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Introduction
“Factory I/O is a 3D factory simulation for learning automation technologies. Designed to be easy to use, it allows to quickly build a virtual factory using a selection of common industrial parts.” (Games, 2022) Using Factory IO to create a scene with certain industrial parts to control a factory system which manufactures two parts, a base and a lid whilst stacking them two high and placing them in a shipping box once complete. Alongside the factory been tasked to write a ladder logic using siemens TIA “Totally Integrated Automation (TIA) is an open system architecture and has been enabling the seamless interaction of all automation components, the software involved, and higher-level systems and services since 1996.” (2022) Using this software to create a Ladder logic, HMI screens for operator interaction, a fault and warning screen which can display alarms and warnings. Followed by an engineering screen which has data entry point and a reset point for the system created. Following on the creation of this detailed in this report will be an explanation to the factory created on factory IO alongside an operational flow chat to show the factory. An alarm and warning strategy and the parameters of each. A copy of the ladder logic program, with a brief of each operation within the ladder logic. Followed by a small conclusion to conclude the work carried out to date.

Factory IO
Below you can see images of the factory created which is completed and made up from emitters, Alarms with sirens and lights, belt conveyors of various sizes, two clamping systems, two machine centres, numerous diffuse sensors, 2 grab machines which can pick and place, start and stop panel and finally a rolling conveyor. With all these components I then went away and completed my factory which is in the images below the machines at the beginning receive a lid and a base and they get placed in the machine and the pick and place with collect and place onto the conveyor once it has been through the machine. The conveyor then brings the lid into one clamp and the base into a separate clamp, the clamps then close and the lid is picked up and placed on the base using the first grab machine. Once together the clamps will then loosen and the base and lid together will carry on down the conveyor and stop at the end at a diffuse sensor. The final grab machine will the come out and pick the lid and base up and place into a box that moves along the moving conveyor the box will be filled with two sets of bases and lids and then move along the receiver. The next box will then move along the conveyor and be filled. This process Is repeated until the whole factory is stopped.
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Operational Flow Chart
Underneath is a operational flow chart showing all components and process of the machine system that was created within Factory IO the scene can also be seen in the above images.
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Ladder logic
Creating a Ladder logic using the system siemens TIA16 was started by opening the workplace up and creating a function that would allow me to connect to Factory IO this allowed both systems to communicate with each other to be able to run both ladder logic and factory.  The first network is below.
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Network 2 consists of setting up the buttons start and stop to allow the system to operate when the buttons are pressed.
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Network 3 is where the above ‘operate’ commands all of the conveyors to start up in a sequence as can be seen below by their names. Once all of these have started up the process in the factory can begin. 
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Within network 4 below it is written for the main machine centre to start when the machine centre is busy the emitters will begin to emit one emitter will emit a base and the other will emit a lid. These will then enter the machines. Network 5 is closely the same as the machine centre will carry out its task and place on the conveyor once has been in the machine this is the same for both lid and base.
[image: Graphical user interface

