 7



Figure 15- PLC Program Rung 8 shows how the counts are recorded for each of the different box sizes. The large and pallet box are counted from the pusher engaging, whereas the small and medium boxes are counted from the sensor at the end of their lines. After reflection, the large and pallet box should also be counted from the sensor at the end of their lines, to ensure that boxes reaching the end of the line are the only boxes being counted. If the boxes don’t reach the end of the line, they are still counted as collected even if they are not. 
The memory storages count 1-4 are then linked to count displays on the root screen HMI, so every time pushers 1 and 2 engage, or diffuse sensors 6 and 7 are broken, one is added to the count to their respective count displays on the root screen HMI. 
[image: Map

Description automatically generated with medium confidence]
[bookmark: _Ref122170247][bookmark: _Toc122174152]Figure 15- PLC Program Rung 8
Figure 16- PLC Program Rung 9 shows how the warnings and alarms are brought on. The warning flag is used in the program to bring on the warning indicators, such as the yellow stack light and warning lights on the HMI. The alarm flag and master alarm are used to bring on the alarm indicators on the stack light and HMI and is also used to stop the program when engaged. 
[image: Table
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[bookmark: _Ref122170987][bookmark: _Toc122174153]Figure 16- PLC Program Rung 9



Figure 17- PLC Program Rung 10 shows how the weigh bridge operates. When the diffuse sensor beam is broken, it stops the weigh conveyor for a prescribed amount of time. This is so the weigh bridge can take an accurate reading of the weight of the box, otherwise the weight fluctuates, making it difficult to take an accurate measurement. Once the weight of the box has been taken, the conveyor starts up again to move the box onto the next stage of the conveyor system. 
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[bookmark: _Ref122171203][bookmark: _Toc122174154]Figure 17- PLC Program Rung 10
Figure 18- PLC Program Rung 11 shows how the weight of the box is stored to be used later in the program to determine the direction that the box has to go. This is also used to show the weight of the box on the display within factory I/O. 
[image: ]
[bookmark: _Ref122171567][bookmark: _Toc122174155]Figure 18- PLC Program Rung 11
Figure 19- PLC Program Rung 12 shows how the different boxes are organised through weight. Comparators are used to determine what direction the box has to go depending on the weight given from the weigh bridge. If the box weighs 4.25V or less, the pop-up wheel sorter will change its direction left. If the box weighs 4.75V or more, the pop-up wheel sorter will change its direction to right. 
[image: Diagram
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[bookmark: _Ref122171681][bookmark: _Toc122174156]Figure 19- PLC Program Rung 12




Figure 20- PLC Program Rung 13 shows how the errors are counted for. If pusher 1 engages, and diffuse sensor 5 is broken, then an error will be counted for. This is then linked to the root screen HMI, where the values for the number of errors allowed can be entered before warnings and alarm are set off. 
This is repeated for the various box sizes, which are all monitored individually, making it easier to identify where the problems are occurring. 
The general reset button will reset the error counts, which can only be done through the engineer screen by an engineer. This is done to ensure that the problem has been resolved before the system is started up again, preventing further damage to the system. 
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[bookmark: _Ref122171866][bookmark: _Toc122174157]Figure 20- PLC Program Rung 13









Figure 21- PLC Program Rung 14 shows which warnings and alarms are brought on by the various box sizes. If the error count has been met for the large box warning, this brings on warning 1 on the alarm screen, and the same applies for the alarms. After reflection, this could have been labelled better on the alarm screen HMI, to indicate which warning or alarm has been set off by what size of package. However, this can still be seen on the root screen HMI. 
For the medium and small box errors, a timer has been put in place to prevent the warnings and alarms being brought on prematurely. This was a problem due to this section sorting 2 types of packages at once, so there is potential for a high volume of packages to flow through this section at one time. 
[image: ]
[bookmark: _Ref122172226][bookmark: _Toc122174158]Figure 21- PLC Program Rung 14







Figure 22- PLC Program Rung 15 shows how the yellow and red stack lights are brought on by the warning and alarm flags. When the warning flag is engaged, the yellow stack lights turn on, and when the alarm flags are engaged, the red stack lights are turned on, and the system stops. 
[image: Diagram

Description automatically generated with medium confidence]
[bookmark: _Ref122172559][bookmark: _Toc122174159]Figure 22- PLC Program Rung 15
Figure 23- PLC Program Rung 16 shows the final part of the alarm strategy. As the small and medium boxes are sorted at the same point of the conveyor system, there is potential for a build up of boxes on the weigh bridge if there is a problem in that section of the conveyor system. Therefore, a strategy has been put in place where if the weigh bridge shows more than 7V, indicating two boxes on the weigh bridge at one time, this will trigger the alarm flag bringing the system to a stop. If there are two boxes on the weigh bridge at one time, this would indicate a big problem with the system, meaning an engineer would need to be called to rectify the issue. Only then once the issue has been solved, the system can begin the operate again once all the alarms have been cleared. 
[image: A screenshot of a computer
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[bookmark: _Ref122172676][bookmark: _Toc122174160]Figure 23- PLC Program Rung 16


