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Abstract
This report displays a TIA V16 PLC program capable of controlling the conveyor belt training board. The program will sort different size objects into the relevant storage bins. A fully functional HMI screen will also be included along with timing diagrams and flow charts.  
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[bookmark: _Toc40702282]Introduction
The assignment brief requires a PLC control system that has the capability of sorting an assortment of different aluminium pucks using the Siemens PLC software. The pucks that need to be sorted will come in 5 different sizes and they will need to be sorted into the 5 different boxes.  A fully operational HMI display will also be required to give a visual indication that the system is running as required. The HMI will also display error and warning lights which can be controlled and reset by the operator. The screen must display an emergency stop and a separate warning/error screen.  























[bookmark: _Toc40702283]Potential Warnings and Errors
The first task was to fully understand the design brief and to start thinking of possible problems and solutions. Below are some of the of the initial errors and warnings. All errors will stop the conveyor belt until the problem has been removed. Warnings will flash to notify the operator that there is a less serious problem that should be looked at.
Boxes full: The pucks will be placed on the conveyor belt and sorted into different boxes. Due to the size of the pucks , the boxes will fill up fairly quickly. It is important that the system stops pucks from travelling along the conveyor when the boxes are full s this could cause potential damage to the equipment or injury to employees. For those reasons boxes full will be an error.
There will also be warnings triggered for when the boxes are nearly full. This will give the operator a chance to empty the boxes without the error flag stopping the system.
Air  pressure: The air pressure of the cylinders will be very important to the process. If the pressure is too high or low then the cylinders will fire at the wrong time which will cause block ups on the conveyor or leave the cylinder stuck out. There will be tolerances for what the air pressure can be, therefore air pressure will be listed as an error and warning. Due to the equipment available the air pressure error will not be functional. Additional inputs will be required.
Belt speed: The belt speed needs to be measured as part of the specification. This will then be used to create an error if the speed is not within the desired limits. The Belt speed is very important to the timings as if the speed changes then the cylinders will be firing at the wrong time and the pucks will not be sorted as intended.
Foreign objects: This is a potential error that would be triggered when an unwanted item is found on the conveyor. The pucks are going to be sorted by height and width. If an object is not within the set parameters then the system will stop until reset. An unwanted item could cause a health and safety risk and damage equipment
Auto sleep: Auto sleep could be an error which would be triggered by inactivity. If no material was picked up by the sensors for a set time then the system would stop. The operator would need to reset the program when ready. This could be an error or warning.
Cylinders Stuck: If any cylinders are stuck in the out position then it would block any objects from being sorted into the boxes. This would need to be an error as it would require the system to be stopped.
Software Error: This is a potential error that could cause the software to malfunction. This would require an engineer for fault finding.
Power Supply: The process is reliant on electrical power. If the process was critical then a back-up power supply, such as a generator, could be installed.
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The first task was to design the operational flow chart for the system. This was developed over a few stages until the objective was achieved. The PLC program then follows the same structure.
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[bookmark: _Toc40702286]Timing Diagrams & Program Networks
[image: ]
Below: Conveyor belt will start when green button is pressed and stop when red button is pressed.
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Network 2:
[image: ]
Below: Green light will start and stop along with the conveyor.
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Below: Red light will be on when the conveyor is inactive.
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Network 3:
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Below: Timing diagram for input 1 when master reset is activated.
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Below: Timing diagram for input 1 when error flag is activated. [image: ]

Network 4:
[image: ]
Below: Network 4 during normal operation. Master reset will un-set input 2.[image: ]
Network 5:
[image: ]
Below: Tall puck will be set when input 1 is set.
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Network 6:
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Below: Master reset will reset the puck time and a new reading will be given for the next puck.
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Network 7:
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Below: Narrow puck will be set when the puck time is within the set parameters.
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Network 8:
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Below: Medium puck will be set when the puck time is within the set parameters[image: ]

