



Summary.
This report has looked at three PLC’s and determined that the Mitsubishi Alpha 2 Logic Module 
 is the most versatile and is the mid-price PLC.
Whilst there are many more PLC’s available, only three were required to be assessed for this report.
As part of the report, a program was created to control a system moving and sorting boxes from a set start point to various end locations, as defined by the size and weight of the boxes.  Errors were included to shut down the system should a problem occur whilst the system is active.
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[bookmark: _Toc81573282]Introduction.

This report will contain two different parts, the first part looking at three different PLC Systems and comparing them to each other. The comparison will be put into a table to evaluate the similarities and difference between the three and easily showing the positives and the negatives to each of them. The second part will then look at building a PLC to control a factory system. The system has been provided on FactoryIO. The factory contains a multiple of different components and aspects that must be considered when building the PLC, including various sizes of belt conveyors, pushers, a conveyor weigh scale, a straight spur conveyor and a pop-up wheel sorter and some diffuse sensors.

1.0 [bookmark: _Toc81573283]Task 1.

A programmable logic controller (PLC) is a computer control system which is used to monitor industrial systems without the need for human input. They are used to control manufacturing assembly lines, sorting lines and many other industrial systems (Advanced Micro Controls Inc., 2021).
As they are so commonly used, there are many brands of PLC’s available. Three PLC’s will now be compared. The three systems being assessed are Siemens PLC, Mitsubishi PLC and Allen Bradley.
The Siemens PLC system has been used to create the controller program for the provided factory simulation. The simulator being used in this is the Siemens S7-1200 PLC CPU - 6 (Digital Input, 2 switch as Analogue Input) Inputs, 4 (Digital Output, Relay Output) (RS Online, 2021). The Mitsubishi PLC and the Allen Bradley being investigated are the Mitsubishi Alpha 2 Logic Module - 8 Inputs, 6 Outputs, Relay, AS-I Interface (RS Online, 2021) and the Allen Bradley Micro810 PLC CPU - 8 Inputs, 4 Outputs, Analogue, Digital, USB Networking (RS Online, 2021). The comparison table is shown below:
	
	Manufacturer series
	Number of Inputs
	Output Type
	Input type
	Number of outputs
	Cost

	Siemens S7-1200 
	S7-1200
	6
	Digital, Relay
	Analogue, Digital
	4
	£218.40

	Mitsubishi Alpha 2 Logic Module 
	Alpha 2
	8
	Relay
	Analogue
	6
	£161.40

	Allen Bradley Micro810 
	Micro810
	8
	Analogue, Digital
	Analogue, Digital
	4
	£102.24


Table 1 – Comparison Table
It can be noted that there are a wide variety of PLC’s on offer which can be vastly different from each other. The three PLC’s being looked at are all more cost-effective versions of larger PLC’s, however there is a large variance in price between the three.
Two of the PLC’s have eight total inputs, however one only has six. The Siemens PLC has two inputs that can be changed from a digital input to analogue, the Allen Bradley PLC has both digital and analogue inputs to choose from whereas the Mitsubishi PLC has only analogue inputs. Two of the PLC’s have four outputs; however, the Mitsubishi PLC has six total outputs meaning that it is the most versatile of the three as it can control more components in a system. 


2.0 [bookmark: _Toc81573284]Task 2.

Below in figure one is a basic layout of the conveyor system being used in Factory IO to simulate the PLC. This will break down each stage of the process and explain what happens to the box traversal.
[image: ]
[bookmark: _Toc81508625]Figure 1 – Conveyor Floor Plan.
Firstly, once the start button is pressed, the siren sounds and the first 6m conveyor energises.
The emitter then releases boxes onto the conveyor. There are four different types of boxes that it is capable of emitting, large boxes, medium boxes over 4kg, medium boxes less than or equal to 4kg and small boxes. As the boxes travel down the conveyor, they pass through various diffuse sensors which are shown on the diagram by the red lines crossing the various conveyors.
Once a large box breaks the first diffuse sensor, a pusher is actuated when the box has moved to the centre of the pusher. The box is then pushed to a separate 4m conveyor. The box then travels along to a separate 2m conveyor, which eventually leads to a remover to take the box off of the factory system. If a large box hits the second diffuse sensor on the first 6m conveyor, the system registers it as an error and the entire system shuts down until the error has been fixed. Once the problem has been fixed, an engineer must hit the reset button on the HMI Screen.
If the emitter produces a medium box, it passes beneath the first two diffuse sensors as they are set at a specific height for the large boxes. The medium box will eventually reach the third diffuse sensor which actuates the second pusher to send it onto a 2m conveyor.
It eventually reaches a diffuse sensor above a weigh scale conveyor. This pauses the box traverse on the weigh scale so that the medium box can be weighed. Once this has been weighed, it is moved on to a pop-up conveyor. This sends the box either straight on or down the spur conveyor depending on its weight. If the package is above 4 kg, it goes down the spur conveyor. If its 4 kg or below, it carries on straight. Both tracks lead to removers. If a medium box should pass the pusher, a fourth diffuser sensor is used to register it and error is flagged. This again shuts down the entire system.
If a small box gets emitted, it passes under all four of the previous diffuse sensors and follows the 6m diffuse sensor all the way to the very end and hits a fifth diffuse sensor and a curved belt conveyor. Once the diffuse sensor beam is broken, it triggers a counter to register how many small boxes make it to the remover of the small box.


An operational flow chart of the process is provided below:Send Box straight across
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[bookmark: _Toc81573287]Root Screen.

[image: ]Below in figure two is a screenshot of the root screen being used within this PLC simulation. [bookmark: _Toc81508626]Figure 2 – Root Screen.

