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[bookmark: _Toc40701245]Introduction
This report details the design of a PLC based control system that identifies and sorts a set of items based on their height and diameter. An industrial simulation board produced by LJ create is what the program will be downloaded onto and consists of a conveyor with 5 different storage locations. The items which need to be sorted are aluminium pucks which come in 6 different sizes, small medium and large widths, with each width having a tall and short variant. According to the specification the pucks are to be sorted accordingly:
	Width
	Height
	Storage bin
	Action

	Small
	Tall
	2
	Cylinder 1

	Small
	Short
	2
	Cylinder 1

	Medium
	Tall
	1
	Continue conveyor

	Medium
	Short
	3
	Cylinder 2

	Large
	Tall
	5
	Reverse conveyor

	Large
	Short
	4
	Cylinder 3



The image below shows the layout of the simulator, the image has been taken from the Human machine interface.
[image: ]
The specification requires a Human machine interface giving the operator a visual representation of the systems status. The HMI will display information such as the number of each item sorted and any errors or warning detected.
[bookmark: _Toc40701246]Block Diagram
Using the components seen on the simulation board a basic block diagram has been drawn up using Yed graph editor. The image below shows all of the inputs and outputs connected to the PLC

[image: ]
[bookmark: _Toc40701248]Strategies
To help select the best route to go down with the program, some possible strategies are analysed.
Calculating puck size using time references:
· Setting the CPUs date and time will allow for recording the timings of events. The time that optical 1s beam is broken is read, along with the moment it is closed. The time difference between these two timings equals the amount of time the beam is broken for. This is the puck size.
Calculating puck size using a time accumulator:
· A time accumulator would be used to measure the amount of time that optical 1 was broken for. 
The first method is advantageous in some ways as it provides the ability to record the times that items were sorted, this data could be placed in a log for analysis or displayed in a graphical representation using the HMIs trend view. This is not necessary as it is not in the specification. Therefor the time accumulator will be used because of its simplicity.
The next stage to the design is finding the correct timings to move items into their designated bin. This was achieved using some trial and error on the Simulation board. Here is the timings that were acquired.
	Location
	Time from optical 1 (ms)

	Cylinder 1
	2500

	Cylinder 2
	3900

	Cylinder 3
	4500

	No action (end of conv)
	6500



The Large tall item is sent back to the start of the conveyor using reverse, 2500ms in reverse (from optical 2)will move the item to the desired bin.

[bookmark: _Toc40701247]Flow Chart
 After studying the design requirements and the components available, a basic control system was designed using a flow chart. Here is the sorting process with no errors present drawn up on Yed graph editor:

[image: ]
Times used are for demonstration, final timings will be detailed further down in the report.
The system will utilise a counter to determine how long the item broke optical 1 for whilst passing down the conveyor. The item sizes were measured in order to find out suitable limits to be used in sorting. The time taken for the item to pass optical 1 is in milometers. Here are the ranges selected:
	Width
	Lower Limit (ms)
	Upper Limit (ms)

	Small
	295
	345

	Medium
	495
	545

	Large
	690
	745



Measurements may not come out exactly the same each time down to possible slight variations in belt speed or puck size. 
Once the width of the puck has been identified, the short variants need to be distinguishable from the tall. In order to achieve this, the second optical sensor is mounted higher above the conveyor than the first one where only tall pucks will break its beam. The first sensor will identify width and the second will identify height.
Once the item has been fully identified it needs to be sorted into the relevant bin. This is achieved using timers to either move the items to either end of the conveyor or to activate pistons which will knock items into the desired location. After each item has been sorted the system will be reset allowing for the next sorting. If the red button is pressed the conveyor will halt and the red light will be present. 
[bookmark: _Toc40701249]Errors
The specification states that any errors that occur are to halt the conveyor. This is done to protect the system from a possible danger that has been detected. Most possible malfunctions/scenarios result in a fail in sorting which is unacceptable.
	[bookmark: _Toc40701250]Error
	[bookmark: _Toc40701251]Description

	[bookmark: _Toc40701252]No Air pressure 
	The Pistons in the cylinders are pneumatically powered and controlled by the PLC. The air supply has to be manually pumped to maintain pressure. If there is no air pressure the pistons will not fire. Causing an item to be sorted into the incorrect tray. 

	[bookmark: _Toc40701253]Belt speed high
	As items are identified as they move along the conveyor, once identified they are assigned to their relevant storage bin. In order to move the item into storage bins opposite the pistons a timer is used to delay the piston until the puck is directly inline. The item must be in front of the piston when it fires in order for it to be successfully moved into the bin. If the belt speed is too fast then the timings will be out, causing a fail in identification or a fail in sorting. An error will be introduced for high  belt speed. Belt speed is calculated using the second optical sensor limiting only tall pucks to be used to measure belt speed.