Network 9:
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Below: Wide puck will be set when the puck time is within the set parameters.
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Network 10:
 [image: ]
Below: Time delay (2.5s) to allow puck to travel along conveyor to cylinder 1.
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Network 11:
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Below: Longer delay (3.9s) to position puck correctly.
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Network 12:
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Below: Longest delay (5.3s) to allow correct puck position.
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Network 13:
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Below: 5s delay to allow puck to enter box 4. Reset 1 will trigger mater reset  and reset the system ready for next ouck.
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Network 14: 
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Below: Reveres triggered, First timer will allow puck to entre box 5. Belt to return to normal direction after second timer.
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Network 15:
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Below: Master reset for cylinders 1,2 and 3. Delay to allow puck to enter correct box before resetting. 
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Below: Reset 1 or 2 can trigger master reset.
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Network 16:
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Below: Any word memory location to set master error.
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Network 17:
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Below: Master error to set error flag.
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Network 18:
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Below: Any warning memory location to set warning flag. [image: ]
Network 19:
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Below: Output to be set when counter reaches 10. Counter to be reset when boxes are empty. [image: ]
Network  20:
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Below: Output to be set when counter reaches 10. Counter to be reset when boxes are empty.
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Network 21:
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Below: Output to be set when counter reaches 10. Counter to be reset when boxes are empty.
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Network 22:
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Below: Output to be set when counter reaches 10. Counter to be reset when boxes are empty.
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Network 23:
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Below: Output to be set when counter reaches 10. Counter to be reset when boxes are empty.
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Network 24:
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Below: Green and red button pressed simultaneously will set all outputs.
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Network 25:
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Below: Time it takes for puck to break both sensors. Reset to be triggered after 2s.
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Network 26:
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Below: Belt time to belt speed conversion.
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Network 27:
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Below: Box 1 counter to display on the HMI. Each time cylinder 1 is activated the counter will increase by 1.  same operation for all counters.
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Network 28:
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Below: Box 2 counter during normal operation.
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Network 29:
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Below: Box 3 counter during normal operation.
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Network 30:
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Below: Box 4 counter during normal operation.
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Network 31:
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Below: Box 4 counter during normal operation.
[image: ]
Network 32:
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Below: Box 1 80% full warning. Cylinder 1 activation will add 1 to the counter. The counter value is set at 8 which is 80% of the full capacity.
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Network 33:
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Below: Box 2 80% full warning during normal operation
[image: ]
Network 34
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Below: Box 3 80% full warning during normal operation.
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Network 35:
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Below: Box 4 80% full during normal operation.
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Network 36:
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Below:  Box 5 80% full during normal operation.
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[bookmark: _Toc40702287]HMI Display & Operator Check Procedure
Below is the HMI root screen for the PLC system which contains the following:
· Emergency stop button
· Start & stop button
· Belt speed display
· Puck time display
· Green & red lights to indicate if the conveyor belt is running
· Box counter displays
· Time & Date
· Error & warning flag lights
· Puck height & width selection indicators.
[image: ]
[bookmark: _Toc40702288][image: ]Start & Stop Buttons
The start and stop buttons are located at on the left hand side of the root screen. The green 'start' button is used to start the conveyor belt whilst the red 'stop' button is used to stop the conveyor belt. When pressed the buttons will also light up.
Both buttons can be pressed at the same time to perform a reset of the box counters.
[bookmark: _Toc40702289][image: ]Warning & Error Flag 
When a warning or error is triggered within the system these lights will turn from green to red. If a warning is triggered then the system will continue to run however it is advised that the operator checks what the warning is. This can be done by pressing the warning light. When the error is triggered the system will stop immediately. The operator will need to press the error light to access the error & warning page where the system can be reset. (More details below) 

[bookmark: _Toc40702290]Emergency Stop
[image: ]The emergency stop button is located at the top right hand side of the screen. This should be pressed whenever there is a safety risk or a problem with the system. The emergency stop is an example of what will trigger the error light and stop the system. The error reset procedure should be followed if the emergency button has been used.

