	
	
	












ACDB5002 Electronics 1 

Sean Upton

2410530




Abstract	3
1.	Introduction	4
2.	Background research	5
3. Simulation	7
Basic operation	7
PLC	9
4.TIA	12
Operational flow chart	12
TIA code	12
HMI	19
5.Conclusion	20
Referances	21





[bookmark: _Toc1707057676]Abstract
[bookmark: _Int_l2iHGBWw]The report covers the research design and implementation of a PLC program that is capable of separating various boxes on a production line by weight. Boxes come along the production line with varying weights and need to be sorted on to their allocated conveyor. The program can sort boxes using various sensors and pushers, all boxes under 4kg are moved to one conveyor and anything over this weight is to be moved to a separate conveyor.  the system requires an operator to start the process, and the PLC will monitor for any errors that could occur, this includes boxes not being moved by the pushers or boxes not arriving in the correct location.
[bookmark: _Int_uwE3x00K][bookmark: _Int_C6mxGNaz]The software is written on Siemens TIA and is done using ladder logic. Siemens TIA is a popular choice which is used in industry and ladder diagram the most popular language. This results in transferable skills that can be used in industry. To monitor and control the system a HMI is included, this is to be used by the operator. A flow chart allows users and engineers to see the process of operations of the program. To simulate the program Factory I/O is use as it can be used to give a working example of how the program would run on a real system, it is also used for finding issues and developing the program. 
[bookmark: _Int_h4l3EarV]The final simulation works as intended and is capable of sorting boxes by weight. It has displays which are used for showing the count and box weight. All this is done using the various sensors and utilising the mathematical abilities of the PLC. There are various alarms which can be used to spot errors in the production line.




1. [bookmark: _Toc702712723]Introduction
The task which is to be complete is to create a working simulation using Siemens PLC software “TIA” to create a ladder logic program which can sort boxes of various sizes, to test and simulate the program a simulation software is to be used, in this project Factory I/O is to be used. The program from TIA can be simulated on Factory I/O using the “TIA SIM” software.  For the project to complete successfully it requires various components, utilizing conveyors, weight sensor, diffuse sensors. These are required as to move the boxes in the correct direction and allows the PLC to know the boxes position.  all these are to be used to allow boxes over 4kg to move to the small box area and all boxes under 4kg would be moved to the small box area. The project also required an alarm system which could be used to alert the operator and stop boxes going to the wrong location. This was done using stack lights and beacons. If a fault is detected the conveyor will stop and will require attention from the operator. There is also a need for a HMI screen which can be utilised by the operator. 





2. [bookmark: _Toc1374876010]Background research
The use of programmable logic controllers, typically referred to as PLCs are a key part of automation in the modern industrial environment. They are essentially computers which can be tailored to the need of the users and have been around since the 1960s [1]. The PLC will be found in almost all modern industrial machinery and is responsible for monitoring information from various sensors, transducers or switches to give an output which could be in the form of motors or valves etc. These input and outputs will be predetermined by the software that has been programmed on to the PLC.  to monitor and control the inputs and outputs the PLC uses I/O pins [2]. As systems are becoming increasingly automated the PLC has become a key part of modernisation in modern equipment.
The use of programmable logic controllers, typically referred to as PLCs are a key part of automation in the modern industrial environment. They are essentially computers which can be tailored to the need of the users. The PLC will be found in almost all modern industrial machinery and is responsible for monitoring information from various sensors, transducers or switches to give an output which could be in the form of motors or valves etc [3]. These input and outputs will be predetermined by the software that has been programmed on to the PLC.  to monitor and control the inputs and outputs the PLC uses I/O pins. As systems are becoming increasingly automated the PLC has become a key part of modernisation in modern equipment.
[bookmark: _Int_CmAVyc7h]The market for PLCs is largely dominated by a select number of companies. The largest manufacturers being Siemens, Allen-Bradley, Schneider and Mitsubishi [4]. All these manufacturers will follow the IEC 61131 standard [5].  Each manufacturer will have a large range of PLC to offer to best meet the needs of the user. With varying numbers of I/O pins and capabilities. It is common for programmers to specialise in PLCs made by one manufacturer due to the software differences and cost that comes with having multiple different software installed. Depending on location the industry favours different manufacturers. The North American market favours Allen-Bradley, whereas Siemens is more common in Europe and Mitsubishi in Asia. The reason for manufacturers being favoured in different regions is largely due to the fact that historically the PLCs were tailored to the different standards for the region. This eventually led to the manufacturers becoming the most popular in the region and programmers would focus on the manufacture that was most common on their environment. But this does not mean that the industries in the specified regions solely rely on the most popular manufacture in their respective region. Each manufacturers programs and software is advantageous to different industries. For example, Siemens PLC are advantageous for automotive manufacturing due to having strong integration and large-scale automation.  Allen-Bradley is more commonly found in heavy industry such as oil and gas, this could be due to its safety focused systems.
There are positives and negatives to each manufacture, understanding these are essential when entering in industry
	manufacture
	Positives 
	Negatives 