There are four total buttons, four Counters and two indicators being used in tandem with each other. These are:
	Start Button – Used to start the PLC program.
	Stop Button – Used to stop the PLC Program.
	Emergency Stop – Used to stop the program in an emergency.
Warning Indicator – A pilot light that illuminates red when a warning is registered on the program which is also connected to the Warning and Error Screen.
Error Indicator – A pilot light that illuminates red when an error is registered within the system. The program will immediately shut down if one occurs. This is also connected to the warning and Error screen.
Large Box Counter – this is a counter that increases in single increments whenever a large box passes through a sensor.
>4 KG Counter – this is another counter set after the pop-up wheel sorter to register when a 4 KG box passes through it.
<=4 KG Counter – this is like the >4KG counter, however, it sorts the box in a different direction which activates a different sensor and in turn, a separate counter.
	Small Box Counter – this counts any small boxes that pass through its dedicated sensor.
	Counter Reset – this reset all the counters back to zero whenever it is pressed.

[bookmark: _Toc81573288]Warnings and Errors

[image: Timeline

Description automatically generated]Below in figure 3 is the Warnings and Alarm screen.[bookmark: _Toc81508627]Figure 3 – Warnings and Alarms Screen.

This screen is dedicated to flagging any warnings or errors that may occur when the PLC is running, this can be due to different reasons as can be seen in figure 3.
Should an error occur in the system, it immediately shuts down. This can happen whenever the emergency stop button is pushed, whenever a box goes past its intended destination or when too many boxes have fallen off the conveyors. 
Warnings differ from errors as the entire system does not shut down if a warning is flagged. These warnings have been set up to count the boxes and ensure that they complete their traversal of the conveyor. With each box that does not complete its movement, a light will change from green to red. Once more than two warnings have occurred, an error is triggered shutting down the entire system.


[bookmark: _Toc81573289]Warning Screen.

[image: Table

Description automatically generated with medium confidence]
Whenever multiple warning or errors of the same type have been triggered and shuts the system down, the issue is resolved by an engineer having to physically act to remove the cause. This screen is used to reset the system:
The screen contains three buttons, one to return directly to the root screen, one to go back on to the warning and errors screen and one to reset the system. This screen is mainly for safety purposes to ensure that the problem has been resolved and the system can safely be restarted.




2.2 [bookmark: _Toc81573290]PLC program.

[image: Diagram

Description automatically generated with medium confidence]This section looks at the PLC used to control the FactoryIO system.  It contains screenshots of the program and has annotated notes explaining the lines.
This network connects the PLC to the Factory IO simulation.


This network begins a timer for 500 milli-seconds before the siren is sounded.
When the start button is pushed, Run Active is begin. There are two normally closed contacts that are activated when the stop button is hit, or an error is signalled.

[image: A picture containing graphical user interface

Description automatically generated][image: ]
This is like the previous network; however, it is set for the second pusher and the second sensor.
This network actuates the pusher after the diffuse sensor is triggered. The pusher is activated after 600 milli-seconds.
This network starts a 2m belt after 2550 milli-seconds after Run Active.
The second 6m conveyor begins after 2050 milli-seconds after Run Active starts.
The 6m conveyor begins 1550 milli-seconds after Run Active is set.
The first 2m conveyor begins as soon as a timer of 1050 milli-seconds after Run Active begins.

[image: Diagram
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Description automatically generated]
Ready 1 begins a 1000 milli-second timer which then triggers the reset of Ready 1 and sets the conveyor sale.
As soon as the diffuse sensor in this network is activated, the conveyor scale is reset. Rady 1 is then set after 1000 Milli-seconds.
The pop-up wheel sorter starts 500 milli-seconds after Run Active 2 is Set
This network set the conveyor scale as soon as Run Active 2 is set.  
Network 10 begins the belt conveyor after 3050 milli-seconds of Run Active being set. It also begins Run Active 2.
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Description automatically generated]
The conveyor scale is activated after 1000 milli-seconds of Run Active 2 beginning.
This is where the weight of the box is checked against a weight store and sets the Ready 2 for it to be used.
This network is where the box weight is defined and sorted in the correct direction. If the box is <= to 4 Kg, the pop-up sorter sends it straight on as that is the defined perimeters. If it is > 4 Kg, it sends the box right.

[image: Diagram
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Description automatically generated]
This brings all of the errors together in a byte so that they can trigger the error master
A 2m conveyor begins after 3000 milli-seconds of run active starting. 
This diffuse sensor counts every small box that passes through it. 
A 2m conveyor begins after 3000 milli-seconds of run active starting. 
Similarly to the previous two networks, a belt begins running after 2550 milli-seconds. 
This network begins another belt after the 2000 milli-seconds of Run Active 2 Starting. 
A second belt conveyor begins to run after 1550 milli-second after Run Active 2 is set.

[image: Table
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Description automatically generated]
Connects all the errors to the error master
This connects the third error to a components in the factory.
Both network 25 and 26 are connecting the error flags and warning flags to the error master and the warning byte.
These are connecting both of the first two errors to components in the factory.
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[bookmark: _Toc81573291]Conclusion.

This report set out to compare three different PLC’s and to create a factory system controlled by a PLC.  When comparing the three PLC’s, there were no significant differences between them, however the small differences have shown that the Mitsubishi Alpha 2 Logic Module is more suitable for multiple purposes than others due to it being able to hold more inputs and control more outputs whilst being the mid-price PLC of the three compared.
The Siemens PLC program has a total of 32 networks containing a wide range of functions to actuate different aspects of the system including weighing boxes, sorting boxes to correct locations and an error system which shuts the system down, if flagged.
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