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2.Introduction.

This report by Barrie John looks at the control technologies used to automate a factory layout that is used to manufacture two components. Firstly, a base and secondly a lid, these components will then be assembled and boxed. This will Include a layout of the factory along with the programmable logic used to run it. The report will also investigate the ladder logic used in the PLC programme and HMI devices used to operate the machinery. Two programmes will be used in this task, Factory IO and siemens TIA “Totally Integrated Automation (TIA).



 3.Task 1.
This task looks at a factory layout required to complete the required task. This includes two machining centres. Transfer conveyors, pick and place arms to allow for stacking and sorting and a conveyor system for packing of the completed components.
Firstly, machining centres are used to machine the raw material into the required parts.
What is machining?
Machining is manufacturing process that involves removing materials to shape a material into a desired shape. This is done using cutting tools to get rid of any unwanted material. Normally a large piece of the material is used to start. This process can also be performed on some existing part such as a casting. (Engineering Articles, 2022)
Figure 1 below shows the type of machining centre used in the factory layout.
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                                                                                                                                                                    Figure 1.
In this factory layout there are two machining centres used. One for the machining of the boxes and one for the machining of the lids.
The machined parts are then transferred using conveyors to the pick and place units that are used to combine the lids and boxes.
What are pick and place units?
Pick and place machines are widely used in modern day manufacturing facilities. Pick and place automation allows for a repetitive process to be sped up and increase production rates. Another bonus of pick and place robots are that they free up human operators to complete other tasks. (Allen, 2022)


Figure 2 below shows the pick and place units used in the factory.
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                                                                                                                                                             Figure 2.


Once assembled the components are transferred to the packing station where another pick and place stacks them into boxes and transferred to the off-load station.







Figure 3 below shows the whole factory layout.
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                                                                                                                                                                    Figure 3.
The factory layout is designed with the optimum process flow in mind.

What is process flow?
Process flow is a sequential series of steps that are taken to achieve a give business process. This includes conditional logic to ensure that all potential situations are taken into account. (Jon Giltin, 2022)


Why have a process flow?
There are two key elements to a process flow.

1. To help explain how a process works – this allows you to demonstrate the flow of work using an illustration.

2. To help improve a process – this allows you to trial different process flows to see if the current process can be improved.







Figure 4 below shows the process flow chart foe the factory.
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                                                                                                                                                                    Figure 4.
By using factory IO to develop the factory it allows for different combinations to be trialled to achieve the best process flow to complete the process.


4.Task 2
Task 2 looks at the ladder logic required to programme the factory IO software.

What is ladder logic?
Ladder logic is a programming language that is used to program a PLC (Programmable Logic Controller). PLC language uses ladder diagrams to set out logic operations to create a logic circuit.
Ladder Logic is a simple and effective way to create logic expressions that a PLC can use to automate repetitive machine tasks. It can be used in many different industrial automations. Examples of tasks where ladder logic is used include....

· Conveyor Systems.
· Pallet stacking systems.
· Lubrication Systems.
· Package Conveying and Sorting.
· Batching systems. 
· Sorting and Labelling systems.
· Pressure Control. (Ladder logic world, 2021)

Ladder logic used in factory IO.
To link the ladder logic needed to operate the factory with the PLC programme tags are used to identify each component used in the production lines.

What are PLC tags?
With any type of programming language, having programme versatility is important. Having the ability to name a created memory (Tag) and give it a location gives tag-based controllers an advantage. (Automation Direct, 2022)
Figure 5 below shows a typical PLC Tag library.
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                                                                                                                                                                    Figure 5.


The ladder logic used to operate the factory IO software included the following steps....
· An operate function - This allows for the start, stop, and reset of the factory.
· A timer function – This allows for machinery, conveyors, parts feeding and offloading to be controlled at set times.
· Sensor commands to activate pushers – This allows for the correct positioning of the lids and boxes.
· Programming to sort lids and boxes – This enables the lids to be places onto the boxes.
· Programming to count the boxes – This allows to keep count of the completed boxes produced.
· Programming to track for error counting – This allows to track any components that fall off the conveyors during production.
· Re-set functions – This allows the factory production line to be reset following a error or breakdown.
· Safety functions (E-Stop) – This is a key element that allows the production lines to be stopped instantly should a safety issue arise.


