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[bookmark: _Toc41465918]Introduction
The following report demonstrates how Programmable Logic Controllers can be programmed to control a common industrial operation. A common sight in industry are belt conveyor systems that provide a mean of moving materials of various size and weight efficiently, this makes them a popular choice to use as handling equipment in industries such as mining, agriculture and logistics to name a few. Belt Conveyors have been such a success at moving materials industrial process that they have become a common sight in consumer applications, in airport where they move people and luggage between gates. Some high-tech restaurants such as Sushi bar to move plats around the bar [1].    
The most common Belt conveyor systems are in fix positions with all the ancillary equipment placed on or around them, conveyors may connect to numerous other conveyors. There are portable conveyor systems that are designed to be moved around one common such example is a luggage conveyer that moves the luggage from the ground up into an airplane storage compartment, in its fuselage.
With the ever-expanding drive of automation due to economic advantages in industry, people’s roles are becoming ever more redundant as automated machines replace the workers. The automation of the production lines has been one of the most automated areas in industry with Belt Conveyors common place in production lines. The modern production line is now automated, this is achieved by numerous input sensors and output devices actuators and robots that can perform the rolls of traditional worker. The automated production lines that use belt conveyors are controlled by Programmable Logic Computers (PLCs). A PLC is a digital computer that is programmed to automate process and control the production line. The PLC contains a microprocessor that is programmed with a language called ladder logic, written on a computer, and transferred to the PLC via a date link.
This report explains how a PLC can be programmed to automate process and control, a Belt Conveyer system, to sorts aluminium pucks into different boxes depending on their hight and width. The design of the system will be required to differentiate the pucks as they are moving on the Belt Conveyor via optical sensors. The assortment of the puck will be achieved either by pushing the pucks with one of three pneumatic actuated cylinder arms into one of three boxes at the side of the conveyor or by letting the pucks fall off into boxes at each end of the conveyor as shown in figure 1. 
There are 3 different with size pucks size pucks small, medium, and large. Each width size has two hights short and tall meaning there is a total of 6 different size pucks. There are five boxes around the conveyor that the pucks are to be sorted in to depending on their size. The following is a list of what pucks are to be placed in what box and by what action.
Puck Size		         Bin No		     Placement Process
Small Short			1			Cylinder 1
Small Tall			1			Cylinder 1
Medium Short			2			Cylinder 2
Medium Tall			4			Traverse and fall off end of conveyor
Large Short			3			Cylinder 3
Large Tall			5			Reverse conveyor till ejected
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[bookmark: _Toc41465860]Figure 1 Showing the Industrial Control Trainer (290-01) that will be used in this report [2] .
[bookmark: _Toc41465919]Aims and objectives
The aim of this report is to provide accurate puck size recognition and sorting through the programming of a PLC. The puck size recognition will provide real time date that allows the pucks to be systematically and safely sorted into the correct boxes via the appropriate actions that lesson errors which keeps the sorting procedure in operation. The report also aims to design an HMI screen that can display puck accumulation and warning data. Also, the HMI displays errors shut down the system and require operator’s manual clearance via the HMI. 
Mandatory Aims
· Write a ladder logic code that can differentiate six different size aluminium pucks.
· Write ladder logic code that can sort the correct pucks into the correct box.
· Write ladder logic code that can recognise indicate errors and warnings.
· Design then incorporate an HMI in the system capable of data logging, system error controller and visual warning information.
Design Objectives
· The design should control the system and place the pucks in the correct boxes automatically.
· The system should be connected to HMI that displays pertinent error and warning system information.
· The system should be able to display the relevant errors and warnings on an HMI screen.
· The system should stop if an error occurred and be able to be reset via HMI screen.
[bookmark: _Toc41465920]System Block Diagram
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[bookmark: _Toc41465861]Figure 2 Showing the system as a Full System Block Diagram.
[bookmark: _Toc41465921]System features and programming challenges
One of the challenges when writing the code for this system is that it must incorporate all the features set out in the specification brief. The specification states which boxes the pucks are to be places and how they will get there. The coding challenge is figuring a way to get the system to do the following: 
Sorting of various puck sizes: This is done by timing the amount of time the optical sensor 1 is broken for.
The Cylinders and Belt Conveyer for puck placement:  Based on the different sizes and heights of pucks, it is determined whether to operate one of three cylinders, reverse the conveyor or no action at all except keeping the conveyor running.
Activating Errors to stop the system: The program monitors different errors such as obstructed cylinder, status of emergency stops and unidentified objects to trigger an error and stop the system.
Activating Warnings to inform the operator: Warnings are triggered if the any of the bins have more than 4 pucks. This prompts operator to empty the bin and clear the warning to continue the system.
Design HMI for information: HMI screens displays the status of complete operation, errors, and warnings. This also gives operator the control to start/stop the process and clearing the errors and warnings.
[bookmark: _Toc41465922]Operational Flow Chart
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[bookmark: _Toc41465862]Figure 3 Showing the system in an operational flow chart.





