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Factory design
I started designing my factory based on the design we were given in our task specification. This included the placement of two machining centres at the start of the process with two metre belts with emitters on distributing green raw material into the machining centres. The machining centres would then each create a component (base or lid) and then place it on the other side as a machined part where it was taken down two belts towards two sets of clamps. As the part approached the clamps,  two diffuse sensors were activated telling the clamps to close. Once both of these clamp positioners had seen its clamped signal, a pick and place that was placed on the side of the belt, picked up the lid and placed it upon the base which then connected them both together.  After they were connected the clamp would release the finished part allowing it to move along the system. Once the part moved towards the end of the belt it would activate another diffuse sensor which stopped the belt in which the part was on. This belt stayed on stop until the pick and place that was at the end of the system picked up the finished part and placed it into a box that was on a rolling conveyor. The belt would then restart for the next part to come down. Once two finished parts had been placed into the box, the rolling conveyor would start removing the completed batch off the rolling conveyor and placing a new empty box  to replace the full on.
[image: ]
This is my Factory IO design, the two machining centres can be seen either side of the factory which then feed onto the two 2m belts, I then have roller wheels on the corner of the two belts in order help the movement of the base and lid onto the next belt. The two 4m belts then lead to the clamps where the base and lid are clamped in position to be picked and placed on top of each other. The finished part is then moved down the final 4m belt where it is clamped again and picked up and placed into the box on the rolling conveyor where the rolling conveyor will take it into the remover. 
Process flow diagram
[image: ]
Ladder logic programming
As I created my ladder logic I created PLC tags to link to components of my factory in order to make them operate, I also was able to link them to signals in order for me to time my operation correctly.



[image: ]

[image: ]
I began my code by ensuring I had opened the blank project template were provided with in order to be able to connect it with Factory IO with no issues. In network 2, I wrote the code to be able to link my stop and start button to the operate command. This would then allow me to stop and start the entire system correctly and simultaneously.

[image: ]

Network 3 and 4 were then coded in order to allow my machining centres to operate correctly and under the correct timescale. In network 3, I wrote the code to allow the emitters to stop emitting raw material when my machining centres were busy  to stop any build-up on the conveyor belts leading to the machining centres not being able to operate.  In network 4, I wrote the code in order to allow the machining centres to make the bases and lids. 
[image: ]

In network 5, I wrote the code which allowed all my individual components to operate when the operate command was given. This included all belts which were given  delay to allow for the siren and stack lights to operate prior to starting. This was to ensure that all of my belt started at the exact same time and didn’t start until the warning siren went off and the stack light changed from yellow and red to green. 
[image: ]


Network 6 began the code to operate the clamps and pick and place. This section of code told the positioners to both clamp as soon as the diffuse sensor was activated.  
[image: ]

Network 7 began to include the instructions for the first pick and place, in this network, I wrote a time pulse in order to reset both clamp when operate was given. This would also reset the pick and place to its original position if it was stuck etc. 

[image: ]
In Network 8, I created a both clamped signal so that when both clamps had a position clamped signal, the sequence could then move on without issues.
I then began to start writing the code to operate the first pick and place in Network 9:

[image: ]
[image: ]
I started this network by only operating the pick and place when the “both clamped” signal was given this then ensured that the sequence would only move on once two parts (base and lid) were clamped in position awaiting connection. I then used a series of time pulses and timer on functions in order to time the movements of the pick and place, this then ensured the pick and place would extend, then drop to pick up the part, come back up and move across to the base and then drop again to connect the two parts. Any faults in the timing would cause the movement to be incorrect. 
[image: ]
Network 11 and 12 were use in order to stop the belt with a finished part on and also to stop the box on the rolling conveyor at the correct spot.  The rolling conveyor would start on the operate and then stop when the box reached the diffuse sensor which stopped it in line with the conveyor belt ready for the finished part to be placed inside. When diffuse sensor 3 is activated the 4m belt in which the finished part was on would stop in order to allow for the pick and place to pick it up correctly in the correct position. 
Prior to this network, I coded the pick and place 2 that was at the end of the system using a similar code to the first pick and place,  this allowed me to pick the finished part up correctly and place it in the box
[image: ]