Below is a list of the logic blocks networks used.

1. Main PLC Network function.
2. Operate function – Start / Stop and Alarm.
3. Conveyor Operate block – Starts conveyors.
4. Machining centre block – starts first centre.
5. Machining centre block – starts second machining centre.
6. Clamping timing block – Timing for clamping lids and boxes.
7. Clamping and pick and place block – timings for clamping and placing lids on boxes.
8. Clamp set block – timers for setting clamps.
9. Pick and place 1 block – operations for first pick and place.
10. Roller conveyor block – function for roller conveyor movement.
11. Pick and place 2 block – Operations for second pick and place.
12. Roller conveyor timer block – timer for movement of boxes.
13. Box load block – counts completed boxes loaded.
14. Total count block – record the total number of boxes loaded.
15. Lid error block – records the number lid of errors.
16. Lid alarm and warning block – allows operator to set limit of errors.
17. Base error block – records the number of base errors.
18. Box alarm and warning block – allows operator to set limit of errors.










Below Figure 6 shows an example of the PLC blocks in the programme.
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                                                                                                                                                                   Figure 6.

5.Task 3
Task 3 looks at HMI screens.
What is HMI?
A human-machine interface (HMI) is the user interface that allows the operator to connect to the machine controller. 
An HMI control will include an electronic component to enable signalling and controlling automation systems.
HMIs are usually used with Windows-based machines, that can communicate with programmable logic controllers (PLC) and other controllers. (Wigmore, 2022)

[bookmark: _Hlk116147115]There are three main HMI screens used in the programme.


1.Root Screen
The root screen is the main screen on an HMI system. This includes the following functions.
· Start / Stop buttons.
· Emergency Stop button
· Reset function
· Counts for products completed
· Error counts
· Buttons to navigate other screens

Figure 7 below shows the Root screen used.
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                                                                                                                                                                    Figure 7.
2.Alarm Screen
The alarm screen has the following key aspects.
· Warning lights to show dropped lids and boxes.
· Alarm lights to show the dropped lids and boxes have reached the set maximum.
· Alarm light to show the E-stop has been activated.

 
Figure 8 below shows the alarm screen used in the HMI.
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3.Engineering screen
The engineering screen has the following key features.
· An engernier re-set that allows for the screen to be locked out so only approved personell have access.
· A counter re-set function.
· Max limit set function to control the number of errors allowed.

Figure 9 below shows the engineering screen used in the HMI.
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                                                                                                                                                                     Figure 9.


6.Conclusion

After reviewing the previous tasks it can be seen that PLCs and HMIs can be a useful in a wide range of operations not just manufacturing.
PLCs allow for porcesses to be programmed where boundries can be set to ensure all the work is completed within a defined way following a set pattern of events.
Programming of a PLC follows a logical approach to complete a simple or complex task. In this particular task timings of the pick and place units and the clamps are a key element.
HMIs make it easy for humans to interact safely with the machines and can control the peramiters whithin any changes can be made.
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@ startbuton Defaulttag table  Bool %I16.0 ~ ~ ~
<@  stopbutton Defaulttag table  Bool %I16.1 ~ ~ ~
@  4mbelt Defoulttagtable  Bool %Q16.0 ™ - ~
@  curvedbelt Defaulttag table  Bool %Q16.1 ~ ~ ~
@ 2mbekt Defaulttagtable  Bool %Q16.2 ~ ~ ™
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@  wamningd Defaulttag table  Bool %M200.0 ~ ~ ~
@  warningl Defaulttagtable  Bool %M200.1 =) - =]
@  waming2 Defaulttag table  Bool %M200.2 ~ ~ ~
@  waming3 Defaulttag table  Bool %M200.3 ~ ~ -
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