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[bookmark: _Toc81562766]Introduction
In this assignment I will be looking at PLC’s currently used in industry and looking at the pros and cons associated with each different PLC.
I will also be designing a factory process capable of sorting a range of packages with different size weights. There will also be a ladder logic program and a HMI incorporated in to the design. 
The contents of this assignment and any and all relating documentation and references are confidential and property of Zimmer Biomet.
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Programmable Logic Controllers (PLC’s) are used in applications all around the world and have a vital role in industrial automation. PLC’s operating on the shop floor allow for control, automation, safety circuits, regulatory control and strategy. PLC’s are commonly connected to a control level via a communication network such as Ethernet allowing the PLC to work in an integrated form. 
(Guedes, 2010)
PLC’s have continually advanced in their ease of use. The most commonly used method of control within manufacturing sites is that of Programmable Logic Controllers. Manufacturers are continually looking for expanding their manufacturing sites but not necessarily their foot print, therefore PLC’s offer the flexibility required for a manufacturing site to become more and more competitive by continually developing and updating the software relating to the PLC’s and allowing better control over larger pieces of equipment on the shop floor. 
(Supinski, 1992)
Typically, PLC’s have always been programmed and maintained by electricians using basic ladder logic. Ladder logic was designed to replace relay logic. Relay logic requires all control circuits to be hard wired to all control functions, whereas ladder logic uses a microprocessor device, typically a PLC.
 (world, 2021)
[bookmark: _Toc81562769]Types of PLC’s
The type of PLC required depends on a number of different requirements. These requirements can be numbered below
1. The amount of PLC inputs and outputs required.
2. Memory, the program controlling the PLC is stored in RAM (Random Access Memory). The RAM can range from 100kB to hundreds of MB 
3. Communication requirements such as serial and network connections.
4. Scan-time, time taken for the PLC to analyse and store the data files for inputs and outputs.
5. Number of Analog and Digital Input / Output modules, I/O cards may be needed.
6. Software requirements will need to be considered for ease of programming.
(The Automization.com, 2021)
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A modular PLC has more features than basic systems. This is due to the modular PLC being able to have more than one module fitted together. The modules can typically include power supply, central processing unit and Inputs and outputs.
	Advantages
	Disadvantages

	The PLC can be expanded
	They are typically more expensive than a unitary PLC

	Replacement modules are easy and cost effective
	



[bookmark: _Toc81562771]Unitary PLC
A unitary PLC is the most basic system compromising of one compact unit.
	Advantages
	Disadvantages

	Small and compact
	Cannot be expanded

	Cost effective and basic
	If fault occurs then whole unit requires replacing



[bookmark: _Toc81562772]Rack mounted PLC
Rack mounted PLC’s have more features than a modular PLC. They are typically a modular design but use cards which fit into slots on a rack.
	Advantages
	Disadvantages

	Easily expanded
	They are typically more expensive than a modular PLC

	Ease of communication with other systems
	Power consumption is greater than other PLC’s

