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Introduction
“Programmable Logic Controller, more popularly known as PLC, is a digital computer without a mouse or a keyboard, or a monitor. Programmable Logic Controller (PLC) focuses on automating different electro-mechanical processes taking place in various industries. It has specially designed and implemented controllers with a well-programmed microprocessor that are immune to extremely high and low temperatures, humidity, dust, etc.” (PLC?, 2022)
A PLC is a primarily a small computer that can control all types of processes from mechanical to electrical usually used within industry.  A majority of PLC used today are modular, there are many other PLC’s such as fixed/Compact, unitary and rack PLC’s also. This report will detail a literature review to a mixed sort of PLC’s currently used in current industries and the pros and cons of each discussed. Discussing Factory IO task of creating a moving conveyor that loads and unloads to certain size boxes (large, small, medium, pallet). Conducting a Ladder logic program, incorporating a HMI device and being able to control using several screens with navigation to error/warning and engineering screens.

Literature Review
There are numerous types of PLC’s currently being use in today industry such as Fixed/Compact, Modular, rack, and Unitary PLC’s with some having more benefits than others in todays industries. Therefore Fixed/Compact have a single case, numerous modules. It has a fixed number of I/O modules and I/O cards. Fixed PLC “it does not have the capability to expand the modules.” (2022) This is therefore decided by the manufacturer. “Typically designed to perform basic functions.” (Gilbert, 2022) Understanding that there is not much scope to carry out complex tasks within large industries that require a complex system operated. ”flawless execution of every component.” If this is not deemed to be carried out there can be large number of issues within the operation that can cause failures this can cause loss of production in industry is a large factor and production is key. 
 Modular PLC “known as rack-mounted units, consist of bases allowing for many independent components” (Gilbert, 2022) can allow for numerous I/O modules. More used in today’s current industries. “the rack could have extendable Input/output module capabilities. The PLC has a power supply module, I/O modules, and a CPU module that are plugged together in the same bus.” (Types of PLCs, 2022) With this the components tend to be from the same manufacturer and then can be added to at later dates. This allows for constant upgrades to suit growing industries. Modular PLC’s can be further divided into small medium and large PLC’s “based on the program memory size and the number of I/O features” (Thorat, 2022) The allen Bradley is a commonly used PLC “handle between 23 and 40 inputs and outputs.” And the actual number of connections can be expanded as required by adding modules. Unitary PLCs are a very simple style of PLC “basic system components within a single housing” (Aries, 2022) they are usually attached directly to the device it is controlling. Allen Bradley also creates these for business that require smaller scale work. Rack PLC systems are almost identical to modular systems “a modular PLC connects to the base unit directly, a rack mounting PLC keeps each module separate.” The rest of the rack modules are connected via a network this allows for large builds to be less cluttering and untidy. (Programmable Logic Controller (PLC) Types and Applications | CHINT Blog, 2022)


Fixed/Compact

	Pros
	Cons

	Cheap
	Unable to expand, must replace

	
	Unable to add new functions must add new PLC

	
	Limited Memory

	
	Hard to repair



Modular

	Pros
	Cons

	Can Expand as required
	Expensive

	Can add extra modules as required
	Harder to diagnose

	Larger memory
	Takes up space 

	Easy to repair can change parts as required
	

	
	



Unitary

	Pros 
	Cons

	Suitable for small and medium businesses
	Limited function

	Compact and simple
	Poor interfaces

	Portability and easy access
	Limited memory and data types

	
	



Rack

	Pros
	Cons

	Expandable memory
	Initial costing

	Removeable cards
	

	Very efficient
	

	
	











FactoryIO
Below you can see images of a conveyor belt system that I have created using the components within FactoryIO the system can sort a range of package sizes small, medium, large and palletized size boxes using a range of sensors and other techniques to be able to sort the boxes into the correct unload areas.
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Operational Flow Chart
Underneath is an operational flow chart of the conveyor system that was created within FactoryIO this then details the conveyors and the sensors and pushers, pop up wheel sorter, the conveyor scale, emitter and removers that were used. 
[image: Diagram
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Ladder Logic
To create a Ladder logic using the system siemens TIA16 I Started by opening the main body and creating a function that would allow me to connect to FactoryIO this allowed both systems to connect with each other to be able to run the system. I could then go on to write the ladder logic.

[image: Graphical user interface, text, application, email
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Within Network 2 you can see the written of the main concept of the program to start and if needed stop the program and operate the system but if anything would occur in the program that was not suppeosed to then the alarm master would alert and stop the program.

