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[bookmark: _Toc108259764]Introduction 

Siemens software can be applied to help simulate a number of processes within the engineering industry. An example of this could be to imitate a production line to see if it is able to run effectively. This report will be based around using ‘Totally Integrated Automation portal’ by siemens to run packages through a set of conveyors on another platform known as ‘Factory.io’. The aim is for the boxes to reach their required destinations, furthermore be defined by size and weight. Factors such as current number of packages and any lost will be taken into consideration.  

[bookmark: _Toc108259765]Literature review

Within engineering there is a number of software available to help solve problems. The text states “Programmable logic controllers (PLCs) were developed in the 1970s in order to replace hard-wired relay logic.”, Hahn & Edgar (2003). This implies that PLCs are a step forward from hard-wired relay logic. “Relay logic is all about wiring up Relays for Logical Switching applications.”, Ryan (2017).  This suggests that PLCs is used to form logic operations in order to control engineering processes or systems. 
There are different types of PLC. The text states “The 3 distinct types of PLC architecture available for use in industrial automation are known as fixed, modular and distributed.”, PLC architecture and types: with comparison table (2021). This infers that they all have different roles in performing logic operations. 
“Fixed I/O actually stands for Fixed ‘Input/Output’.”, Phillips (2019). The fixed type of PLC may allow for every input and output to be controlled by the manufacturer. This would mean that the number of inputs and outputs cannot be expanded, making this type of PLC used for basic functions.
The blog states “Modular PLCs, known as rack-mounted units, consist of bases allowing for many independent components.”, Gilbert (2014). This entails the opposite of fixed PLCs, meaning that the number of inputs and outputs can be expanded, allowing for more complex functions. 
“Distributed PLCs are used for large factories and large processing facilities because they are not limited to physical location.”, What is PLC architecture? (2019). This suggests that this type of PLC has a high volume of input and output, additionally that they can utilise high speed communications due to being able to be set apart from each other. 
PLCs have a wide range of use with a number of applications. “PLCs are often the brains of modern BOP control systems. A blowout preventer, or BOP, a large specialized unit is used to prevent an oil spill from occurring.”, What are PLCS? (2021). This implies that PLCS are used within the oil and gas industry to monitor levels such as pressure, moreover if anything is going wrong. An example of this could be an oil spill. 
From looking further into the different types of PLCS, a table can be made based around the pros and cons of each one. With that being said, the following tables will be biased in terms of opinion. 


	Fixed PLC

	Pros
	Cons 

	Smaller physical size makes it take up less space
	Limited input/output functions

	Quicker and easier to set up compared to other types
	Only suitable for basic applications 

	Low costing 
	



	Modular PLC

	Pros
	Cons 

	Large number of inputs/ outputs 
	Much more costly than a fixed PLC

	Able to process more complex applications 
	Larger physical size makes it less space efficient

	 Space for more potential expansion
	



	Distributed PLC

	Pros
	Cons 

	High performance processor
	Mounting system is much more complicated

	Can handle large amounts of complex process control tasks
	Very costly compared to other types of PLC

	Even large number of inputs/ outputs compared to modular PLC
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The image above shows the layout made on Factory.io. This scene consists of the following:
· One start, one stop and one emergency stop button to start and stop the process.
· Two sets of lights to indicate the process is either stopped or ongoing.
· One siren to alert the operator that the process is about to begin.
· One power box with the above mentioned fitted onto it.
· One ‘input’ function to load the packages onto the conveyor.
· Four ‘remove’ functions to remove the packages.
· Nine conveyors to move the packages. 
· Two pushers to sort the packages.
· Eight diffuse sensors to help sort the packages, as well as track quantities.
· One conveyor scale to determine the weight of the packages.
· One digital display to show the weight of the package currently on the conveyor scale.
· One pop up wheel sorter which is going to be used to sort packages onto different conveyors. 
Using the apparatus stated above, a scene has been made with the goal of being able to distribute packages from one point to another, with them being sorted by size and weight. 
A flow chart can be made in order to breakdown the process of the scene into steps. For this scenario, two have been made regarding the different package sizes. 


