[bookmark: _Toc40702291]Belt Speed
[image: ]The belt speed display simply displays the speed that the conveyor is moving. This is measured with a tall puck and the 2 optical sensors. The speed is displayed in millimetres/second and should be 47mm/s. The operator should regularly check on this. 
[bookmark: _Toc40702292]Puck Time
[image: ]The pick time is very important for the system as it is used to determine the width of the pucks. 
The time is set by how long optical 1 sensor is broke for, the wider pucks will break the beam for longer. The time is displayed in milliseconds. 

[bookmark: _Toc40702293]Puck Height & Width Display
[image: ]This display is a set of 5 lights that will show the selection process. Each light is labelled as shown. When a tall or short puck is detected on the belt then that light will turn on. The same will happen for the puck width. This is a useful tool that the operator can use to make sure that the correct cylinders are firing. It can also be used by an engineer if any fault finding is required. 
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[bookmark: _Toc40702294]Box Counter Display
This display contains a counter for each box. The counter will rise as the box fills up. There are also 2 lights that will indicate if the system is running. If the counters are rising when the red light is on then it will indicate to the operator that there is a fault. The counters need to be reset by the operator. This is done by pressing the green and red button together. 




[bookmark: _Toc40702295]Time & Date
[image: ]This is a simple display of the time and date. This can be used by the operators and removes the need for a mobile phone which could pose a safety risk.
[bookmark: _Toc40702296]Warning & Error Screen

[image: ]
Above is the error and warning screen that can be accessed by pressing either the warning or error light on the root screen. 

[bookmark: _Toc40702297]Error & Warning Indicator 
[image: ]There is a list of errors on the left and warnings on the right. Each warning or error will have a light which will turn on when triggered. This light will stay on to give the operator an indication of the fault condition. The light will stay on until the operator has reset the system .
[bookmark: _Toc40702298][image: ]Program Reset
Once an error has been triggered the operator will need to reset the system before continuing. Firstly they will need to remove the error, such as empting a full box. The operator will need to remove the and reset the program to continue running. This can be done by clicking the blue man icon. Once this is done the error or warning light will be removed.

[bookmark: _Toc40702299][image: ]Home Button
Following the removal of any warning or error the operator will need to return to the home screen to start the program. This can be done by pressing the home button. 

[bookmark: _Toc40702300]Warning Example
Below is an example of how the screen will look during a warning. This warning has been triggered by box 1 being 80% full. The warning light is red but the system has continued to run.
[image: ]

[bookmark: _Toc40702301]Warning Procedure 
[image: ]
[bookmark: _Toc40702302]Error Example
Below is an example of how the screen will look during an error. The error has been triggered due to box 1 being full. Both the warning and error lights have turned red and the system has stopped running.
[image: ]
[bookmark: _Toc40702303]Error Procedure
[image: ]
[bookmark: _Toc40702304]Audit Document 
The table below shows all the errors and warnings within the system. The fault column gives a description of the fault whilst the reset column describes the procedure required to reset the fault. 
	
Fault Code

	
Fault
	
Reset

	Emergency Stop
	Error - Located on the HMI root screen, can be pressed by operator at any time.
	Remove emergency - Error screen - Reset icon - Home screen icon - Start conveyor.

	
Box 1 full
	Error - Pilot light on error screen. Will be triggered when 10 items are in box 1 for narrow pucks.
	Empty box - Error screen - Reset Icon - Home screen icon - Reset Counters - Start conveyor.

	
Box 2 full
	Error - Pilot light on error screen. Will be triggered when 10 items are in box 2 for short medium pucks.
	Empty box - Error screen - Reset Icon - Home screen icon - Reset Counters - Start conveyor.

	
Box 3 full
	Error - Pilot light on error screen. Will be triggered when 10 items are in box 3 for short wide pucks.
	Empty box - Error screen - Reset Icon - Home screen icon - Reset Counters - Start conveyor.

