


Introduction
Within this assignment I aim to gain an understand of different types of PLC used in industry and give my opinion on the positives and negatives of each PLC and what parts of industry they can be applied. I will then outline my work towards creating my own factory simulation that meets the assignment specification of what the factory must be able to achieve. 
Literature Review
Fixed I/O PLC
This type of PLC is most commonly called the Fixed I/O PLC. “Fixed I/O” actually stands for Fixed “Input/Output”. On Compact PLCs, the input section and the output sections of the PLC are integrated into the microcontroller itself. This means that every type of output or input is fixed and is determined by the manufacturer. Furthermore, the number of inputs and outputs may not be expanded in this type of PLC.
Some advantages of these types of PLC include the fact that these PLC units are smaller when compared to others so take up less space in the working area.  They are also less expensive when compared to other types of PLC. 
A disadvantage of this type of PLC would be that fixed PLC has a limited memory and a restricted number of inputs and outputs, making it impossible to upgrade.
Modular PLC
In modular type PLC, the number of I/Os can be increased by the addition of modules to the existing PLC. In modular type PLC, a number of I/O supported can be increased to a few hundred by adding I/O modules. The name Modular itself means that the number of modules can be connected to the device same in modular PLC several modules can be connected that is several components can be connected to a common rack or bus with extendable I/O capabilities.
The Modular PLC also contains power supply modules, CPU and other I/O modules that are plugged in the same rack which may or may not be from same manufacturers. The modular PLCs comes in different sizes, their sizes vary with I/Os, the number of power supply and their computing capabilities. Modular PLCs may be further divided into small, medium and large PLCs depending on program memory size and the number of I/O features.
One advantage of using modular PLC’s would be fault finding because each function is separated by each module of the Modular PLC, the fault detection becomes far easier than that of the Fixed I/O. Rather than fault finding the entire system, the person finding the fault is able to narrow it down to an individual module. Another advantage would be less downtime, which can tie in with the last advantage I have stated. This is because by speeding up the person’s ability to find the fault will lessen the effect on a given process. Separate modules can also be bought separately in the case of a broken module in need of replacing which is a quick fix. 
One disadvantage however would be that due to having more modules the complexity of the configuration is increased significantly, also, due to having more modular capacity they have a negative effect on space efficiency in the workplace. 
Safety PLC
[bookmark: _GoBack]Safety PLCs support all the usual applications controlled by a standard PLC, with the addition of integrated safety functions designed specifically for the control of safety related systems. A safety PLC has only two important objectives to accomplish. The PLC should not fail, and also if it was to fail then it would do so in a safe, controlled manner. This is all controlled through the addition of added safety circuitry. 
An obvious advantage is the overall safety control of the PLC and how it is able t operate using SIL’s. Also, the plc can be protected via password authorisation in order to prevent any unauthorised employee etc. access it. 
A disadvantage would be that the overall cost for a safety PLC is very high when compared to other types of PLC however this may be seen as essential by a business in the case of using safety critical equipment. Also, due to being slightly more complex, engineers would need a higher level of training prior to being able to access this type of PLC. 
Rack PLC
In rack type PLC all the components of the PLC areas separate module and are assembled to form one unit by mounting the individual components on a rack. This PLC can support up to thousands of I/Os.
One advantage is that they can be modified and expanded which allows a lot of flexibility for the application of the PLC. Another advantage is that they have the most Input/Output points out of all the types of PLC’s. 
A disadvantage of this type of PLC would be that they usually very expensive and also take up lots of space.
Factory IO
[image: ]
The above image outlines my main design for the task, it includes all main components required in order to meet the specification of the assignment. For example, four removers for the boxes, one emitter that emits the four different types of boxed onto the starting 2m conveyor ready for sorting, two pushers in order to change the routes of the different sized parcels, a pop up sorter in order to further sort the smaller parcels, this works on using the weight of each box being measured by the weigh belt and then manoeuvring the rollers in a specific direction depending on the weight of box. My design also features the start and stop buttons, stack lights, and siren, all situated around the control panel on the of the image. 
[image: ]
(Red arrow=Med/Sml box route. Yellow arrow=Large box route, White arrow = Pallet box remover.)
Boxes emitted move past the first diffuse sensor in order to give a total count reading on my root screen, then moving around the curved 2m conveyor, the large boxed will trigger the second diffuse sensor in order to activate the first pusher and push the box onto the first horizontal 4m conveyor. All large boxes that activate the diffuse sensor on the end of this belt will be counted under the “Large box count” counter. As for any boxes that don’t meet the diffuse sensor before the remover, they will be counted as “Large box errors” which will give a warning when this figure reaches three and then stop the system when the count reaches six. 
Medium and small boxes will therefore take another route in the system. Due to the large box sensor being placed higher than the medium and small boxes, they do not activate the sensor when on the conveyor, thus not activating the first pusher. This then allows for the boxes to move further along the belt until they reach the second pusher and the “Medium/Small” diffuse sensor. Due to them being the same in height and only differing in width, I placed the diffuse sensor in line with the top of the box. This then activated the second pusher and pushed the boxed onto the horizontal four metre belt parallel to the large box system.
[image: ]
Shown above are both diffuse sensors used to activate the pushers. The large box diffuser is outlined in red and the medium/small diffuse sensor in yellow.
After both medium and small boxes are pushed along the second horizontal four metre belt, the next component in the sequence is a weigh conveyor. The weigh conveyor, stops when an individual box is placed on it, displays its weight via digital display and then moves the box onto the pop-up sorter. 
[image: ]
The pop-up sorter then turns right or left onto a two metre belt either side depending on the weight of each box. The boxes are then counted via the use of a diffuse sensor at the end of each two metre belt before the removers in order to count both small and medium boxes. 
The fourth type of box that I separated and counted was the pallet box which was the smallest type of box when compared to the small, medium and large. This was controlled via the use of a final diffuse sensor after the second pusher which is low enough to be activated by the pallet box, this then counts the pallet box before it is removed at the end of the belt.
[image: ]
This process flow diagram outlines how my system operates from start to finish depending on the size of the box.
Ladder logic
[image: ]
Via the use of Siemens TIA, I was able to produce ladder logic in order to perform the tasks required of my system. Firstly, I added the first network of my ladder in order to be able to link Siemens TIA to the Factory IO software.  The second network then contained the code in order to allow the stop and start buttons on my control panel to operate.
[image: ]
Secondly, the next few networks included timer operations for all components of my system in order to start them after a given time in sequence depending on their position in the system. The siren and stack lights were also coded in this way to provide a warning before the system starts via use of the siren and stack lights. 
[image: ]
This screenshot also shows the timer operations for the stacks lights, red and yellow were operated together prior to start of the system then the green light was operated as the first belt was started.
[image: ]
This network allows for the pop-up sorter for the medium and small boxes to move in either direction depending on the weight of the box. The first rung on the network is for the small boxes and allows the pop-up sorter to move either way based on the high and low limit set on the left side of the network. The second rung is the same for the medium boxes however it tells the pop-up sorter to move in the opposite direction. I have specified this in the medium boxes low and high range that will alter the direction of the pop-up sorter. 
[image: ]
The next network I included was to calculate the total count of the boxes emitted was during the running of the system. “Diffuse sensor 3” is the first diffuse sensor in the system which is placed just after the emitter in order to count the total number of boxes no matter the size. After this network I then created a network in order to count the number of large box errors down the large box route of the system. As the first pusher is activated, the error count increases by one. After the large box activates “Diffuse sensor 4” at the end of the large box route, the error count will decrease back to zero, therefore, if a box was to not reach the end of the belt or fall from the belt, the error figure will stay. 


