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Abstract
This assignment is part of the Control Technology module. It carries a weighting of 50%.
The following assignment looks at a factory scene in factory IO.  There are 4 different size boxes that need to be sorted out and send to different parts of the conveyor system. The factory scene involves conveyor belts, pushers and scales that are used in a siemens ladder program with various input devices. 
The ladder program will also encompass a working HMI system of start and stop functions, counters and a warning system that needs to be reset.
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The below factory I/O scene has been developed in such a way that there can be 4 different size boxes emitted onto the conveyor belts. The boxes will then be sorted so they will each move along their relevant conveyors and end up being collected at the end of their travel. A ladder program written in Siemens enables the boxes to be sorted.
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[bookmark: _Toc81513215]What is a PLC

Programmable Logic Controllers or PLC’s are a form of computing devices that are used as industrial  controllers. They use a  microprocessor and are controlled by instructions that are programmed by means of a programmable language. Ladder logic, Sequential function charts or instruction lists are popular methods of programming. Communication from the PLC to external devices can be through RS-232 or Ethernet. As serial connections have a maximum distance of 50 feet and ethernet has a maximum distance of 328 feet , PLC’s can also be controlled by remote access.  Data is transmitted through binary code. The data is in the American Standard Code of Information Interchange. The PLC uses an input device such as a sensor or a limit switch. The signal gets processed in the central processor and an output device such as a fan or pump then gets triggered. 
(Boisset, 2018)
The first PLC was developed in the 1960s by Dick Morley, the original PLC was used in General Motors to stop all the confusion and hard wiring of many relays. Relays were used to turn devices off and on and often resulted in downtime when configuration was needed.
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Fig.  2 The first PLC 
These days PLC’S are no longer used for just factory automation they are found in household applications such as washing machines. They have been developed to control traffic light sequences and can also be found in other sectors such as medical and farming machinery.  PLC’s are available in all sizes and can be scaled to fit the required application. Some are advertised as pocket PLC’S  due to their tiny size whilst others need heavy duty mounting. 
(Collins & Lane, 1995)
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(Gates, 2017)

There are many  features that determine a PLC from other control solutions. Input and output devices are connected to the PLC as modules. These input and output modules give the information to the CPU as either digital or analogue signals. PLC’s can communicate with other systems such as SCADA. A SCADA system communicate with the PLC’s through the necessary communication port that are features. Users of PLC’s can interact in real time through an interface called Human Machine Interface or HMI. HMI’s can be a basic display or a user touchscreen.
(Collins & Lane, 1995)
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Fig.  4 Industrial PLC


[bookmark: _Toc81513216]Different types of PLC’s

There are two different types of PLC’s that are the most popular on the market. They are the fixed PLC and the Modular PLC.
 The fixed PLC refers to the fact that the number of inputs and outputs are specific to the PLC and that the input and outputs are built so they are part of the microcontroller. The fixed PLC is compact and basic as this type of PLC cannot have the number of inputs or outputs expanded. If there is a problem and a replacement component is needed the entire fixed PLC will need replacing.
Modular PLC enables the system to be expanded by adding extra modules of input and output options. In modular PLC’s the microprocessor is separate to the input and output modules. The power supply and the required communication are all separate modules. The final PLC will tend to be more expensive than a fixed PLC. Using modular PLC’s in industry is a way of expanding the input and output options but using the same controller, thus making the system more centralized . If a specific part needs to be replaced this is a cost-effective way as it just the module that needs replacing.
(Gates, 2017)
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Fig.  5 Fixed and Modular PLC’S
PLC technology is still advancing, and manufactures are striving to improve efficiencies and the capabilities. There are many different manufactures of PLC’s in the market each with different advantages.  (Dvorak , 2013)
Siemens is probably the best-known manufacture of PLC’S. They are a multinational company that has its headquarters in Germany. Although Siemens have business in various sectors, they still have a range of reliable PLC’S available. The PLC can be programmed using their own simatic software which can be used to configure, program and test.  Siemens PLC’s are cost effective and are have good maintainability through service support. (Csanyi, 2017)
Allen-Bradley, which is currently owned by Rockwell Automation, specialise in industrial controller. They are an American company but have employees worldwide. Allen- Bradley PLC’S use RS logix software which has been around long enough that it is established and known for its reliability. PLC’s are manufactured it different sizes and their long PAC can run an entire plant. Allen-Bradley have a migration path ready for new parts when they are released. (Anon., 2021)
ABB is another global company that is recognised as world leader in the manufacture of its PLC’S. The components are all modular and ABB use a CPU that works with all its module, scalability is straight forward with ABB and this also means that unnecessary components don’t need to be used. ABB have user friendly set ups that are easy to understand from the programming through to commission.  The PLC’s are used in all industries with harsh conditions, so ABB have ensured their equipment is ruggedized. (Dvorak , 2013)
Schneider electrical was established in the 19th century in the steel and machine industry.  The company expanded into the manufacturing and automation sector with PLC’s.  They use their own modicon software which is compatible with the 5 main programming languages. The equipment is hardened for extreme environments. The PLC’S are not off the shelf and have a lead time resulting in higher costs. Only certified Schneider technicians can fix any issues that the system may have.
There are a number of important requirements that need to be considered before the PLC is chosen for the specific task. The following table shows some requirements and how the discussed PLC’s compare.
	 