	
Box 4 full
	Error - Pilot light on error screen. Will be triggered when 10 items are in box 4 for tall medium pucks.
	Empty box - Error screen - Reset Icon - Home screen icon - Reset Counters - Start conveyor.

	
Box 5 full
	Error - Pilot light on error screen. Will be triggered when 10 items are in box 5 for tall wide pucks
	Empty box - Error screen - Reset Icon - Home screen icon - Reset Counters - Start conveyor.

	
Air pressure bellow 25%
	Error - When the air pressure drops bellow 25% the error flag will be set.
	Check for fault - Increase pressure to desired level - Error screen - Reset Icon - Home screen icon - Start conveyor

	Belt speed
	Error - If the belt speed is <46 or >48 then the error flag will trigger. 
	Call engineer to fix belt speed - Error screen - Reset Icon - Home screen icon - Start conveyor

	Box 1 80% full
	Warning - Box 1 nearing capacity. Operator to prepare to empty storage boxes before error occurs.
	Empty boxes -  Reset counters - Warning screen - Reset icon - Home icon - Conveyor to continue running

	Box 2 80% full
	Warning - Box 2 nearing capacity. Operator to prepare to empty storage boxes before error occurs.
	Empty boxes -  Reset counters - Warning screen - Reset icon - Home icon - Conveyor to continue running

	Box 3 80% full
	Warning - Box 3 nearing capacity. Operator to prepare to empty storage boxes before error occurs.
	Empty boxes -  Reset counters - Warning screen - Reset icon - Home icon - Conveyor to continue running

	Box 4 80% full
	Warning - Box 4 nearing capacity.  Operator to prepare to empty storage boxes before error occurs.
	Empty boxes -  Reset counters - Warning screen - Reset icon - Home icon - Conveyor to continue running

	Box 5 80% full
	Warning - Box 5 nearing capacity. Operator to prepare to empty storage boxes before error occurs.
	Empty boxes -  Reset counters - Warning screen - Reset icon - Home icon - Conveyor to continue running

	Air pressure below 50%
	Warning - Air pressure below ideal levels. Operator to increase levels before error occurs.
	Increase pressure - Warning screen - Reset Icon - Home icon - Conveyor to continue running.



[bookmark: _Toc40702305]System Block Diagram
Below is a simple block diagram for my design:
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[bookmark: _Toc40702306]Suggested Improvements
The system currently meets the specification but there is still room for improvements:
· The first improvement would be to have a 'foreign object' error. This would be triggered when an unwanted object is on the conveyor belt. Currently any foreign objects would end up in box 4 as no cylinders would be activated. The improvement would cause the conveyor to stop and allow the operator time to remove the item.

· Currently the puck needs to be sorted into the relevant box before the system is reset and another puck can come through. If multiple pucks come through in a short space of time then not all the pucks will be sorted. An improvement would be either to redesign the system to allow multiple pucks to come through or a system in place that prevents another puck to be placed on the conveyor until the previous has been sorted.

· Storage box pressure sensor - These sensors would serve two purposes. 1 would be to recognise when there is no storage box  in position. The system would then stop to prevent any materials/puck being pushed onto the floor. The second purpose would be to measure how full the boxes are. Currently counters of 10 are used to determine if the boxes are full even though the pucks have varying physical size. Using a set weight for the error flag would allow all boxes to be full.

· Analysis - A data logger to record the total amount of errors and warning that occur. This data can track common faults with either the equipment or operators and changes can be made accordingly.

· Running time logger -  To trigger multiple service/maintenance alarms for the various components. This would help maintain the equipment and reduce any downtime caused by poor maintenance. 

· A tachometer could be fitted to the motor to give a secondary speed measurement. The belt speed is critical to the timings of the system. Currently belt speed is only measured with tall pucks to this would improve the accuracy.

· User log in for the HMI - This allow traceability for any operation mistakes and would prevent untrained employees causing damage or danger by operating the system without permission. A different user face could also be created for staff who are highly trained. This would include additional controls or resets based on their knowledge. 
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