[image: A picture containing graphical user interface

Description automatically generated]

Network 3 details all the conveyor systems in place and timers and when they should start which corresponds back to network 2 when the system is started.
[image: Graphical user interface, application
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Description automatically generated][image: Diagram

Description automatically generated with medium confidence]


Network 4 was written too alert within the factory when the conveyor is starting by a siren and then followed by stack lights that show amber when it is about to start alongside the siren, green when the conveyor starts up and finally a red light which shows when the conveyor is stopped. Attached also in the network is another set of stack lights that run the same but are linked to the HMI screen that I will discuss furthermore along the report.
[image: Graphical user interface, application

Description automatically generated]
Network 5 tells if there is a warning when starting the program and the conveyors begin to start if there is anything wrong then the warning will show.
[image: A picture containing shape

Description automatically generated]
Network 6 allows notification if any alarms are set off and can return to the HMI screen for information.
[image: ]
Network 7 is the program for the first pusher in the system and tells the pusher when to push by using the timer that is inputted that can be seen below. 
[image: ]
Network 8 controls the second pusher and is activated from difuse sensor 1.
[image: ]
Below in network 9 it shows that when the difuse sensor 2 is activated the conveyor scale will be started and once gone through the conveyor scale will restart until another box goes through the sensor.
[image: ]
Network 10 takes the weight of the box when the box is on the scale.
[image: ]
Once the weight has been found network 11 was written for the box that is being measured on the conveyor scale, when the weight of the box is defined then the program will tell the conveyor to go left or right small boxes to the left and medium boxes to the right.
[image: ]
Network 12 has been created to count all the boxes that travel through the conveyor this means that every time a box o any shape goes through difuse sensor 3 then it will add 1 to the total count this can also be found on the HMI screen.
[image: ]
Network 13 evolves around the individual counters that can be seen on the HMI screens also. Alongside the counters there is a number of errors also that are picked up and updated in the HMI screen if there is any errors in the program. Below shows the program to count the large box errors and also how many large box goes through the counter. When the large box goes through the counter it is then taken away from the errors as it has completed its task.
[image: ]
Below is a repeat of the above but for the small boxes.
[image: ]
Another repeat for the medium boxes.[image: ]
Lastly a error and counter for the pallet sized box.
[image: ]
Finally the final part to the programme network 14. Within this network the program allows in the HMI screen to be alerted if there is an error as if there is an error it will set off the Alarm for each different sized box dependant on which occurs an error on the line.  
[image: ]
[image: ]

HMI Screens
Below is a HMI screen that corresponds with the HMI tags below. This is the main screen that contains a start and stop button function, red amber and green light to mimic the stack light in FactoryIO. There is a count total, large box count and errors, medium box count and errors, small box count an errors. Finally pallet box count and pallet box errors. The screen also contains an E-stop that can be used to stop the whole process as and when needed. Red squares that light to warning / error. There is a navigation button top right that can take you to the warning screen. [image: ]
Below is the warning screen that the above can navigate to and from the warning screen can be navigated to the home screen and to the engineering screen. On this HMI page the warn with the green circle alongside light up when there is an error on that specific warning. E.g. warning 1 is for large box errors. When two lights are lit then the factory will stop until the warnings and alarms are reset. These are all tagged to the HMI table that is connect to the PLC table. The alarm master can only be reset by the engineer on the engineering screen that is shown below. 
[image: ]
















Below is the final screen, The engineering screen this shows what values are alongside each size box. Also on the screen is the reset for the counters If required to restart counting the boxes. The master reset for the HMI screens alarms and warning lights are also located on this engineering screen. To navigate out of the engineering screen pressing the home button will take you back to the main control HMI screen.
[image: ]
Below is a list of My HMI tags that were used alongside my HMI screens to allow the sync between the ladder logic PLC tags and the HMI screens. To use these select the option of what function to use on the HMI screen and then going into the properties and allocating the tag that  correspond with the correct function.
[image: ]
[image: ]


Conclusion
To conclude the main aspects, understanding the types of PLC’s in the current industries with the advantages and disadvantages of each coming the reasons in the tables above.  Following by a write up on what steps were followed to create a factory conveyor system in Factory IO and create a ladder logic programme that can be used to run the Factory using SIEMENS system.
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[KTP700 PN] » HMi tags ) Default tag table [40