	[bookmark: _Toc40701254]Foreign object
	The system is only designed to sort 6 different sized items. As the items pass through two optical sensors they are identified. An item that cannot be identified should not be on the conveyor and could pose a risk to the system or incorrect sorting. To prevent this if a foreign object is detected then the conveyor is to halt. And await restarting 

	[bookmark: _Toc40701255]Piston malfunction
· [bookmark: _Toc40701256]C1 
· [bookmark: _Toc40701257]C2
· [bookmark: _Toc40701258]C3
	The cylinders are to fire and retract immediately leaving the conveyor clear. If the cylinder does not retract then the conveyor will be obstructed. The next item could then fail to sort. To prevent this, the conveyor will halt if any of the pistons do not retract.


	[bookmark: _Toc40701259]Emergency stop
	An emergency stop has been added as a safety feature. In many industrial control systems a physical Emergency cut off must be incorporated. In this case, the emergency stop has been placed on the root screen on the HMI as there isn’t one available on the board.



This is the Error check process flow chart:
[image: ]
Note: The no air pressure check is done on pucks that do not require use of the pistons; if a piston has been signalled to fire, has it reacted?
The emergency stop can be pressed at any time and will provide an error which requires clearing.
[bookmark: _Toc40701260]Warnings
Warnings have been written into the program in order to indicate a possible incoming error. The warning does not halt the conveyor but simply activates an indicator on the HMI. Here are the warnings incorporated in the system:
	[bookmark: _Toc40701261]Warning
	[bookmark: _Toc40701262]Description

	[bookmark: _Toc40701263]belt speed
· [bookmark: _Toc40701264]Low belt speed warning
· [bookmark: _Toc40701265]High belt speed warning

	To allow for a slight vary in conveyor speed the limits for identification will be slightly bigger to compensate. The system should still be able to sort with an increase/decrease in conveyor speed of a small amount. 





[bookmark: _Toc40701266]HMI Design
Touch screen 7” interface displaying counters and providing basic control.
[bookmark: _Toc40701267]Root Screen
[image: ]
[bookmark: _Hlk40683390]




[bookmark: _Toc40701268]Error/Warning Screen
[bookmark: _Hlk40683426]This screen is used for fault finding and displays the error/warning present. This screen is accessed via the root screen and is necessary to clear errors. Without this screen, the error would have to be identified by visual indicators. 

	[image: ]


[bookmark: _Toc40701269]Simulation screen
Ideally this would be functional using animations, however this would take some time and was not in system requirements.
[image: ]
[bookmark: _Toc40701270]PLC Code
[bookmark: _Toc40701271]Operational flowchart
All sorting via the cylinders will follow same operation, Medium small sorting:
[image: ]

[bookmark: _Toc40701272]Network 1
Network controls the status of the system, Here is where the conveyor is latched along with the green light
[image: ]
Diagram; program under normal operation. The program begins with the red light(%Q0.6) on, the  green button(%I0.6) is pressed causing the conveyor and green light to come on. When the red button is pressed the conveyor(%Q0.3) stops and the red light comes back on. When the green light isn’t on, the red light is.
[image: ]
The second image shows the networks reaction to an error signal coming from the master error. When the master error tag at %M110.7 goes high the conveyor and the green light outputs go low allowing for the red light to come back on. The program would await a reset on the master error flag which is set whenever an error is present.
[image: ]
[bookmark: _Toc40701273]Network 2
This network is used to create an execute output, this tag can be used as a trigger further down in the program. 
[image: ]
This image shows the networks reaction when an item passes down the conveyor. When optical 1 (%I0.3) is broken and the reset(%M100.0) is not present then the execute tag is latched on. When the reset tag (%M100.0) goes high, execute(M102.4) will no longer be latched.
[image: ]
This image shows the networks reaction to an error signal. Optical 1 is set causing execute to go high. The master error is then set causing execute to go low. master error is used to activate the reset.
[image: ]
[bookmark: _Toc40701274]Network 3
Similar to the previous network, Network 2 creates another execute tag. Again introduced to be used as a trigger.
[image: ]
This image shows the networks reaction when an item passes down the conveyor. When optical 2 (%I0.4) is broken and the reset is not present then the execute 2 tag(%M102.2) is latched on. When the reset tag (%M100.0) goes high, execute 2 will no longer be latched.
[image: ]
This image shows the networks reaction to an error signal. Optical 2 (%I0.4) is set causing execute 2 to go high. The master error is then set causing execute to go low. master error is used to activate the reset.
[image: ]
[bookmark: _Toc40701275]Network 4
This network is used to identify short pucks from tall pucks by setting a short output. 
[image: ]
The tag “short_bit”(%M113.1) is latched on if optical 2 is not broken and execute is high. Optical 2 is mounted higher than optical one and won’t be broken by a short puck. The assumption can be made that if  optical 2 isn’t broken but execute is high then the item on the conveyor is short. The output will go negative with the reset
[image: ]