[bookmark: _Toc122178650]HMI Devices 
[bookmark: _Toc122178651]Root Screen HMI
Figure 24- Root Screen HMI shows the root screen HMI and its features. This HMI contains a start and stop button to operate the system. However, the start button will only start the system if the warning and alarm status indicator lights are showing green. If the alarm status indicator light is showing red, then and engineer will need to clear the alarm through the engineer screen HMI before the system can be started up again. 
There are counters for each of the box, showing how many boxes of each size have passed down the conveyor. There is a reset button above the counters to set the counters back to zero. 
There are also error counters which are monitoring how many errors of each box size have occurred. This can be used to identify where the problems are occurring on the conveyor system. There is a reset error count button, which on reflection should be on the engineer screen HMI. 
There is also a stack light on the root screen, showing when the system is operating if green, if there are warnings if highlighted yellow, and if the system has stopped by the red LED indicating. 
Finally, there are buttons to tab onto the different screens, whether someone wants to access the alarm screen or engineer screen. It would’ve been useful to add some form of access code to get to these screens, to prevent operators from clearing alarms when it should be done by an engineer. 
[image: ]
[bookmark: _Toc122174161][bookmark: _Ref122174343]Figure 24- Root Screen HMI


[bookmark: _Toc122178652]Engineer Screen HMI
Figure 25- Engineer Screen shows the engineer screen and its functions. Here, the number of errors before warnings and alarms activate can be set. A value has to be given to each package size as they are monitored individually. 
There is also simulation buttons, which can be used to simulate a warning or an alarm, to ensure the system is operating as required when these issues occur. 
There is also a master reset button, to reset all the warnings and alarms once the required work has been undertaken. 
Finally, there are buttons to tab between the different screens. The home button goes back to the root screen, and the forward button goes to the alarm screen. 
[image: Diagram
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[bookmark: _Toc122174162][bookmark: _Ref122175017]Figure 25- Engineer Screen








[bookmark: _Toc122178653]Alarm Screen HMI
Figure 26- Alarm Screen shows the alarm screen and its functions. Down the right-hand side shows all the alarms, and the left-hand side shows the warnings. Upon reflection, the warnings and alarms could have been better labelled, to indicate what size box was causing the which warning or alarm. 
There are also buttons that can tab to the other screens. The home button goes back to the root screen, whereas the forward button goes to the alarm screen. 
[image: ]
[bookmark: _Toc122174163][bookmark: _Ref122175473]Figure 26- Alarm Screen














[bookmark: _Toc122178654]Root Screen Operating
Figure 27- Root Screen Operating shows the root screen in operation. This shows how the root screen would function under operating conditions. 
The counters are functioning, showing how many boxes of each size have travelled down the conveyor system. 
The error counters are also counting how many errors of each box size have occurred. With this, it is shown that the warning light has illuminated on the stack light, and the warning status light is also illuminating red. 
[image: Graphical user interface
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[bookmark: _Toc122174164][bookmark: _Ref122175672]Figure 27- Root Screen Operating




[bookmark: _Toc122178655]Alarm Strategy 
To protect the system from damage and to track lost packages, alarm strategies have been put in place at each of the different section for different sized packages. 
Firstly, when sorting the large packages, the sensor 1 beam will be broken which will then trigger pusher 1 to extend. The program is then looking for sensor 2 beam to be broken to indicate the package has reached the end of its line. If the second sensor beam isn’t broken after a pre-determined amount of time, then the system will assume that the package is ‘lost’ or it didn’t reach the end of the line, indicating an error has occurred. This error will then be counted for independently of all the other packages. 
Once 3 Large box errors have been account for, a warning light will be brought on both stack lights, to indicate to the operators that multiple errors have occurred, but the system can continue to operate without causing damage to the system or the packages. This can be seen in Figure 10- Root Screen Operating. 
The operator can then check the root screen HMI which will indicate which packages have errors and how many errors they have. 
If 7 errors have been accounted for, this indicates a build up of issues which could cause a serious issue with the system. Therefore, this will flag up an alarm which will stop the entire system from operating until the alarm is cleared. The alarms can only be cleared by an engineer through the engineer screen after the problem has been fixed or resolved. This is done to prevent just anyone from clearing alarms and running the system when it may still have faulty components or issues and causing more damage. 
This is repeated for the various packages sorted by the system. 
To prevent some of the errors from occurring, some mechanical interfaces to prevent the packages from getting lost or falling off the conveyor. Barriers were added in places were packages could fall off the conveyor. The alarm strategy were incorporated where mechanical interfaces couldn’t. 

[bookmark: _Toc122178656]Conclusion 
To conclude, the application of a PLC control system for sorting box sizes using conveyors was a success. The factory I/O simulation functions as it should, and the PLC program runs as intended. 
The alarm strategy operates as intended, giving the operators an idea as to where the system is malfunctioning by highlighting which box size is failing. The alarm strategy also keeps record of how many errors there have been and where the errors occurred. 
However, that isn’t to say there aren’t improvements that could be made. 
For example, in its current state, the alarm screen is a bit vague. It doesn’t tell the operator which alarm relates to what box size, that is one improvement I would make. 
I would also add some more safeguarding to the system on Factory I/O, with the conveyor system being fenced off. There could also be a door with indicator panel informing the operators when it is safe to enter etc. 
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For Use With FXN Series
Number of 0 14
Manufacturer Series FXIN

Number of Inputs 8 (Digital)

Input Type Digital

Voltage Category 100 > 240 Vac
Output Type Relay

Number of Outputs 6 (Relay)
Program Capacity 8000 Steps
Frogramming Interface Computer
Output Current 2A

Length gomm
Maximum Operating Temperature +55°C

Depth 75mm

Minimum Operating Temperature oc
Programming Language Used Ladder Logic
Dimensions 9090 X 75 mm
Mounting Type DIN Rail

wian somm A .
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