The small and medium boxes are taken on a similar route, except they are sorted by size and weight towards the end of the conveyor. It is important to note that the procedure for lost packages is the same as the large boxes, therefore it does not need to be added below. 
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[bookmark: _Toc108259768]The final type of package being moved is known as a ‘palletizing’ box. The following flow chart shows how it travels. Once again the error procedure is the same, so it has not been included.
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Ladder logic used 

[image: A screenshot of a computer
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The first network of the ladder logic consists of setting the start and stops for the operation. It has been set in a way so that the ‘stop cycle’ as well as ‘Alarm (main)’ can stop the cycle at any point. The difference is that ‘Alarm (main)’ is set as an emergency stop for reasons mentioned later on in the report. 
[image: ]
A siren will sound when ‘operate’ is active, alerting the operators that the operation is about to begin. 
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Each conveyor then activates one at a time, with a slight delay in between each one. 
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The next section consists of activating the lights when in a specific place of the operation. The yellow light is on when the siren is sounded. The green light is active when the first conveyor is moving, symbolising the start of the operation. Finally, the red light comes on when the first conveyor stops, showing that the operation has stopped. 
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The main warning and alarm are set here in preparation for any possible errors occurring within the operation. 
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The diffuse sensors within the scene are used to detect oncoming packages. They are linked to a pusher to activate when a package goes through one. This moves the boxes onto a new conveyor, also sorting the large from the small and medium. 
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The next sections of the ladder logic are based around preparing to separate the small and medium packages. They move onto a conveyor scale, where they stop temporarily. They are then weighed with a digital display showing the weight of each package.
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Network 11 involves using the pop-up wheel sorter to arrange the packages by weight. The direction is determined by a set range of weight, furthermore if the weight is in between ‘3’ and ‘4.5’, the package will be moved to the left, where it will go onto a final conveyor. 
[image: ]
Next, the number of each package is being recorded on the root screen. There is a total number, as well as individual numbers as shown in the following network.
Network 13 is programmed in a way so that each size package can be recorded, also any individual errors. This is done mainly around the diffuse sensors used. 
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The final section of the ladder logic consists of the warnings and alarms for each type of package. The number until there is a warning, as well as an alarm is set manually by the engineer. This is also linked to the lights on the warning screen. An example of this is if the warning is set to five, then five lost packages would result in a warning light activating. The same can be said for the alarm, with the difference being that the operation will come to a stop, requiring the engineer to reset the system. 
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An alarm has also been set when a specific number of packages has been reached.

[bookmark: _Toc108259769]HMI devices 

HMI devices are an additional asset used with PLCs. The article states “Human Machine Interaction (HMI) has the most general definition. It describes how we as humans interact with machines.”, Cannan & Hu (2011). This implies that HMI devices are used alongside PLCs to help carry out operations. An example of this could be within the simulation used within this report, furthermore linking the factory.io with the ladder logic to create a more realistic replication of a real-life scenario.  
[image: ] 
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“HMI Tags are the preferred way of communicating between the HMI and field devices in most cases.”, Romanov (2022). This infers those tags are used to help carry out tasks within the HMI. From looking at the image above, it can be seen that there are a number of tags assigned to the warnings and alarms. The following images show what the screens would look like for this scenario, moreover where some tags are used. 
[image: ]
On the warning screen it can be seen that there are a number of lights which correspond to a specific issue. The HMI tags are used here to activate the light within the ladder logic to alert the operator that something is going wrong.
[image: ]
For the root screen, an HMI tag is used to help the scenario operate. It is assigned to the green button chosen on the screen. Features also on the root screen consist of the number of each package, furthermore the total number. Similarly, there is a number of errors for each type of package.
[image: ]

The final screen shown is the ‘engineer’ screen. Here various actions are taken place. The first is that the ‘warning’ and ‘alarm’ numbers can be set manually by the operator. When the emergency stop activates, it can be reset here. The numbers of each package are also able to be reset on this screen. 

[bookmark: _Toc108259770]Conclusion 

To conclude, a factory.io scene has been made based around sorting packages by size. It has been programmed through the means of PLC tags, HMI tags and ladder logic to allow the scene to operate. The HMI implementation consists of three screens known as ‘root screen’, ‘warnings’ and ‘engineer’. From here, the report was started. This gave a literature review in relation to PLCs, additionally a table giving the pros and cons for each type of PLC (within my own opinion). Next, multiple flowcharts were created in order to breakdown the processes the packages go through. Finally, the ladder logic and HMI interfaces were discussed. 
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