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Abstract
To enable a factory to run successfully and repeatably, PLC’s are generally used. This report shows the journey and explains the routes that were taken to make this factory run successfully and safely.
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Programmable Logic Controllers (PLC’s) are a central processing unit able to perform in many types of environments, hot, cold and/or wet for example. A PLC is like your home PC or workstation but can execute roles and programmes which a PC is unable to.
PLC’s are critical in the manufacturing industry and are a system of a Supervisory control and data acquisition system commonly known as SCADA.
A PLC is programmed to the users’ individual needs and can perform not only the task itself but also record and store data, alert of any warnings and can shut down if a serious error occurs. PLC’s are also capable to be reprogrammed/updated to suit any development upgrades. This also allows factories to remain competitive (Muthukrishnan, 2021).
This report shows how a factory programme was designed and programmed. There is a brief description of each rung and an explanation of the safety strategy that was used.
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Industry around the world has become very competitive. The demand for high quality products at a reasonable price has made Original Equipment Manufacturers (OEM’s) to invest in better, quicker ways of working while keeping the standard of product high. 
‘Industrial Automation’ is the most significant result in high production that reduces the product value but keeps the high-quality standards (ELECTRICAL TECHNOLOGY, 2020).
There are two main categories that PLC’s fall into: Compact PLC’s (Fixed PLC), and Modular PLC’s (Rack-Mounted). The main difference between the two is the output on a compact PLC is configured by the OEM whereas the modular can have as many as required and added when necessary (Chaudhari, 2021). Compact PLC’s are used when it is designed to carry out one job only and repairs are expensive (if they can be repaired at all!), whereas the modular can be designed for many jobs and can be repaired with ease (Gilbert, 2014).
	

	Compact (Fixed) PLC
	Modular (Rack-mounted) PLC

	Quantity of inputs & outputs are set
	No arranged inputs or outputs

	Limited use of PLC
	Unlimited use of PLC

	Difficult to repair
	Ease of maintenance / repair

	Low memory
	Memory can be upgraded to suit the required performance.

	Cheap
	Can be expensive depending on the complexity
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Below is the flow chart that was used to design the factory layout. This showed a visual concept of what was required for the factory to work. The below figure is the programme running without errors.
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This figure is the flow for the warning and error if the box volume is close or exceeded it limit. The maximum limit can be pre-set via the HMI screen. 
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The below figure shows the error / warning flow.
	[image: Chart

Description automatically generated]


[bookmark: _Toc81572760]Figure 4 Warning & Error flowchart
[bookmark: _Toc81572751]Alarm / warning strategy

Alarms and warnings are an important strategy within PLC programming writes (Romanov, 2021). It alerts the operator of any anomalies in the operation, whether it is a missed process or lost product or malfunction. This strategy will allow the operator to stop the equipment safely.
The alarm and warning strategy for this report are based on ‘best practices’. Through the ladder logic, the errors and warnings will be on a separate rung of the ladder. This enables the programmer to easily identify the logic. These errors and warnings will require resetting after they have been triggered and the problem identified. The alarms will have different alerts such as yellow flashing lights for a warning and red lights with a siren for the errors, the system will also stop. Again, after the error and the automated machine has shut down, the problem needs identifying and resolving before manual reset can be performed (Romanov, 2021).

The alarm strategy that used for this report prevents any person entering the area while the conveyors are in use. To ensure the operators are safe the factory is enclosed within a fenced boundary. There are safety gates that are alarmed so if the door(s) are opened during the cycle the factory will shut down and alarms will sound to notify there is an error.
There is an emergency stop on the control panel only! this is because it is advisable and best practice to ensure the emergency stop is a physical hardwired switch and not controlled by the HMI/software.
There are two types of alerts applied to this programme.
1. Warning: This is used to alert the operator if the quantity of boxes are near to their limit.

2. Error: Used to stop the factory when the safety gates are opened, the boxes have reached the maximum capacity, or the emergency stop has been activated.


There is a warning siren at the start of the process to alert personnel that the factory has started, there is a delay on the conveyors, so they only start after the siren has stopped.
The warnings will activate stack lights and warning lights in the factory and show on the HMI. The HMI screen will show the area of the warnings/errors to enable the operator to identify where the problem exists.
If there is an error activated, red lights and sirens are activated. There are several lights and sirens, this is to alert wherever any personnel are around the factory that there is a major problem.
Within the ladder programme every rung starts with ‘Run Active’. This is to ensure that as soon as the factory has stopped, whether in an emergency or only stopped, that there are no signals getting to the function of the factory. This prevents the moving parts from moving during or after the stop has been activated. 
The below figure is the command used in this factory. All commands are kept to one rung to make it easier for the programmer to identify areas of the programme such as: error and warning, conveyors, pop-up sorter etc.
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The below figure is the programme I developed with a brief description of each of the rung within the ladder.
	Network
	Description

	1
	Enables Siemens TIA Portal to connect to factory IO

	2
	Ladder programme to start the factory via the control box or HMI. Green stack light and push button on the control box illuminates to notify factory is good and running. Also, this is where the safety programme is initiated. If the e-stop or safety gates are activated the programme will not run until all safety contacts are reset. When the factory has stopped or an error has been activated the programme with stop and the red light on the stack and push button will illuminate red.

