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Abstract
The following piece of  is the second part of the Control Technology module. It has a 50% weighting of the overall module.
The assignment looks at a factory scene in factory IO.  There are 2 machines that start the processes, 1 machine produces lids and the other machine produces bases.  The lids and bases are sent down independent conveyor belts. The conveyors come to a stop and a pick and place is used to place the lid onto the base , the completed parts are released down a conveyor belt until they reach another pick and place that then packs 2 of the units into storage boxes. The factory scene has an alarm strategy that will notify of any warnings and errors that may occur in the production process.
The ladder program has working HMI system of multiple screens enabling the start and stop of the process along with counters displaying the number of parts and lights that are triggered by sensors to  alert when parts have passed.  
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[bookmark: _Toc103775912]Introduction

The factory scene below which can be found at https://www.youtube.com/watch?v=ZIAdX0JeShg has been set out so that 2  machines produce a different part, 1 produces a lid and the other produces a base. The 2 parts come out of their relevant machines after production and are sent down their own conveyor belts. Using a pick and place the lid is picked up on the y axis and moved along the x axis and positioned onto the base. The combined parts are then sent down a conveyor belt and placed 2 high into shipping boxes. A ladder program written in TIA Siemens has been produced to enable the factory I/O to work.
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PLCs, or programmable logic controllers, are a type of computing device used as an industrial controller. They are controlled by instructions programmed in a programmable language and run on a microprocessor.  PLCs were invented in the 1960s and were used by General Motors to replace the banks and all the hard wiring which would have been required for the existing relays. (Patel , 2018)
Popular programming methods include ladder logic, sequential function charts, and instruction lists. External devices can communicate with the PLC through RS-232 or Ethernet. PLCs can also be managed remotely because serial connections have a maximum distance of 50 feet and ethernet has a maximum distance of 328 feet. Binary coding is used to transport data. The information is stored in the American Standard Code of Information Interchange (ASCII). A sensor or a limit switch is used as an input device by the PLC. The signal is then processed.  (Boisset, 2018)
PLCs are increasingly used in more than just industrial automation; they're used in household appliances like washing machines. They were originally designed to regulate traffic light sequences, but they've since found use in medical and farming equipment. PLCs can be adjusted to fit any application and exist in several sizes. Some are branded as pocket PLCs due to their compact size, while others are not.    (Patel , 2018)
The most common PLCs are of two types. There are two types of PLCs: fixed and modular.
The term "fixed PLC" refers to the fact that the PLC's number of inputs and outputs is fixed, and the inputs and outputs are built into the microcontroller. The fixed PLC is small and simple since the number of inputs and outputs cannot be increased. If a fault occurs and a new component is required, the entire fixed PLC must be replaced.        (Ridley, 1997)
The system can be expanded using modular PLC by adding more input and output modules.  The essential communication as well as the power supply are all independent modules. The finished PLC will likely cost more than a fixed PLC. In industry, modular PLCs are used to extend input and output choices while still using the same controller, resulting in a more centralised system. This is a cost-effective way to replace a single item because just the module needs to be replaced.
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Siemens S71200 ladder logic programme was used to programme the factory scenario. The initial network has the functionality to allow the PLC to interact. The software for ladder logic is included.
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Fig.  2 Start- up 

The start button is a normally opened input,  and this is in series with a normally opened stop button  and emergency stop. Output is a memory that is defined as operate  and this is latched on when the start button is pressed. 
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Fig.  3 Reset
A reset has been added into the program to enable both pick and place to go to their off states in the x and z axis and for the gripper to off. The clamps that are used to stop the lids and bases are all on the reset and these need to be in the off or reset state for the factory to run. A memory %M200.1 has been used and called “both in position” when this is a normally closed and the sensors are triggered the clamps are activated therefore are set and clamp the bases and lids in position
[image: ]
Fig.  4 Clamping 
Another memory %M200.2 “lid captured” has be used .When both in position is open and the lid captured isn’t then the pick and place set the Z and the grab, so the pick and place moves down and grabs the lid.
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Fig.  5 Pick and place
The counters that are used in the program are all CTU and are triggered when bases or lids pass diffuse sensors. The count is named and added to the PLC tags. The memory “reset counters” is used in all the counters and this is linked onto the reset counters button on the HMI.
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Fig.  6 Counters
The bases are emitted from machine 1 and the lids are emitted from machine 2 both parts are counted along the production line, they are placed on top of each other and are then counted as one part.
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Fig.  7 Factory in operation

[bookmark: _Hlk69889271]The following flow chart shows how the production line should flow.
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Fig.  8 Flow chart


The above flow chart has been drawn so the process has a graphical representation. (Quain, 2018)
The process starts with the start button that activates the belts. The alarm siren will sound, and the green light is turned on. Bases and lids are emitted and both machines turn on. The bases and lids come out of the machines and go down conveyor belts. They reach the clamps where they are stopped and held in position. The pick and place pick up the lid and moves it onto the base. The clamp raises and the complete unit moves down the conveyor belt. The complete units are stopped by another clamp and a second pick and place picks up the units and places them on a new conveyor. 
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HMI stands for Human Machine Interface, that are used as the operating panel to control and monitor automated processes. (Cope, 2018)
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Fig.  9 Root screen
The home screen also known as the root screen enables the operator to control the factory with start and stop buttons and emergency stop that overrides everything.  There are pilot lights that turn on to show that parts have been passed into machine 1 and machine 2. Counters are all displayed to count the boxes entering and leaving both machines. There are pilot lights that are linked to sensors on the conveyor belt that indicate if a lid or a base have passed by and a pilot light that is linked to a sensor to indicate if a lid and base combined has passed through. Counters are also set up one is initially after the lid and base has passed through the rising clamp and the other is further down the conveyor belt. There are a indicators that light up if a warning or error have occurred these are also button that when pressed enable the operator to go onto another screen which has the warnings and errors. The final button on the root screen is one that resets all the counters.
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Fig.  10  Warnings and errors screen
The warnings error screen is what the operator gets directed to after pressing either the warning or errors button on the root/home screen. There are 3 warnings and 3 errors that when activated display the corresponding light. The lights are just indicators to highlight what the problem is, the lights cannot be turned off at all from this screen. There is a button with an arrow pointing to the right that when pressed will send the operator onto an engineer’s screen. The home button when pressed will send the operator back to the root/home screen.
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Fig.  11  Engineers screen