Description automatically generated with medium confidence]
[image: Timeline

Description automatically generated with low confidence]
Network 6 when the base and the lid has finished in the machine and gets placed on the conveyors the base comes to one clamp and the lid comes to a second clamp this is triggered by a diffuse sensor on each conveyor and the clamps that they come to are set with timers and they will set up ready.
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Within Network 7 below it shows the clamp settings and this is for once the base has hit the clamp and also the same for the lid they will then close and once closed it will signal to the first grab machine to reset its position. 
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Now that they have set and closed once they have both closed there is then a timer in place to allow 2 seconds for the both clamps to show clamped ang give the signal for this.
[image: ]
Network 9 ladder logic describes the first pick and place as you can see when the both clamps are clamped it will then operate and pick up the lid and place onto the base in the timely manner that is shown below it will come down and grab the lid then raise and move along over the base and then down and secure it and raise back up and reset ready for when the next set of lid and bases come through the conveyor system. Once the lid is placed on the base the positioner clamps are raised and this allows for it to move on the process. The clamps will then reset ready for the next lid and base also. This is all set to timers for each step of the process this is shown by the PT and each further down the logic you go the longer till that movement occurs.
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Network 10 logic is to start up the rolling conveyor for the box at the end of the process to be filled by the grab and move on to be unloaded. This happens when the base and lid are together and travelled down after the clamp positioner raises to the diffuse sensor 3 and the sensor then sets the rolling conveyor to start 7 seconds after breaking the sensor.
[image: ]
Network 11 is in place for the final pick and place and this is all commenced from diffuse sensor 4 this will set off the final grab machine and is all set up on timers. Firstly the grab will come out and then come down and grab the box created by the previous, next it will be raised 300 milli seconds later and return to its start state. The grab is then commanded to lower down and release the grab, this will then release the box created into the shipping box moving that has stopped on the rolling conveyor. The grab will then reset to its start position and then restart the belt. 
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Below is to allow the belt conveyor 2 to restart once diffuse sensor 4 is broken after 8 seconds.

[image: ]
Below in network 13 is where I have started to use counters. This counter is to cound the number of box that the final grab machine picks up once this is linkied to the diffuse sensor. Once the grab has placed 2 box in the packaging box and raised the rolling conveyor will then restart and be unloaded at the receiver.
[image: ]
Network 14 shows the total count that has passed through the diffuse sensor four. You can see this below as it shows I am using a counter and they are linked to my HMI screens which will be further down the report.
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Network 15 below is the error and lid count for all the lids. This begins at diffuse sensor 1 and once the lid goes through and is trigger it will pick up an error and once passes through diffuse 4 it will subtract one away. This is then repeated for the lid counter which will show in a HMI screen that it has seen a lid go through diffuse sensor 1 and add to the count. Also this number can be reset as can be seen by using the ‘reset product counters’.
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Here you can see when a lid error is accounted for this will sound a warning and also sound alarm 1. 
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Below is network 17 this decribes the counters for the bases. Below shows when a base travels through diffuse sensor 2 it will increase 1 base error but when it passes diffuse sensor 4 it will then decrease back to show that there was no error and it has met both sensors. This can be reset on the HMI screen using the button ‘reset product counters’. The second is for the total count of bases that pass through diffuse sensor two and this number is stored in the HMI screen.
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The final network below is written for the base errors and when a error is saved and stored in the HMI screen and picked up on in the process warning 2 will be triggered alongside alarm 2 and this can be stopped or fixed and then reset using the HMI Screens that will be discussed below in the HMI section.
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HMI Screens 
Below is the first page of my HMI screen a HMI screen is a human machine interface where the process can be controlled for a screen. Which can be seen below. Within the screen is a start and stop button. A reset button with a pilot light to show when triggered. Next to this a emergency stop button that will override the process and stop when pressed. Navigation to the Alarm screen and Engineers screen is also possible from this main screen which is known as the root screen. As spoken about in the ladder logic the total count, lid count, base count, lid error and also base error are stored on the Root screen and as the process is ongoing a live representation of numbers will be shown on the HMI. 
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Underneath is the Alarm screen which is navigated to from the root screen. From here navigation between all screens is still able. As you can see from the loader logic written with the errors it can highlight below the alarms and warning. This is shown below off both lit up and underneath not lit up. If the lights show then there is an alarm set this then requires the alarms reset on the engineers screen.
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Below is the final screen which is the engineers screen and on here you can see the value for lids and bases how many times they have been set off as +1 is added each tim they go off. On here navigation back to the root screen is possible. On this screen a reset on the counters is possible and also a master reset which will reset all the values in the process. 
[image: Graphical user interface, application
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Conclusion
To conclude the above is written on what steps were followed to create a factory conveyor system within Factory IO and then alongside create a ladder logic and a HMI screen that can be used to run the process that was created using the SIEMENS system.
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