[bookmark: _Toc40701276]Network 5
Network 5 is used to measure the “Pucktime” (%MD200) this is the tag name given to the time that optical  1 was broken for. 
[image: ]
A Time Accumulator instruction is used to measure the time in Milliseconds, a normally closed switch represents optical 1 meaning when an item breaks its beam the accumulator will start timing. This value is used to identify the puck width(pucktime %MD200) and is displayed on the HMI. The reset pin of the accumulator is set when the reset tag goes high, causing the value of puck time to return to zero. 
Below the puck time signal is seen being held at the output until the reset is present.
[image: ]
[bookmark: _Toc40701277]Network 6
Network 6 is used to measure the time between when the first optical sensor is broken and when the second is broken.
[image: ]
The period of time that execute one is high and execute 2 isn’t, is measured by a time accumulator. The output is named Conveyor time(%MD216) and will produce a value in milliseconds. This value will remain on the output until the reset tag goes high, returning the value to zero. The PT input is set at 1500ms and is the maximum duration of time recording. 
[image: ]
[bookmark: _Toc40701278]Network 7
Network 7 alongside the previous network allow for the calculation of the conveyor speed. Due to two points of measurement required for a conveyor speed calculation, only tall pucks can be used as they are the only ones that break optical 2.
[image: ]
When the execute tag is high and the short bit is closed then a T_Conv instruction is used to convert the Conveyor time into a Double integer under the name of Conveyor count (%MD300). A Divide instruction is then used to calculate “conveyor speed” (%MD304):

[image: ]
The conveyor speed signal will return to 0 with the reset.
[bookmark: _Toc40701279]Network 8
This network creates a slight offset which can be used further down in the program.
[image: ]
The rung is set up so that when Execute goes high, after a 2 second delay (provided by a ‘Time on delay’ timer) the output named “offset” (%M102.5) goes high.
[image: ]
Returns to zero when execute is reset
[bookmark: _Toc40701280]Network 9
This network is the first of the identification networks. The first rung is for the small and short items.
[image: ]
 The first part of the first rung waits for the “valid”(%M116.0) tag to go high (1200ms after execute). If “short bit” remains closed, and the value of “pucktime” is more than or equal to 295ms and less than or equal too 350ms, then the outputs are enabled. The two outputs are assigned to the “Small short” identifier tag(%M114.0), and the “Small S indicator” tag(%M104.0). Everything will return low after the reset.
[image: ]
The second rung is identical however it is for the Small and tall pucks. 
[image: ]
When the short bit tag is closed (tall puck has broken its beam), the comparators will check to see if the value of “pucktime” is between the previously stated limits. If the item meets these conditions then the two outputs on this rung will go high. These outputs are the “Small tall” identifier (%M114.1), and the “Small T indicator” (%M102.0). This rung will go negative once a reset takes place as valid is a delayed version of execute.
[image: ]
[bookmark: _Toc40701281]Network 10
This network handles the medium puck identification.
[image: ]
Like the previous network there are two rungs one for short and one for tall. The mechanism is the same only different limits are set on the comparators (if “pucktime” >= 495ms and <= 545ms item is medium). The outputs on the first rung are the “Medium short” identifier (%M114.2) and the “Medium S indicator” (%M108.0).
The timing diagram for the first rung is similar to the one seen in network 9 however the reset is slightly later.
The second rung is for identifying Medium Tall items. If the short bit is closed and the value of puck time is between the comparators, the outputs go high . The outputs on the first rung are the “Medium tall” identifier (%M114.3) and the “Medium t indicator” (%M106.0).
Medium Tall items would travel to the end of the conveyor, and are not reset by a cylinder but reset when execute has been high for 6.5 seconds.
[image: ]
[bookmark: _Toc40701282]Network 11
This network handles sorting the large pucks
[image: ]
Like the previous two, there are two rungs, one for short and one for tall. The limits set on the comparators are ; if “pucktime” >= 690ms and <= 745ms item is medium. The outputs on the first rung are the “Large short” identifier (%M114.4) and the “Large S indicator” (%M126.0).
The second rung is the Large tall equivalent, controlling the “Large tall”  identifier tag (%M114.5), and the “Large T indicator” tag (%M124.0)
Large tall items are sent back down the conveyor using reverse, The 
[bookmark: _Toc40701283]Network 12
After identifying the pucks, they need to be sorted into their relevant storage bin. The first rung activates cylinder 1 and counts the puck type.
[image: ]
This network moves both Small and tall pucks into storage bin four (simulation diagram). The time taken for an item to travel down the conveyor and be in line with Cylinder1(%Q0.0) is 2500ms. When execute is enabled, a time on delay begins to count. Once it has reached 2500ms an object will have been identified (small short first image) activating the cylinder. The counters are triggered on the positive edge of the identifier. An increment instruction is used to move the count up by one every time there is an identification. (dotted line = time delay)
[image: ]
The second image shows the sorting of a Small tall item.
[image: ]