	Like for like replacement of faulty cards
	



(Pearson BTEC Levels 4 Higher Nationals in Engineering (RQF), 2018)
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As a requirement in the UK under the Health and Safety at Work Act 1974, workplaces are required to implement such safety devices as far as is reasonably practicable to minimise the risk to personnel within the factory or indeed operating machinery and to ensure the welfare and health of all employees. 
(The National Archives, 2021)
To ensure that the factory designed within Factory IO is compliant with the Act, I have included an alarm to sound when the conveyor belts are about to start moving. This allows any potential operator to be fore warned that equipment will begin to move and that they have time to ensure that they are clear of the conveyor belts.  Alarm management can sometimes become an issue, an alarm system which has not been correctly set up or has become too complicated in its design can have the opposite effect to which it was intended. 
The HSE recommends that alarms should be processed in a way that the operator does not become overloaded. The type of alarm and set up should be established, allowing the operator to make all necessary assessments and take timely action. In this case time to move away from any conveyor belts before start up. 
(Health and Safety Executive, 2021)
One of the criticisms of the Milford Haven Refinery disaster was that the operators faced an onslaught of alarms for five hours before the incident. Too many alarms at the same time distracts operators and effects the response. 
Essentials of alarm management,
· Alarms need to direct operator’s attention to changing plant states
· Alarms must warn operator’s, inform them and guide direct action
· Alarms must be useful and applicable to the operator and have an established response
· Alarm levels should be established to allow operator’s ample time to perform the required response before the state of plant changes
· Alarm systems must take into consideration human factors, aptitude and constraints
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[bookmark: _Toc81562775]Flow chart of factory operation
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When designing my factory, it was important to utilise some kind of safety system to at least alert operators that the equipment was about to start to move. The first thing to think about was utilising a sounding beacon, in the case of the factory an alarm siren. The purpose of this alarm is to direct operator’s attention to changing plant states. The alarm would activate after a time delay of 500 milliseconds from when the start button is pressed. 
[image: ]
[bookmark: _Toc81551919][bookmark: _Toc81562740]Figure 1 - Alarm sounder
There is also a stack light indicator on top of the control panel for the factory which is also a good visual indicator for operators to understand if the factory is operational or not. The stack light will turn green when the factory stops because of too many boxes being loaded on one of the loading points. 
[image: ]
[bookmark: _Toc81562741]Figure 2 - Stack light indicator
I have also incorporated guarding around the factory to stop any potential operators encroaching the conveyors and mechanical/electrical plant. There are many different guarding systems available but for this particular factory I have used standard guarding instead of interlocked guarding. The other safety feature on the factory is an emergency stop, when pressed this instantly cuts the power to the factory and stops all plant.
[image: ]
[bookmark: _Toc81551920][bookmark: _Toc81562742]Figure 3 - Guarding around the factory
Once the alarm has sounded 2 metre conveyor belt will begin to run after a delay of 50 milliseconds. Following this is the sequence of conveyors starting up,
1. 2m conveyor 1 running, timer on delay of 1second, 6m conveyor 1 activates
2. 6m conveyor 1 running. Timer on delay 1 second, curved belt CCW activates
3. 6m conveyor 1 running. Timer on delay 1 second, output is 2m conveyor 2 activates
4. curved belt CCW running. Timer on, delay 1 second, output is 2m conveyor 3 activates
5. 2m conveyor 3 running, timer on delay 1 second, output is 2m conveyor 4 activates
6. 2m conveyor 4 running, timer on delay 1 second, output is 2m conveyor 5 activates
Once all conveyors are running the boxes can now start to travel through the factory the boxes can begin to travel along them. Sensor 1 activates and is preset at a height to select the largest boxes first. The pusher to push the largest boxes activates after 200 milliseconds. Sensor 2 is adjusted for the medium sized boxes and the pusher activates after 200 milliseconds pushing the box down to the weight sorter. Diffuse sensor 3 initiates after time delay of 250 milliiseconds as the boxes pass through the sesnor on to the counter a warning flag and warning light will initiatew when counter 1 detects a count of  5 boxes or more. If counter records box counter greater than 9 then master error output and light indicator red will initiate. 
 As the medium boxes are travelling towards the scales there is a timer initiated to start up the conveyor scale 1 (+), this particular scale will memorise the weight of the box and allow the pop up wheel sorter to distinguish if the box gets turned right or goes straight on. 
The pop up wheel sorter offloads the boxes on to further conveyors which are all time delayed by 250 milliseconds, 500 milliseconds and 750 milliseconds after the box passes through the pop up wheel sorter 1(+).  The conveyor scale also has the ability to reset itself when measuring the different weights of boxes. The reset is profgrammed to happen every 500 milliseconds after the box has passed over it. 
The weight counter is actiavted after timer delay of 750 milliseconds. Preset weights less than 4.0, the boxes will travel straight ahead via pop up wheel sorter 1 (+).  Diffuse sensor 4 initiates after time delay of 250 milliiseconds as the boxes pass through the sensor on to the counter a warning flag and warning light will initiatew when counter 2 detects a count of  6 boxes or more. If counter records box counter greater than 9 then master error output and light indicator red will initiate. 
[bookmark: _GoBack]Other preset weights greater than 4.1 but less than 6.0, pop up wheel sorter right sets and the boxes will travel right along conveyor to stacking area. Weight sorter recieves information on weight and sends signal to sorter, depending on weight determines which way the the parcel travels. Diffuse sensor 5 initiates after time delay of 250 milliiseconds as the boxes pass through the sesnor on to the counter a warning flag and warning light will initiatew when counter 3 detects a count of  8 boxes or more. If counter records box counter greater than 12 then master error output and light indicator red will initiate.
The smallest boxes will travel through the two pushers and eventually go through Diffuse sensor 6. This sensor will initiate after time delay of 250 milliiseconds as the boxes pass through the sesnor on to the counter a warning flag and warning light will initiate when counter 4 detects a count of  9 boxes or more. If counter 4 records box counter greater than 12 then master error output and light indicator red will initiate.
[bookmark: _Toc81562777]HMI Screens
For the factory I have also incorporated three HMI screens. HMI’s are Human Machine Interface which allows the user to interact with the machine or process. 
HMI’s are used to allow an operator a visualy display of data, they can help collate data for trending purposes and timelines, they can help achieve key performance indicators and monitor outputs for a process. HMI’s interact and communicate with PLC’s. HMI’s make complex processes controllable by centralising all relevant data.
(inductive automation , 2018)











The HMI’s I have used are the siemens root screen, the error/warning screen and an engineer screen. 
The root screen allows for monitoring the amount of boxes for different sizes being loaded onto the counter. Once the set amounts have been exceeded then the error light will iluminate red. The root screen also allows a reset for the counters and both run and stop functions along with an emergency stop. 

[image: ]
[bookmark: _Toc81562743]Figure 4 - HMI root screen
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