	SIEMENS
	ALLEN BRADLEY
	ABB
	SCNEIDER 

	Cost
	ü
	ü
	ü
	 -

	Reliability
	ü
	ü
	ü
	ü

	Maintainability
	ü
	ü
	ü
	 

	Software
	ü
	ü
	ü
	ü

	Safety PLC
	 
	ü
	 
	 

	Robust
	ü
	ü
	ü
	ü

	Compatibility
	ü
	ü
	ü
	ü

	Service support
	ü
	ü
	ü
	ü
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The factory scene was programmed using Siemens S71200 ladder logic program. To enable the PLC to communicate the first network has the functionality for this.  The ladder logic program is enclosed.
The start button is a normally opened input,  and this is in series with a normally closed emergency stop. Output is a memory run active and this is latched on when the start button is pressed. Run active is then used as an input that keeps the green stack light on and turns on a siren for 1s through a pulsed timer. A normally closed stop button input when pressed will reset run active and keeps the red stack light on. To prevent a current surge the different conveyor belts are not started at the same time. Run active as an input turns on the first 2m belt after a timer on off 1 Ms, run active also enables another memory run active 2, which will be used in the program.  The 2m belt as an input with a 1 Ms timer then turns on the 6m belt, the 6m belt with a 1 Ms timer will then turn on a 4m belt. The remaining conveyor belts are then turned on in the same way with a timer delay on each.
There are 4 different size boxes that are emitted onto the factory scene, these need to be separated and sent on different paths. The large box triggers sensor 1 and through a timer off with 500 Ms and a timer on of 50 Ms activates pusher 1 which pushes just the large boxes down.
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There are 2 medium boxes that have the same height, these both activate the sensor 2. When the sensor is triggered as an input it enables pusher 2 to push the boxes. As with sensor 1 a timer off with 500 Ms and a timer on with 250 Ms are used , so there is a slight delay from the sensor before the box reaches the pusher. The medium boxes have different weights, so a weighing scale is used to measure the boxes, the boxes activate the sensor which has a timer off delay enabling the boxes to be still for enough time to be weighed.
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Fig.  8 Weight conversion 
The weight digital input ID32 needs to be a memory location.  A move device is used for this and named weight store.
 A pop-up wheel sorter is used to send the boxes into different directions. Those weighing less than 4kg are sent to the right when the pop-up wheel sorter right is set. The boxes which weigh more than 4kg but less than 6kg are sent straight ahead when the pop-up wheel sorter right is reset/
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Fig.  9 Weight for pop up wheel sorter
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[bookmark: _Toc69806840]Fig.  10  Medium boxes getting sorted.
 The small boxes go straight down the conveyor belt onto the curved conveyor and to the collector. The sensors that activate pusher 1 and pusher 2 are set at a height that does not get activated by the small box.
[image: ]
Fig.  11 Small boxes
The control panel has the buttons for the operation of the factory. The start and stop buttons are attached and the emergency stop button. The stack lights are placed on the box so they are high up so can be seen easily by all. The green light will be on when the conveyor is running as it is attached to run active, the red light will turn off when the stop button or emergency stop buttons are pressed as they turn run active off. The yellow light is turned on if any warnings or errors are enabled. This will turn off when the warnings or errors are reset.
[image: ]
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The following flow chart shows how the production line should flow.
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Fig.  13 Flow chart 

Each of the different size boxes gets counted and a warning will be activated if the number of boxes exceeds the count. The counts have been set to >10. A box will activate a sensor that will start the count. The Warnings for each box count will have a pilot light indicator when the number exceeds 10. Any warnings will turn on the yellow stack light
The error signals a lost box. Another  counter has been added at the start of each boxes individual route called error count. These counters are not visible on the root screen.  The count for each size box is >10, and there can be 3 boxes in WIP on the conveyor belt. The error flag will turn on when the error count is 13. This assumes that there is a missing box. Any errors will sound the alarm. 
The warnings and  errors can be reset using the reset warnings and errors button on the engineer’s screen.
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Fig.  14 Root screen

The main HMI screen which enables the user to control the factory scene from it has the start and stop buttons and the overriding emergency stop. There are sensors to show that pusher 1 and pusher 2 are working as they turn green when they are activated. Counters have been displayed for the 4 different size boxes and these can all be reset back to 0 using the reset counter button. There are light indicators that will turn on if there are warnings and errors, these buttons can be pressed and will take the user to the warning and error screen.
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Fig.  15 Warning screen

The warning and error screen indicates which warning or error has been turned on.
Each of the warnings are a bit which are in the warning byte. When the byte is <0> the warnings flag is off. If  any of the warnings are activated and therefore making the warnings not 0 the warning pilot light will turn on and this will then set the warning flag on.
The warnings show that the box count which has been set to 10 have exceeded the number.  The arrow right can be pressed to let the user go onto the engineer screen, whilst the home button takes the user back to the main root screen. 
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Fig.  16 Engineer screen
The engineer screen enables the user to reset the warnings and errors. The only other options are a button back to the warnings screen or home button back to the root screen.
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The factory scene operates and separates the 4 size boxes. 
The weight for the scales and the pop-up wheel sorter can give false readings at times, this could be overcome by having separate ladders for the weight so there won’t be an OR function. As the weight will be under <4 and <5.7
[image: ]

The emergency stop button does stop the line after a few presses and factory I/O only starts when the emergency stop button has been toggled first. This could be overcome by having the emergency stop and the stop button on the same ladder.
The warnings and the relevant indicators work to the specified >10 and these can be reset. The errors for the lost boxes could have been set up differently. The error alert will never be turned on if the reset was pressed as soon as the warnings alerted >10. The medium boxes should have a separate error message like the warnings, now they are combined it isn’t clear where the error is. A counter at the start of the line and another counter at the end of the line could be compared and the difference should only be the WIP on the conveyor belts. A difference that is not equal to WIP would then be the signal for a lost box.  The warnings turn the stack light yellow on, and the error sounds the alarm. The conveyor should stop when an error alert has been shown
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