[bookmark: _Toc41465923]Error Detection and Operational Check Procedure for Errors
The design needs to incorporates for possible system malfunctions and scenarios that could occurs at any time through machine malfunction or human error. This is an important feature in industrial systems to protect the system and harm to life. This system has been designed to detect a few common possible system malfunctions and scenarios that could occur and lead to system damage or harm to life. The system is designed to take both automatic action and have the ability for manual operator action to mitigate the malfunctions and hazardous scenarios to protect the system and life by stopping the system. Only operator intervention can restart the system. The malfunctions and scenarios are referred to as errors in this design. Below is a list of the errors that the system will feature, any of these errors will stop the system.
· Foreign object detection: The pucks are the only objects that are meant to traverse the Belt Conveyor, there is always the possibility of foreign object getting on to the conveyor that could result in damage, contamination to the boxes or harm to life. In industry the detection of foreign objects is taken very seriously with numerous systems employed to detect these objects before they leave the Belt Conveyor. 

· Cylinder obstruction: The cylinders are used to push some of the pucks into boxes one two and three, they do this by extending across the belt conveyor and the exact time the puck is in line with it. The cylinder is then programmed to retract almost immediately so not to obstruct the belt conveyor path for following pucks. If the cylinder fails to retract this will require an error to occur and stop the system.

· Manual Emergency stops: To have the ability of an Emergency Stop or E-Stop switch in an industrial machine or process is a complementary safeguarding device as it requires manual action. This device should be clearly marked on the operator control panel or HMI, be red coloured and operate in a self-latching configuration. Regulations make these devices mandatory on many systems.
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[bookmark: _Toc41465863]Figure 4 showing the error detection and operational check procedure in a flow chart.
[bookmark: _Toc41465924]Networks and Code

[bookmark: _Toc41465925]Network 1: Cycle Reset
This rung resets the complete cycle and various timers used throughout the program. The reset function is triggered by following:
· 500ms after cylinder 1, 2 or 3 have operated.
· If an item is detected and 6.5 seconds have elapsed with nothing happening i.e. Tall medium item has been detected and no action is required except conveyor running.
[image: ] 

Scenario 1: If any cylinder is triggered, after 500ms the reset bit is energized.
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Scenario 2: If item is detected and 6.5 seconds have elapsed, the reset bit is energized unless there is a master error.
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[bookmark: _Toc41465926]Network 2: Conveyor Start/Stop and Indication Lights.
This rung starts and stops the operation of conveyor. Green light comes on when the conveyor is running while the red light comes on when the conveyor is stopped. The conveyor is also stopped when a master error is detected.
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Situation1: Normal working condition. Green button is pressed, and no errors are present.
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Situation 2: Master error is triggered during the normal operation. The conveyor stops, green light goes off and red light comes on.
[image: ]
[bookmark: _Toc41465927]Network 3: Short and Long Item Detection
If Optical 1 sensor is broken, an item is detected. At this point, it is not confirmed that whether the item is short or tall. If optical 2 is not broken, the item is confirmed as short. However, if optical 2 is broken, the item is confirmed as long.
This rung also includes a timer to wait 1.2s to wait for optical 2 to be broken before short and tall is detected.
Once the reset is triggered, the latched bits become unlatched and the process continues.
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Scenario 1: When optical one is broken.
[image: ]