[image: ]
My diffuse sensor 3 was then given a timer so that the belt would be able to “set” or restart, this therefore gave the pick and place enough time to pick up the part before the belt restarted for the next part to come down. I then added a counter for diffuse sensor 3 which counted the finished products coming down the final 4m belt. 
[image: ]
After doing this, the specification for this task is that I required a batch of two finished parts to be removed at the same time. So, for this, I linked a timer with rolling conveyor and the counter, therefore allowing me to be able to have two finished parts in the box before the rolling conveyor restarted removing the box, this is because I set it up to work in multiples of two. 
[image: ]
I then created the counters for the components of the part, this would later be added to my HMI and allow me to measure for alarms and warnings if parts failed to meet the diffuse sensor. For this, I placed two new diffuse sensors just after the machining centres each side, this way, it gave the part enough time to fall off the belt before it was counted allowing my data to be more correct as a part could be counted and then fall off the belt later in the process. 


[image: ]

I also created a batch counter in order to count the number of finished batched I had created, this allowed for me to understand when to stop the system if there was a number of batches I had to create etc.  This was done through the placement of a diffuse sensor on the end of the rolling conveyor by the removed in order to counter the box of finished parts before it was removed.
[image: ]
At the end of my ladder logic, I wrote the code to allow me to give signals on my HMI which would stop the system if need be. For example, if the number of bases was higher than the amount of lids, then I would be given a base warning, this therefore tells me or the operator that there is a fault in that area of the factory that needs fixing. 
HMI Interface 

[image: ]
I began the design of my HMI screen via the creation of the HMI tags. These were the tags I required in order to link them to the signals, buttons and counters on my HMI. They are also linked to a PLC tag which then connects to Factory IO allowing me to then control my factory via the HMI. I wrote the tags for the warnings and alarms for the HMI, the warning and alarm numbers which are placed on the engineer screen, my counters which are on the root screen (base counter, lid counter and product counter), my reset counters button and e-stop. 

[image: ]
As previously mentioned, I created warnings and alarms for my factory in the case of something going wrong in the production process, for example, if the machining centre stopped making lids I would then get a lid warning upon my HMI screen which would tell the operator watching the interface to check that area of the factory for faults. Once, they had checked the system for faults, the warning could be reset by resetting the counters on the engineer screen, this will then reset any warning signal given on the HMI and allow for a fresh start. However, if there was an alarm on the system the alarm master would be given as well as the individual alarm which cannot be reset through the use of the reset counters button. The operator would be required to go through a more in depth check of the system and then the alarm can only be reset through the use of the master reset on the engineer screen, which in industry would only be able to be reset by the qualified engineer on site.  This is because something could be causing the alarm that the operator may not be aware of. Any of these alarms will also stop the entire system in its place, allowing the engineer and operator to carry out their checks. If the operate command is given with the alarm master still showing on, the system will not restart. 

[image: ]
This is the root screen of the HMI and is the main operator interface. I installed a start and stop button to the root screen which is linked to the “operate” command. The E-stop will stop the system entirely and also give the “E stop” signal on the warning screen. This can only be reset through the use of the master reset. I also included all main counters onto this screen, this will tell the operator how many parts are being made and when to stop the system if they have a specific number of batches to make. The counters include, a lid counter, a base counter, a finished part counter and a finished batch counter. 
[image: ]
This is the engineer screen, this screen is used for measuring the amount of faults required in order to signal an alarm or warning. Prior to work start the operator is able to set the limit of faults before a warning or alarm is generated therefore when the signal is given if the faults occur, the operator understands the amount of faults that has occurred and also what part due to the warning and alarm signals. This HMI screen also has the reset counters and master reset  button on it and should only be accessed by the engineer.  This is because they are the only people who should be able to reset a system after a major fault. 
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