This rung belongs to network 12 and is the Cylinder2 activation. Unlike the last, only 1 puck size belongs in bin 3; medium short.
[image: ]
When execute is high a time on delay of 3.9 seconds will begin to count. By the time the on delay has ended the medium short identifier has already gone high (identifier will go high 1500ms after execute when valid goes high). Cylinder 2 will fire and return after 500ms (reset). The value of Medium S count is raised by 1 on positive edge of “medium short”.
[image: ]








This rung fires cylinder 3. Only 1 puck size belongs in bin 3; Large short.
[image: ]
When execute is high a time on delay of 5.3 seconds will begin to count.  Identifier will go high 1500ms after execute when valid goes high). Cylinder 3 will fire and return after 500ms (reset).
[image: ]
This rung sorts the Large and tall pucks. It is specified that the large tall must be moved to bin 5.
[image: ]
large tall item is placed on the conveyor the item will be identified when verified goes high, immediately setting The reverse conveyor output. On the positive edge of large tall, The Large T count will be incremented by 1. A time off delay will hold the output logic level of the rung high for 2510ms. During this time period a time on delay of 2500ms is activated. This timer will reset the “Reverse conv” output and activate “Reset3” just before the on delay times out. 
[image: ]
[bookmark: _Toc40701284]Network 13
This network is where the next item reset takes place.
[image: ]
The first rung contains the Piston resets and state that if the cylinder sensors change to a value of 1 (extended) then after a time on delay of 500ms a reset is activated.
If “reset2”/”reset3” is activated the master reset is also activated.
When execute goes high (optical 1 broken) a reset timer begins immediately. There is no operation that takes place over 6500ms after opTtical1 is broken therefore the system can reset. This for the medium tall pucks which are to be moved to the end of the conveyor with no action to provide a reset.
The master error also Activates the master reset.
[bookmark: _Toc40701285]Network 14
When the red and green button are pressed simultaneously all counters are reset to 0.
[image: ]
[bookmark: _Toc40701286]Network 15
In order to count the Medium tall pucks this network has been added.
[image: ]
When a medium tall puck has been identified, the “Medium T count” will increase by 1.
[bookmark: _Toc40701287]Network 16
The HMI displays the total number of tall pucks and the total number of short.
[image: ]
When the Execute input is high, and a puck size has been identified, a positive trigger instruction increased the value of the “tall”/”short” value by activating an increment instruction. 
[bookmark: _Toc40701288]Network 17
This is the network used to detect if there has been a cylinder malfunction.
[image: ]
The error signal is achieved by setting a “cylinder out” flag for each of the cylinders. Execute goes high causing a 5900ms time on delay, after this delay if a cylinder sensor is open (meaning the cylinder is extended) then an error will halt the conveyor. 
[bookmark: _Toc40701289]Network 18
This network detects abnormal conveyor speeds by comparing the conveyor speed to a series of comparators.

[image: ]

[bookmark: _Toc40701290]Network 19
The system is designed to sort only 6 different size pucks, unidentified object will trigger error.
[image: ]
When an item is identified, The “object identified” output (%M114.6) will be set.
When execute and valid are both closed, a time on delay of 2000ms will begin. Once this is over the object identified tag will be checked if it has a value of 0  then there must be a foreign object on the conveyor. The “Foreign object” output will be set (%M110.4).
[image: ]

Operation when object identified:
[image: ]
The “reset” tag activates after sorting and will return all logic levels to 0
Operation when foreign object detected:
 [image: ]
Foreign object present, error requires clearing
[bookmark: _Toc40701291]Network 20

This network detects if the cylinders have fired under instruction.