	Allen-Bradley
	· Market leader in north America.
· High reliability. 
· Easy to follow software.
	· Little presence outside of North American market.
· High cost. 

	Siemens 
	· Is used globally.
· The software offers good integration. 
	· Complex software which can be challenging to learn.
· High cost.

	Schnider
	· More affordable option.
· 
· Common in the energy industry.
	· Less common out of the manufacturers listed
· Software is said to be less intuitive.

	Mitsubishi
	· Low cost when compared to its competitors
· Fast instruction execution
· Strong documentation 
	· Software is not as user friendly. 
· Require higher end PLC for good safety features. 


Table 2.1 pros and cons
There have been many recent advancements in the capabilities within PLCs, most recently the use of artificial intelligence.  PLC can take advantage of AI and use to for real time changes in the program to optimise efficiency [6].



[bookmark: _Toc1569233386]3. Simulation
Factory I/O is a 3D simulation software which eliminates the need for a physical system to be made. It can allow programmers to make prototypes of systems and means that they could build and test the program without needing to be on the production line it is indented to run. It eliminates the risk of issues with the program causing damage to the system, as if equipment operates when is not intended to it could damage the equipment. It is an aid that can be beneficial for fault finding on the program before it is used in the industrial environment [7].
[bookmark: _Toc1966570801]Basic operation
By utilizing factory, I/O a scenario can be created to simulate a factory environment, boxes come in on conveyor 1 next to the control panel, it is then moved onto the weight conveyor. It stops on the conveyor and takes the weight, following this it moves on to be sorted by one of the pushers, small boxes and medium will move onto the different conveyors.
[image: ]
Image 3.1 simulation
Once the start button is pressed the conveyors come on in sequence to limit the initial current draw from all the motors starting at once. There are various diffuse sensors in the simulation, they are responsible for location recognition, this allows for the PLC to know where the boxes currently are. When the diffuse sensor is made on the weight conveyor, it will cause the conveyor to stop and take the weight of the box, that value is then stored in the PLCs memory. Once it has the weight it is pushed forward to the diffuse sensors that are located next to the pusher. If the box is detected as a medium box the pusher will not be active when it passes the first diffuse sensor, but when it hits the medium box pusher sensor it will activate it. 
There is also another diffuse sensor, which is located after the two pushers, this is in place to detect any errors and will stop the conveyor and alert the operator. The final 2 diffuse sensor are used for counting the medium boxes and small boxes. 
[image: ]
Image 3.2 electrical panel
The control panel is to be used by the operator. it allows for them to start and stop the conveyor. The first LCD will display the box weight; this is a live weight which is currently on the weight conveyor. The bottom two LCDs are for the count, this will allow for the operator to see how many boxes have passes through the production line in a given period. The two LCDs are “medium box out” and “small box out”. Once the production run has finished the operator can take record of the number of boxes that has passed and the count can be reset, this is then reset at the bottom of the panel using the button between them. 
Once the start button is pressed the alarm at the top of the panel will sound, this is to alert by standards that the conveyor is now in operation. There is a stack light on top of the panel. This will show as green if there are no errors. If any errors are detected the conveyor will stop and the stack light will turn red. This will then require the operator to clear the error before the conveyor can be restarted.    
[image: ]
Image 3.3 pusher fault
The pushers also have warning lights on top. This is to indicate to the operator that there is an error. This will stop the conveyor and turn the stack light red. If the conveyor doesn’t reach its back limit in the programmed time the warning light will operate. This could happen if a box gets stuck between the pusher and the pusher arm.
[bookmark: _Toc2144595104]PLC
To allow the TIA program to integrate with the Factory I/O simulation the PLC tags need to be the same with the PLC in the simulation. This is acting how a physical connection would act. I have various inputs and outputs that need to be connected to the same I and Q. there are 24 input pins that can utilize the diffuse sensos, Pusher limits and buttons. These are BOOL meaning that they are either 0 or 1. there are also ID inputs, these are shown as the blue inputs. These are typically INT meaning that they can operate outside just 0 and 1.  in the program it is used for box weight. 
The other side of the PLC is dedicated to actuators, these are outputs used to control the circuit. These being the conveyors, lights and displays. This also has 24 BOOL outputs which can turn the actuators on and off using a true and false signal. Also, INT output which is used to displaying the box weights and the box count.  
[image: ] [image: ]
Image 3.4 sensors                                                      image 3.5 actuators
[image: ]
Image 3.6 PLC