Scenario 2: When optical 2 is broken after optical 1 is broken. [image: ]

Scenario 3: When reset button is pressed after breaking optical 1 and optical 2.
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[bookmark: _Toc41465928]Network 4: Timing circuit optical 1.
This rung times the total amount of time the optical 1 sensor is broken. This will help in determining the size of rungs in further networks. 
[image: ] 
Scenario: When optical 1 is broken, a timer starts counting for the time it is broken and holds that value in a register until it is reset.
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[bookmark: _Toc41465929]Network 5: Puck Diameter and height detection
Below rung differentiates between the different size and height of pucks based on the timing obtained from previous networks. Due to complexity of the rung, the functionality and the network diagram will be explained in smaller sections as per below. 
[image: ] 






After 1.2 of waiting time for optical 2 to trigger, if the item is detected as short and the time the optical 1 was broken for is between 295ms to 345ms, the item is classified as short narrow item.
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If the item is detected as tall and the time the optical 1 was broken for is between 295ms to 345ms, the item is classified as tall narrow item.
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If the item is detected as short and the time the optical 1 was broken for is between 495ms to 545ms, the item is classified as short medium item.
[image: ]
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If the item is detected as tall and the time the optical 1 was broken for is between 495ms to 545ms, the item is classified as tall medium item.
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If the item is detected as short and the time the optical 1 was broken for is between 690ms to 745ms, the item is classified as short large item.
[image: ]
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If the item is detected as tall and the time the optical 1 was broken for is between 690ms to 745ms, the item is classified as tall large item.
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[bookmark: _Toc41465930]Network 6: Operation of Cylinder 1
As soon as an item is detected, a timer starts counting for 2.5s i.e. amount of time it takes for puck to travel to cylinder 1 and if the puck is short narrow or tall narrow, cylinder 1 is operated. The item is placed in Bin 1.
[image: ]  
Scenario 1: When item is detected via optical 1, timer starts counting. If it is short narrow item, cylinder one is triggered until the system resets as per network 1.
[image: ]

Scenario 2: When item is detected via optical 1, timer starts counting. If it is tall narrow item, cylinder one is triggered until the system resets as per network 1.
[image: ]

[bookmark: _Toc41465931]Network 7: Operation of Cylinder 2
As soon as an item is detected, a timer starts counting for 3.9s i.e. amount of time it takes for puck to travel to cylinder 2 and if the puck is short medium, cylinder 2 is operated. The item is placed in Bin 2.
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[bookmark: _Toc41465932]Network 8: Operation of Cylinder 3
As soon as an item is detected, a timer starts counting for 5.3i.e. amount of time it takes for puck to travel to cylinder 3 and if the puck is short large, cylinder 3 is operated. The item is placed in Bin 3.
[image: ] 
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[bookmark: _Toc41465933]Network 9: Reverse Conveyor Belt Operation. 
As soon as a tall large item is detected, the conveyor reverses for 2.5s to place the puck at the start of the bin.
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[bookmark: _Toc41465934]Network 10: Short Narrow Item Counter
If a short narrow item is detected, a counter increments up and stores the value every time it increments. It can be reset via HMI screen.
[image: ] 
[image: ]
[bookmark: _Toc41465935]Network 11: Narrow Tall Counter and Bin 1 Full Warning
If a short narrow item is detected, a counter increments up and stores the value every time it increments. It can be reset via HMI screen. 
The values stored in short narrow and tall narrow counters are added up to give the total number of pucks in Bin 1. If the total number exceeds 4, Bin 1 full capacity warning is triggered.
[image: ] 
Scenario 1: When a tall narrow item is detected.
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Scenario 2: Warning if the total items in bin 1 exceeds 4.
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[bookmark: _Toc41465936]Network 12: Tall Medium Counter and Bin 4 Full Warning
If a tall medium item is detected, a counter increments up and stores the value every time it increments. It can be reset via HMI screen. 
If the total number exceeds 4, Bin 4 full capacity warning is triggered.