[image: ]
To start the second rung of the network will be analysed. If any of the cylinders fire, there is a 250ms delay before the output “Pressure time” (%M116.1) goes high.  
[image: ]
This is operation if the piston takes more than 250ms from firing to being fully extended.
[image: ]
If it had air pressure then the piston would fire and the cylinder 2 sensor would show 0.
[bookmark: _Toc40701292]Network 21
Network 21 sets the master error flag. This flag is used in the first couple of networks and will halt everything if set.
[image: ]
Any of the errors seen above will trigger the immediate stop.
[bookmark: _Toc40701293]Network 22
In order to reset the master error flag, then all of the errors themselves must be reset.  
[image: ]
Clearing errors can be achieved by either pressing the Green and Red button simultaneously or alternatively via the HMIs error/warning screen.
[bookmark: _Toc40701294]Network 23
As well as Errors there is warnings incorporated into the design. Warnings will not halt the conveyor only activate a visual indicator.
[image: ]
The first rung of network 23 sets the master warning. If either of the warnings are activated, then the master warning flag is set.
The warnings are cleared either via the HMIs clear warning button.
[bookmark: _Toc40701295][image: ]


[bookmark: _Toc40701296]Conclusion 
The design met the system requirements and successfully sorted the pucks to the correct bins. The HMI functions as intended with several indicators including an additional simulator screen. All warnings and errors were tested on the simulator.
The program was not written efficiently, initially attempting to sort the pucks using the time recordings, unfortunately time spent on that was wasted as it was unnecessarily complex. Program structure could be improved; more relevant order.
[bookmark: _Toc40701297]Improvements
The system meets the design requirements however there are many improvements that could be made.
	Improvement 
	Description 

	Automatic standby 
	For example, if no item has passed along the sensor in 5 minutes, then the conveyor would halt and the program would wait for the green button to be pressed again.

	Additional Sensor 
	An additional optical sensor could be added to allow a belt speed calculation for tall and sort items as opposed to just the tall.

	Webserver data logging 
	The Webserver could be enabled allowing data logs of every identified item along with their time and date stamp. The webserver can be accessed remotely with each data record being uploaded in real time. 

	HMI Historical data
	A secondary method of data storage could be utilised using the HMIs Historical data feature. A log can be stored as a hard copy via the devices USB port

	HMI Trend view
	Setting up a trend view on the HMI would allow a graphical representation of what items have been processed as the system is sorting.

	Storage bin capacity calculation
	A The maximum capacity of the storage bins could be calculated, enabling the system to give a warning when it is reaching maximum capacity. When the bin is full and an item has been identified which belongs in the bin an error could be used not to allow overfill.

	Alarm logging
	Allows the system to record previous errors or warnings, for data analysis and improvements to the process.

	Air Pressure Sensor 
	Adding a pressure sensor would provide the pressure of the supply, indicating when it reaching a dangerous level.

	Functional simulation screen
	Animations could be utilised creating a functional simulator.

	User Administration 
	This feature would allow there to be different levels of access to the HMI with different user groups having different levels of access. This can be useful on an engineer’s screen for example where only Engineers would have a user account.
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Block Diagram
Using the compenents seen on the simulation board a basic block diagram hs been draun up using Yeg graph
editor The image below shows ll of the inputs and outputs connected to the PLC
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o aIr pressure the pistons will not fire. Causing an item to be Sorted Into the

incorrect tray. A no air pressure error will be entered to detect f the sensor in
the cylinder does not detect a fire when instructed. The same error will be used
on each of the pistons as they have the same air supply.

Belt speed high

‘As items are identified as they move along the conveyor, once identified they are
assigned to their relevant storage bin. In order to move the item into storage bins
opposite the pistons a timer is used to delay the piston until the puck is directly
inline. The item must be in front of the piston when it fires in order for it to be
successfully moved into the bin. If the belt speed is too fast then the timings will
be out, causing a fail in identification or  fail in sorting. An error will be
introduced for high belt speed. Belt speed is calculated using the second optical
sensor limiting only tall pucks to be used to measure belt speed.

Foreign object

The system s only designed to sort 6 different sized items. As the items pass
through two optical sensors they are identified. An item that cannot be identified
should not be on the conveyor and could pose a risk to the system or incorrect
sorting. To prevent this if a foreign object is detected then the conveyor is to

halt. And await restarting

Piston malfunction

The cylinders are to fire and retract immediately leaving the conveyor clear. If the
cylinder does not retract then the conveyor will be obstructed. The next item
could then fail to sort. To prevent this, the conveyor will halt if any of the pistons

do not retract,

Emergency stoy

a0l e e d

‘An emergency stop has been added as a safety feature. In many industrial control
systems a physical Emergency cut off must be incorporated. In this case, the

emergency stop has been placed on the root screen on the HMI as there isn't one
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