[bookmark: _Toc637558001]4.TIA
[bookmark: _Toc1944133371]Operational flow chart
To start the system the start button on the control panel must be operated. The conveyors will then all operate. The box comes in along the first conveyor before reaching the first diffuse sensor, this will then cause the box to stop on the weight conveyor. The weight is then recorded and stored in the PLCs memory. It will then move on to the next conveyor. It will hit the diffuse sensor next to pusher 1, if the weight stored in the memory is under 4kg the box pusher will activate and move the box onto the next conveyor, if the box is over 4kg it will disregard the signal form the first conveyor and allow it to pass without pusher one activating. It will then hit the diffuse sensor next to pusher two, this will then cause the pusher to activate moving the box onto the next conveyor. When the boxes separate onto their respective conveyors they will meet another diffuse sensor, this is responsible for counting the boxes. To allow for operators and engineers to understand the program, this information is put into an operational Flow chart. This will allow them to easily work on the system. 


[image: ]Flow chart 4.1



[bookmark: _Toc694215112]TIA code

[image: ]TIA Program 4.1
This is the network to start the circuit, once the start button is pressed the conveyors will start. The start button is normally open and when pressed it will cause the “operate” to latch. This means that a button can be used rather than a switch. There is a stop button and an E stop which are also normally open once these buttons are pressed it will cause the “operate” output to turn off. The three M inputs are for the safety circuit. If any of these are activated when the circuit is running it will cause the circuit to stop. 
[image: ]TIA Program 4.2
The siren is used as a safety feature, to alert any bystandards that the system is about to start. It uses the “operate as the initial input so network will be activated when the start button is pressed. The initial input goes into a pulse timer which will cause the siren signal to latch for 1 second. Once the IN pin receives a signal the Q gets an output. The PT is what sets how long to give the true signal for, once that condition is met it will give a false signal until IN is true [8]. 
[image: ]
TIA Program 4.3
This is the network that is responsible for telling the motors which power the conveyors to operate. They will connect to the coil of the motors contactors and turn on the conveyors. Time delays have been used to bring on the conveyors and varying times. The reason this is done it is to limit the initial current draw. When the motors are initially turned on, they will pull more current so they can reach their operating speed. Having all this draw at once will put strain on the cables supplying the machine as it may not have the current carrying capabilities for the large initial draw. When the operate gives a true signal to the IN it will wait the specified time in on the PT pin before sending a true signal to the Q [8].
[image: ]TIA Program 4.4
[image: ]TIA Program 4.5
[image: ]
TIA Program 4.6
Networks 5, 6 and 7 are responsible for the box stopping on the weight conveyor. Once the diffuse sensor detects the box it will cause the conveyor to stop for 1 second and take the weight of the box. Once this is done the conveyor will continue and move the box onto the next conveyor.
[image: ]
TIA Program 4.7
This MOVE function is used so the weight display connected to the HMI and LCD follows the value on box weight. 
[image: ]
TIA Program 4.8
In this network the MOVE function is used to allow “DB weight” to follow “box weight”, this is done to save the value and to be used for pushers in network 11. 
[image: ]
TIA Program 4.9
Network 11 is used for pushers 0 and 1. the box weight is taken from the weight conveyor, and the value is stored. If the weight of the last box is less or equal to 4.5kg and hits diffuse sensor 3 then it will be moved by pusher 0. the on delays is to allow the box to hit the sensor and get in line with the pusher, and the off delay is allowing the pusher to stick out far enough to hit the box. If the on delay is too low, it will activate the pusher before the box is in line with the pusher. If the off delay is too low, the pusher will not activate long enough for it to move the box far enough. 
[image: ]
TIA Program 4.10
[bookmark: _Int_spzTdh7y]This network is responsible for counting medium boxes. This is done by using a diffuse sensor on the medium conveyor. Once a box gets pushed onto the medium conveyor it hits the diffuse sensor. This input then gives a true signal to the count up counter. This then gives a signal to “med display”. This is stored in the PLCs memory and can be used for the LCD on the electrical panel and the operator screen on the HMI. The count can be reset by using the counter reset button which is located on the electrical panel or on the HMI.
