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1.0 [bookmark: _Toc115035693]Operational Flow Chart
[image: ]The below flow chart visualises the operational flow sequence of the PLC logic:

[bookmark: _Toc115035694]2.0 Factory Layout & System Overview 

The system consists of two machining lines linking together via a conveyor system. One machining line makes bases and the other lids. When the lids and bases come down the conveyor system, several sensors pause and restart the conveyors and the pick and place machines. The line first stops at the first pick and place machine where the lids are assembled onto the bases. The line then has a second stop where the assembled units are then placed into the outer cases.  The outer cases line stops when an outer case hits the sensor opposite the unloading finished goods conveyor and then moves on when the finished goods box is full (4 finished goods high) – triggered by a sensor placed just above the height of the finished goods outer box 
Figure 1: Factory line overview
[image: ]
Figure 2: Close up of sensors and pick and place machines
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[bookmark: _Toc115035695]3.0 Alarm & warning strategy and the operational parameters of each

The engineer starts the line by entering the production order size into the engineering screen. This set quantity is used to drive the alarm and warnings strategy of the system: 
1. “Production order threshold approach” is triggered at this entered value -2. This unassigned integer is leveraged to turn on the warning light indicators on the HMI screen when the finished good counter has hit two below the entered value. This counter works on diffuse sensor 0, at the end of the production line and counts units out of the system. This production order threshold approach value is locked at 0 when the production order is less than 2 as negative numbers are not possible in the system.
2. When the finished goods counter (driven by diffuse sensor 0) is greater than the input production order size the alarm flag is set
3. If any of the alarms are greater than 0 then the alarm master is set
4. If the alarm master is set the system stops. 
5. Diffuse Sensor 1 Increments the lids counter. This triggers the warning light for over production and that warning light stays on until the lids counter equates to the input production order quantity. 
6. Diffuse Sensor 2 Increments the bases counter. This triggers the warning light for over production and that warning light stays on until the bases counter equates to the input production order quantity. 
7. As mentioned above, the “lids counter” and the “bases counter” will utilise the sensors to count-up. When over production occurs the over production warning light for each is set.
8. The first pick and place machine has poor repeatability of results; sometimes the machine does not effectively clip the lids to the bases and thus the second pick and place machine only lifts the lid of the unit into the finished goods outer box. Though both parts of the finished goods unit end up in the outer, they will not be effectively assembled







Figure 3: Poorly Assembled Unit
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Figure 4: second 2 axis pick and place machine only lifting lid
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4.0 [bookmark: _Toc115035696]Explanation of ladder logic used[image: ]

Network 2: 
If start button or operate is on and stop button is off and alarm master is off then start the operate function.
If operate is not on turn off the green stack light and turn on the red stack light
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Network 3: Turning on the belts and emitters in a staggered start up to prevent overloading the system with a power draw. 
After 100ms the first belt turns on alongside the alarm siren and the yellow stack light whilst the red stack light is turned off 
At 4s the alarm siren and yellow stack light is turned off and the green stack light is set on 





Network 4: Piece Clamping
When the sensors are triggered after 500ms the clamps are set

Network 5: Reset P&P  on start up
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[image: ]Network 6
When both are clamped, set the PLC tag with the name “both clamped” to TRUE.



[image: ]Network 7 – first pick and place choreography
When “both clamped” is set to TRUE, several Trigger ON (TON) timers are triggered.

Each TON timer has a different PT value to trigger events in a specific sequence..

TON delay timers trigger an ON value at its output (Q in the diagram) after the elapsed PT time.

If we were to initiate outputs following the TON timer, the output for the pick and place would stay in the ON state as Q value for the TON timer stays present
Therefore, we use a Trigger Pulse (TP) timer to trigger the pick and place, as it sets the TON’s Q output to only be ON for 2ms and switch the OFF again.
The TP timer is triggered by the TON timer.

[image: ][image: ]Network 8: Turn on the emitters 
When both machine centres are not busy turn on the two emitters at the beginning of the line feeding raw materials into the machine centres.  When roller conveyor is on turn the emitter on for the finished goods outer cases

Network 9: second pick and place choreography. TP and TON timers work in the same way as mentioned above for network 7. What is important to note for network 7 & 9 is that the timings for each delay between the X Y and Z axis movements need to be aligned with the machine’s function cycle time – the next action in the sequence cannot be triggered by a timer which is shorter than the cycle time for the previous action in the sequence.

[image: ]Network 10: when the 2m belt 0 is off, start the roller conveyor and the finished good outer box emitter
When diffuse sensor 3 is triggered turn OFF the roller conveyor – this ensures an outer case stays stationary and aligned with the finished goods out conveyor and stays stationary while the pick and place loads the outer case
Network 11: When Diffuse sensor 4 is triggered the roller conveyor is set and takes the outer case of 4 finished goods inside out of the system Diffuse sensor 4 is set to just above the height of the outer case so it can sense when the case is full.
Network 12: This triggers the counters for the warnings and alarms system. Each is triggered by the relevant sensor in the line and is reset by the “reset counters” Boolean PLC tag which is linked to the reset button on the HMI screen and the R input on each CTU. The reset button on the HMI screen sets the Boolean value to true when pressed, and false when released. Counters will reset when the R value is true.
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[image: ]
Network 13: if the system is set to operate and the warnings byte has a value other than 0, set the warnings flag. The warnings byte contains all warnings for all counters; over & under production for lids, bases and finished goods and is triggered when the FG count is 2 below the entered final production order quantity.

Network 14: When the alarm byte has a value other than 0, set the alarm master. When the alarm master is on, set the alarm flag. The alarm and warnings bits which change the values of the “Alarms” and “Warnings” bytes are set below in network 15


























[image: ]Network 15: This network utilises the counters created in network 12 and the production order quantity input into the engineer HMI screen to trigger the warnings bits. This sets a bit within the warning byte. Network 13 & 14 dictate that if any of these warning bytes have a value of over 0 (which is set by these warning bits in network 15) the warning flag is set and the warning lights are activated. The last part of the logic on this page states that if the input production order threshold is more than or equal to 2, then the system will set the “production order threshold approach” variable to the production order threshold minus 2. If the FG counter is greater than or equal to his value, it will trigger a warning on the warnings and alarms panel 









[image: ]Network 15 (continued): if the set “production order value” is less than 2, then the “production order threshold approach” variable is set to 0 with, using a move operation. Again, the warning flag is set if the FG counter is more than or equal to this set value of 0.
The purpose setting a value of 0 if the “production order threshold” is < 2 is to avoid going into negative numbers. Negative number will be interpreted as very high values because we’re using an unsigned integer.
Finally, the logic adds one to the “production order threshold” and stores the variable under a new variable called “production threshold limit”, when the FG counter is equal to this value the alarm for FG complete will be triggered and the system stops. It is the threshold value +1 to ensure the system isn’t stopped short of the last unit of the production order getting into the outer case box. 
Diffuse sensor 5 is placed at the very end of the conveyor line and senses any bases which roll off the conveyor instead of being picked up by the two axis pick and place machine as that would indicate that the base and lid did not clip together properly.  

4.1 [bookmark: _Toc115035697]HMI Screens 

[image: ]

This is the main root screen where the emergency stop, start, stop and counter reset buttons can be triggered. The top right buttons direct you to the warnings or engineer screen. The counters simply mirror the count up functions triggered by the sensors as detailed in network 12.

[image: ]
The warning screens have indicator lights linked to the relevant PLC tags.



[image: ]
This engineer screen has an input field where the engineer is to input the production order quantity before the system is started. The calculated production order threshold is set to be 2 less than the input production order value as set ablove.
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