The engineer’s screen is the final screen in the HMI, it is the screen that the operator gets sent from after checking the warnings and errors. It is from this screen that the warnings and errors are reset. The only other buttons are a home button that takes the operator back to the root/home screen and a button with a arrow pointing to the left that take the operator back to the warnings and errors screen.
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An alarm strategy is needed and should be used with all automated systems for safety prevention and to monitor the process.  (Kleijn, 2019)
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Fig.  12 Root screen in use


An alarm strategy has been designed into the program and will alert the operator through pilot lights that indicate a warning or an error. The warnings and errors are triggered off by using sensors and counters. The above screen is taken from the factory I/O during its operation and has examples of the counters working and the warning light is illuminated. Any errors or warnings that are triggered will not rectify themselves but will need intervention to reset . (Romanov, 2022)



The warnings that have been programmed into the ladder are all to do with overproduction. The warnings lights will be activated with the program running as normal. The number of bases and lids to be produced are set to a limit of >5. When either of these counter count over 5 then the warning flag will be turned on at the root screen and when the warnings and errors screen is activated the overproduced lids or overproduced bases lights are turned on. The total number of parts , which are lids and bases combined has a limit of >8. When the counter counts over 8 then the warning flag and the total exceeded lights are turned on. 
The warnings have the data type of byte with the address %MB402 and the warnings are of the data type Bool that are contained in the byte. The byte is set to <> 0 so if any of the warnings are activated, that is go to a 1 then the warning flag is turned on.

[image: ]
Fig.  13 Warnings byte
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Fig.  14 Warning lights


There are 3 errors that have been programmed into the siemens ladder. These can only be activated with the user forcing the issue and causing the error. 
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Fig.  15 Error 1
The sensors that count the lids and bases that are initially emitted are activated at the same time. If either a lid or box is manually pulled off the factory scene by the user, then an error will occur. This will result in a problem further down the production line with the pick and place becoming out of sequence and ultimately the line getting jammed.
The alarm for error alarm will get activated and the red light on the stack will turn on. The error flag on the root screen will be light up along with the error light on the warnings screen. This will replicate what happens in  real life if a lid or base is lost and not fed into one of the machines.
[image: ]
Fig.  16 Ladder for error 1 

The second error can be achieved by the user stopping a lid or box before they go through the sensor that is after the machines. These sensors count the lids and bases that have gone through the machine process. If the base is dragged off the conveyor before it goes through the sensor after the machine and the base goes through the sensor after the other machine, then the error flag on the root screen is highlighted along with the error on the warnings screen. 

[image: ]
Fig.  17 Error 2 
This will replicate what will happen in real life if one of the machine doesn’t output or a base or lid gets lost.
[image: ]
Fig.  18 Ladder for error 2 

The third error is linked to the lids and bases arriving to the sensors just before the clamps that activate the pick and place. If a base is dragged off the conveyor belt and a lid is kept on, so the lid triggers the sensor by the clamp then an error occurs.

[image: ]
Fig.  19 Error 3 and light 

 The error flag on the root screen is highlighted and the error light on the warnings screen is turned on. This will replicate what will happen in real life if a base gets lost during production.
[image: ]
Fig.  20 Ladder for error 3 


[bookmark: _Toc103775917]Conclusion

Initially the factory operation meets the requirements the machines start up and output the bases and lids. These are sent down the conveyor belts and are stopped by clamps and the pick and place. The lids are picked up from their conveyor belt and then moved over to the conveyor belt with bases and fitted on top of them. The clamp raises and the completed part is sent down the conveyor belt to another pick and place. It is at this stage that the completed parts should be picked up. There is a problem with the pick and place and the factory production stops when the pick and place resets on the z axis, this could be down to the timings of the pick and place sequence or the memory operation that is used. 
There are improvements that could be made to the Siemens ladder program to improve the factory. The Warnings are programmed with a warning byte and the warnings are all stored as bits within that byte. So, any bits that are not 0 will turn the warning byte on and ultimately give a warning light. The way the errors are programmed should be the same way using a byte to contain the error bits, this wasn’t possible as the errors need to be introduced by the operator to mimic the effect and it was causing other issues. The errors should also be linked to a master error that in real life will stop the line/process until it is reset. 
There is a problem with the warning flag on the root screen. It is lit up to show there are warning, however when it is pressed it directs the user to the warning and error screen so the user can check and then reset on the engineer screen. However, the warning light stays on until it is pressed again.
The emergency stop button or E-stop will only stop the factory if the user double presses the emergency stop button. This could be overcome by having the actual stop button moved onto a different ring of the ladder program. 
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