[image: ] 
Scenario 1: When a tall medium item is detected.
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Scenario 2: Warning if the total items in bin 4 exceeds 4.
[image: ]

[bookmark: _Toc41465937]Network 13: Short Medium Counter and Bin 2 Full Warning
If a short medium item is detected, a counter increments up and stores the value every time it increments. It can be reset via HMI screen. 
If the total number exceeds 4, Bin 2 full capacity warning is triggered.
[image: ] 
Scenario 1: When a short medium item is detected.
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Scenario 2: Warning if the total items in bin 2 exceeds 4.
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[bookmark: _Toc41465938]Network 14: Short Large Counter and Bin Full Warning
If a short large item is detected, a counter increments up and stores the value every time it increments. It can be reset via HMI screen. 
If the total number exceeds 4, Bin 3 full capacity warning is triggered.
[image: ] 
Scenario 1: When a short large item is detected.
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Scenario 2: Warning if the total items in bin 3 exceeds 4.
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[bookmark: _Toc41465939]Network 15: Large Tall Counter and Bin Full Warning
If a tall large item is detected, a counter increments up and stores the value every time it increments. It can be reset via HMI screen. 
If the total number exceeds 4, Bin 5 full capacity warning is triggered.

[image: ]  
Scenario 1: When a tall large item is detected.
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Scenario 2: Warning if the total items in bin 5 exceeds 4.
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[bookmark: _Toc41465940]Network 16: Unidentified Object Error
If an item is detected and a tall item is identified, then the tall detector bit will be active.
If an item is detected and a short item is identified, then the short detector bit will be active.
If neither of the detector bit go active, then the item must be an unidentified object
[image: ]  





Scenario 1: Small short item placed on conveyor, item detected and identified as short.
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Scenario 2: Item detected but not identified. After 1.5s unidentified object error is triggered.
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[bookmark: _Toc41465941]Network 17: Tall and Short Counter
IF a tall object is detected, the tall counter increments. If a short object is detected, a short counter increment. These values are then displayed in HMI and reset.
[image: ]  

Scenario 1: If tall item is detected.
[image: ]

Scenario 2: If short item is detected.
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[bookmark: _Toc41465942]Network 18: Cylinder Obstructing Conveyor
If an item is detected, check to see if respective cylinders have retracted after 250ms. If not, obstruction error is triggered.[image: ]
 
Scenario 1: Item detected and identified which starts time delay for cylinder 1. Cylinder 1 goes high, after 250ms and if C1 does not open, it must be obstructed. Error is triggered.
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Scenario 1: Item detected and identified which starts time delay for cylinder 1. Cylinder 1 goes high, after 250ms and if C1 opens, it must have fired. Error is triggered.