[image: ]
TIA Program 4.11
[bookmark: _Int_BXa8kkFV][bookmark: _Int_7uAANkHr]Network 13 is responsible for the small box counter. It uses a count up timer and follows the same system as the medium box counter. Once the diffuse censor on the small conveyor is activated it will send a true signal to the count up counter and this will store the numerical value in “small display”. To reset the count, it shares the same reset button as the medium box counter. 
[image: ]
TIA Program 4.12
Network 14 are used for the stack light positioned above the panel. If the stack light is green the system is operating as intended, once the stack light turn red the circuit will stop and requires attention from the operator. Diffuse sensor 5 is located after both pushers. If the box passes pusher 0 and 1 it will hit the diffuse sensor and bring on the “warning light” this will activate the red LED on the stack light and stop the circuits operation (shown in network 2). The red and green light cannot operate at the same time as the green signal comes from “operate” 
[image: ]
TIA Program 4.13
 this network is responsible activating the beacons on top of pusher 0 and pusher 1. this is the error lights for the pushers. Boxes may get trapped between the pusher arm and the pushers face. This will cause the pusher to get stuck at its front limit. This pusher has an output which allows for the programmer to use it in the program. If the box stays in front position for more than three seconds, it will cause the beacon to operate. The “light stop 1” and “stop light 2” is what will cause the circuit to stop, this can be seen in network 2. 
[bookmark: _Toc702181629]HMI
[image: ]TIA Program 4.14
[bookmark: _Int_CVUWQQKB][bookmark: _Int_kaESkWKp]The HMI screen includes small box count and a medium box counter, as explained previously these get the signal from the diffuse sensor. The count is done by the count up counter on network 12 and 13. The green button simulates the start button on the electrical panel being pressed. Similarly, the red button follows the stop button. Reset count will reset both count up counters to clear the LCD. The box weight is also displayed in the bottom right of the screen. This output is taken from network 8. 
[bookmark: _Toc768508048]5.Conclusion
The project was to cover the design and implementation of a PLC program that can control a production line allowing it to arrange boxes by varying weights using various sensors and conveyors. All this needed to be monitored using a HMI. The program that was written using TIA using ladder logic achieved the aims that it was set out to achieve the HMI allows the operator to start, stop, and reset the box count. It also gives live readings of the box weight and the count for boxes that has passed through the production line.  The operational flow chart allows for operators and engineers to gain an understanding of how the program works and will allow for easier fault finding if there were errors on the production line. 
[bookmark: _Int_7QAHwIZk]To allow the system to detect errors various diffuse sensors were used. This allows the PLC to use the input from the sensors to determine the boxes current position, if the position of the box is not as expected it will raise the issue on the stack light. It would then require attention form the operator as the system will not reset until the error is corrected and the box is moved. 
[bookmark: _Int_KIeCHPYT]To expand on the project a more complex system could be developed. Boxes could also be sorted by height. This could be done using diffuse sensors. The sensor could be placed along the conveyor above the height of the small boxes. The sensor would only detect the taller boxes, this could then be used as an input on the PLC, and the output could be another pusher or sorting table. This would allow for the production line to also sort height, not just weight. Further PLC screens could be added, it could include error screens that could be used by engineers to fault find on the system. If conveyors or pushers are not working the error message could be displayed to show this. 
The code on TIA could also be made to be more user friendly as some functions don't follow sequential operations. It is required to look around various networks to understand the operation. Although this is inevitable in a PLC program, the program used in this project could be more user friendly. 
Every day the capabilities of PLCs are expanding and with time this project could be expanded. The use of AI in the software could allow for further fault detection, such as detecting damaged boxes or foreign objects on the conveyor using cameras[9]. 
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