[image: ]
I then created a network for counting the number of large boxes specifically. This diffuse sensor was on a higher level compared to the lower boxes in order to only be activated by the large boxes.

[image: ]
I then set up limits in order to link to my alarm page, three errors would leave to a warning and then six would lead to an alarm in the system that would need resetting before being able to restart the system.
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This network then allowed conveyor scale to work and therefore be linked to the digital device.

[image: ]
This network allowed the weigh conveyor time to stop and weigh the box, produce the weight on the digital display before restarting the belts to the pop-up sorter. 
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I then did the same counter network for the pallet box and small box using different diffuse sensors.

[image: ][image: ]

I then wrote the network for measuring the medium and small box errors and alarms  in the same format as the large box errors and alarms.

[image: ]
I then wrote the network for the second stack light in the system.

HMI Device
[image: ]


I created an HMI screen in order to meet my assignment specification, this included the introduction of an E stop, the display of the counter systems in my ladder logic, the error counter, start and stop buttons, lights representing the stack lights, a link to the warnings page and also a reset counters button.

[image: ]
Prior to planning the placement of all components, I was required to create HMI tags in order to be able to link them to PLC tags in my ladder logic. This then gave me the ability to operate the Factory IO system from the HMI root screen.
Warning and Engineer screen
[image: ]

From the alarms and warnings, I had created in my ladder logic, I was required to create a page where I was able to display the warnings and alarms when they were activated through the use of my HMI tags etc. The light would come on when activated.
[image: ]
I then created an engineer page. This allowed me to edit the warning and alarm set prior to the system starting in order to set a limit for when an alarm and warning should occur. This page also included a master reset, reset counters button, and a clear all button.
Conclusion
To conclude, I have enhanced my knowledge on the main types of PLC’s as seen in my literature review, and have therefore been able to use this knowledge in order to help me with my task. My factory works as it should and meets the specification of the assignment, sorting all types of boxes, and producing errors, warnings and alarms in order to maintain a safe working environment in a real scenario. 
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