[image: ]
[bookmark: _Toc41465943]Network 19: Error byte and Reset
All errors belong in memory locations inside the error byte. If the error byte does not equal 0 then the master error will go high and trigger an error flag..
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[bookmark: _Toc41465944]Network 20: Warning Byte and Reset
All warnings belong in memory locations inside the warning byte. If there are more than zero warnings then the master warning will go high triggering a warning flag.
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[bookmark: _Toc41465945]Network 21: Reset the Master Error
To reset the master error, press green and red button simultaneously.
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[bookmark: _Toc41465946]Implementation of HMI into a fully operational System
[bookmark: _Toc41465947]Main Screen
The Main Screen is the screen that the operator will predominantly see, it starts and stops the conveyor under normal operating conditions. 
[image: ]
[bookmark: _Toc41465864]Figure 5 Showing the Main Screen of the HMI.
The system can be started by the Green Start button that when touched, lights up the green light below, this indicates that the system is operating as part of one the design features this system is required to have. The system can be stopped by touching the Red Stop button and will light up the red light below.
[image: ]
If any warnings of errors are detected the green lights to the left will light up indicating if a warning or error has been detected. The Maintenance Screen button takes the operator to the errors and warnings screen.
[image: ]
This indicated what size puck has been detected by lighting up as the puck is traversing the conveyor. It also keeps a tally of the amount of each size puck.
[image: ]
This displays the total amount of tall and short puck that have been sorted. The totals can be reset by touching the Clear all counters button.
[image: ]
This button is the emergency stop or E-Stop. If pressed the conveyor will stop and require an operator reset to restart it.
[image: ]
[bookmark: _Toc41465948]Error/Warning Screen
This screen is accessed via the Maintenance screen button on the Main screen. This screen is concerned with the errors and warnings that the system can detect. This screen lists all the errors and warnings with lights that light green it indicates that they have been triggered. To clear the errors and warnings there are two buttons labelled clear error and clear warnings that when touched will reset the system and clear the error of warning lights.
[image: ]
[bookmark: _Toc41465865]Figure 6 Showing Error/Warning Screen.
This indicates errors, by lighting the appropriate green light that indicates what error it is by looking to the right to read the error label. These errors can be cleared with the clear reset button.
[image: ]




This indicates the warnings that are detected and lights the appropriate green light. There is a label to the right of each of the green lights to state what the green waning is referring to.  The warnings can be cleared by touching the clear warning button.
[image: ]


[bookmark: _Toc41465949]Evaluation and Suggestions for Improvements

The system that has been designed meets the basic system specification detailed in the brief. The addition of the following suggestions could possibly make the system safer and possibly more efficient but would also add additional complexity that may make it less reliable.
· Suggestion: Conveyor speed detection sensor
Reason: The method in which this program differentiates between the various puck size is by how long they take to pass though the optical sensor. Any fluctuation in conveyor speed effects this method. By having accurate conveyor speed information, an alternate method could be designed that is more accurate if conveyor speed changes.

· Suggestion: The system has a function to shuts down automatically if no pucks pass the optical sensors for a certain amount of time.
Reason: By having an auto shut down the system will automatically turn or after a set period if it detects no action. This will save operating energy costs and extend the working life of the system by lowering its operating time that results in less ware on moving parts. 

· Suggestion: Installing an air preasure sensor.
Reason:  The cylinders require the correct air pressure to operate correctly. An air sensor could alert the system if the air preasure in the system was too high or too low and take appropriate action by first giving a warning and then an error if the preasure becomes too high or low. 


· Suggestion:  A warning buzzer that can produce various sounds on the Belt Conveyor and a buzzer next to the HMI.
Reason: The use of a buzzer to produce sound next to a Belt Conveyor for warning is very useful, it will warn people that the machine is about to start and that they should get to a safe distance from its operation. The placement of a buzzer next to a HMI can also alert operators who may be far away from the Belt Conveyor to errors and warnings have occurred.
 
· Data Logging: Data logging feature. Being able to record system information and operational information.
Reason: Having system information such as how long in hours the system has been in operation will provide the operator with information of service intervals. Being able to produce and store operational information such as daily sort rate and totals would provide automatic calculation of the systems performance and provide production output figures calculations automatically. 
[bookmark: _Toc41465950]


Conclusion
A PLC system has been designed and tested that meet most of the objectives set out in the design specifications. The system has not got a conveyor speed indicator, and this would provide the system with important information and could be used in a speed error detection, that stops the conveyor if it speed exceeds a certain level. The system has further room for improvements that are listed in the recommendations. 
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Appendix
[bookmark: _Toc41465953]Complete list of Tags use in the Program.
Below is a full list of all the tags that were used in the program code.
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