	3
	This rung enables the e-stop and will only activate the factory when it has been reset.

	4
	This rung enables the safety door 0 and will only activate the factory when it has been reset.

	5
	This rung enables the safety door 2 and will only activate the factory when it has been reset.

	6
	Siren will sound for 500ms before power is switched on to the conveyor belts.

	7
	Start the conveyor belts. Timers are added to start the conveyors at regular intervals. This is to prevent a power surge when the factory is initially activated.

	8
	When a large box passes the sensor, it sets the pusher to activate and pushes the large box on to its designated conveyor. The sensor is situated only to recognise the big boxes.

	9
	When the medium boxes pass the sensor, it sets the pusher to activate and pushes the medium boxes on to its designated conveyor. The sensor is situated only to recognise the medium boxes.

	10
	Conveyor scale is activated 200ms after the start button has been pressed.

	11
	50ms after the conveyor belt is activated the pop-up wheel sorter is activated. It also starts 'Ready 2' for further commands down the rung.

	12
	Once the po-up wheel sorter is activated it activates the conveyor belts associated with it.

	13
	Once a medium sized box passes sensor 0 the conveyor scale stops after 400ms to weigh the box, after 500ms the conveyor is energised, and the weight is stored and sent to 'Ready 2' for the pop-up sorter.

	14
	The weight is sent via 'Ready 2'. If its lighter than 4.2 the pop-up sorter sends the box straight on. If the box is heavier than 4.8 but lighter than 6.0 the pop-up sorter will change direction to guide the box on to the right-hand conveyor.

	15
	When weight has been measured it is recorded and sent to the pop-up sorter.

	16
	When the large box passes sensor 3 it is identified on the CTU command. There is a warning to alert the operator that it is close to the maximum permitted volume. 
The warning flag is activated which initiates the warning lights in the factory and on the HMI screen.
When the boxes have reached its limit (can be pre-set through the HMI) the error alarms sound and the lights illuminate, and the factory shuts down.

	17
	When the medium light box passes sensor 4 it is identified on the CTU command. There is a warning to alert the operator that it is close to the maximum permitted volume. 
The warning flag is activated which initiates the warning lights in the factory and on the HMI screen.
When the boxes have reached its limit (can be pre-set through the HMI) the error alarms sound and the lights illuminate, and the factory shuts down.

	18
	When the medium heavy box passes sensor 5 it is identified on the CTU command. There is a warning to alert the operator that it is close to the maximum permitted volume. 
The warning flag is activated which initiates the warning lights in the factory and on the HMI screen.
When the boxes have reached its limit (can be pre-set through the HMI) the error alarms sound and the lights illuminate, and the factory shuts down.

	19
	When the small box passes sensor 6 it is identified on the CTU command. There is a warning to alert the operator that it is close to the maximum permitted volume. 
The warning flag is activated which initiates the warning lights in the factory and on the HMI screen.
When the boxes have reached its limit (can be pre-set through the HMI) the error alarms sound and the lights illuminate, and the factory shuts down.

	20
	When an error is identified, this rung is activated to alert the operator and turn the stack light red.

	21
	When a warning is identified, this rung is activated to alert the operator and turn the stack light yellow.

	22
	When an error is identified, this rung is activated to alert the operator and turn the stack light red and shut the factory off.
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As mentioned, manufacturing is an ever-growing competitive industry. This enables a healthy competitiveness between al manufacturing industries. This report has allowed me to experience the complexity of programming a PLC.
Programming has many languages, but I have used the ladder logic process as it is quite simple in its own way to visualise each step.
My knowledge of working in manufacturing has helped me understand the critical requirement of safety, not just the product but for our safety. These machines are strong and dangerous so there is a legal requirement to ensure there is a safety strategy and it works without fail.
The report shows the programme and the flowchart that I used. The flow chart was a useful tool to use as it highlighted issued that needed resolving during the programming.

Below are some images of the HMI screens that were developed.
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[bookmark: _Toc81572764]Figure 8 Error / Warning screen (on this screen you can pre-set the counters)
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