Default tag table
Name Data type Connection | PLCname. PLCg Address Access mode Acaquisition cycle |Source comment
@  Aemo Bool HA_Conne... || PLC_1 “e stop” |~ <ymbolic access> v 15
@  Aami Bool HMI_Connectio... PLC_1 “Alarm 1° symbolic access> 1s
@ Aam2 Bool HMI_Connectio... PLC_1 “larm 2* ymbolic access> 1s
@ Aam3 Bool HMI_Connectio... PLC_1 “Alarm 3° ymbolic access> 1s
@ Aeme Bool HMI_Connectio... PLC_1 “Alarm 4° ymbolic access> 1s
@ Aams Bool HMI_Connectio... PLC_1 “Alarm 5° ymbolic access> 1s
@ Aems Bool HMI_Connectio... PLC_1 “Hlarm 6° ymbolic access> 1s
@ Aermriag Bool HMI_Connectio... PLC_1 “Alarm Flag® ymbolic access> 1s
@ Alarm Naster Bool HMI_Connectio... PLC_1 “Alarm Master” ymbolic access> 1s
@ Greenlight (1) Bool HMI_Connectio... PLC_1 “Green light(1)" ymbolic access> 1s
@ Large boxcounter Uint HMI_Connectio... PLC_1 “Large box counter” ymbolic access> 1s
@ Large Boxermors Ut HMI_Connectio... PLC_1 “Large Boxerrors” ymbolic access> 1s
@ Large boxwarning alarm Ut HMI_Connectio... PLC_1 “Large boxwarning alarm” ymbolic access> 1s
@ Large boxwarning set Ut HMI_Connectio... PLC_1 “Large boxwarning et ymbolic access> 1s
@ Medium boxcounter Ut HMI_Connectio... PLC_1 “Medium box counter” ymbolic access> 1s
@ Medium boxerrors Ut HMI_Connectio... PLC_1 “Medium box errors™ ymbolic access> 1s
@ Medium boxwamingalarm  Uint HMI_Connectio... PLC_1 “Medium boxwerning al. ymbolic access> 1s
@ Medium boxwarning Set Ut HMI_Connectio... PLC_1 “Medium boxwarning Set” ymbolic access> 1s
@ operste Bool HMI_Connectio... PLC_1 operate ymbolic access> 1s
@ ralletboxcounter Uint HMI_Connectio... PLC_1 “Pallet Boxcounter” ymbolic access> 1s
@ ralletboxerror Ut HMI_Connectio... PLC_1 “Pallet boxerror” ymbolic access> 1s
@ ralletboxwarning alarm Ut HMI_Connectio... PLC_1 “Pallet boxwarning alarm* ymbolic access> 1s
@ ralletboxwaming set Ut HMI_Connectio... PLC_1 “Pallet boxwarning set” ymbolic access> 1s
@ redlight(1) Bool HMI_Connectio... PLC_1 “Red light(1)" ymbolic access> 1s
@ resetcounters Bool HMI_Connectio... PLC_1 “reset counters™ ymbolic access> 1s
@ smallboxcounter Uint HMI_Connectio... PLC_1 “Small box counter” ymbolic access> 1s
@ smallboxermor Ut HMI_Connectio... PLC_1 “small boxerrors” ymbolic access> 1s
@ smallboxwarning alarm Ut HMI_Connectio... PLC_1 “small boxwarning alarm® ymbolic access> 1s
@ smallboxwarning set Ut HMI_Connectio... PLC_1 “small boxwarning set” ymbolic access> 1s
@ totlcount Ut HMI_Connectio... PLC_1 “total count” ymbolic access> 1s
@ waming FLAG Bool HMI_Connectio... PLC_1 “warning Flag" ymbolic access> 1s
@ wering Bool HMI_Connectio... PLC_1 warning0 ymbolic access> 1s
@ weming! Bool HMI_Connectio... PLC_1 warning1 ymbolic access> 1s
@ weming2 Bool HMI_Connectio... PLC_1 warning2 ymbolic access> 1s
@ wemings Bool HMI_Connectio... PLC_1 warning3 ymbolic access> 1s
@ wernings Bool HMI_Connectio... PLC_1 warnings ymbolic access> 1s
@ wemings Bool HMI_Connectio... PLC_1 warnings ymbolic access> 1s
@ wernings Bool HMI_Connectio... PLC_1 warnings ymbolic access> 1s
@ weming? Bool HMI_Connectio... PLC_1 warning? ymbolic access> 1s
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