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ASSIGNMENT INTRODUCTION

I have designed a factory system that manufactures a base and a lid, assembles them and stacks them in a shipping box.  When there are two assembled parts in the shipping box, it moves on.

I have designed 3 HMI screens to control the factory process. Each HMI has the following controls:

Root Screen
Start & Stop Buttons.
Emergency stop button.
Reset Counters button.
Counters for completed bases, lids, and shipping boxes filled.


Fault & Warning Indicator Screen
Faults include:
Lid/base/final part errors.
Counter for amount of final parts in Shipping Box.
Reset button to reset alarm signals.

Alarms include:
Lid, base and final part errors on production line.
Emergency Stop activated.
Alarm Master.


Engineering Screen
Pre-setting counter warning numbers.
Pre-setting counter Alarm numbers.


2 material emitters.
1 Shipping box emitter.
1 package remover.


My report includes an operational flow chart detailing the process, explanations of the 3 HMI screens and how they work, and a description of how each network functions in my PLC ladder programme.











Figure 01 – Operational Flow Chart
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WARNING/ALARM STRATEGY


Figure 02 this is an image of the HMI Fault Screen.

· Alarm lights illuminate when any of the Alarm limits have been made, limits are set in the Engineer Screen.  Alarms WILL stop the process; they are considered critical issues.

· Warning lights illuminate when any of the Warning limits have been made, limits are set in the Engineer Screen.  Warnings do NOT stop the process.



Figure 02 – Alarm & Warning Screen
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ALARMS

I created an Alarm Byte with address MB201, and all my Alarm addresses start with M201.##.  

When an Alarm address is activated, the Alarm Byte is true because the Comparator is configured to ‘Not Equal to Zero’.  This will activate the Alarm Master output in Network 20.  When this happens, two things occur:

· In Network 2 the Alarm Master input interrupts the network and the Operate output command doesn’t receive a signal, thus stopping the production line.
· In Network 20 the Alarm Master input will activate the ‘Alarm Flag’ output, which is configured to the Alarm light on the HMI root screen. This alerts the operator to an alarm on the fault screen needs investigating.  Image of Network 20 in figure 03.
· 
Figure 03 – Alarm Configuration
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Example of Alarm configuration in my PLC code is in figure 04 below.  

If we lose a lid from the production line, the Up/Down counter will register the discrepancy and the lid alarm set limit will be made.  

The Comparator in Network 24 will be true because its configured to be ‘more than, or equal to’ the error set limit.  The signal then activates the output address Alarm 1, which in turn triggers the Alarm Byte, which in turn triggers the Alarm Master and stops the production line.


Figure 04 – Lid Error Alarm
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This strategy is repeated for base and final part errors too.


WARNINGS

I created a Warning Byte with address MB214, and all my Warning addresses start with M214.##.  

When a Warning address is activated, the Warning Byte becomes true because the Comparator is configured to ‘Not Equal to zero’.  This will activate the Warning Flag output in Network 27.  
Image of Network in figure 05.


Figure 05 – Warning Configuration
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Warnings are NOT configured to stop the process as they are considered non-critical.  Instead they illuminate the warning lights, which are configured to activate the Warning Flag address, which illuminates the Warning light on the HMI Root Screen to alert the operator.


Example of a Warning configuration in my PLC code is in figure 06 overleaf.  

If we lose a base from the production line, the Up/Down counter will register the discrepancy and the base error warning limit will be made.  

The Comparator in Network 22 will be true because its configured to be ‘more than, or equal to’ the error warning set limit.  The signal then activates the output address Warning 1, which in turn triggers the Warning Byte, which in turn lights the Warning light on the HMI screen.













Figure 06 – Base error Warning
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HMI ENGINEER SCREEN

As previously mentioned, the limits for the warnings and alarms are set by the operator using the HMI Engineer screen:

	
Figure 07 – HMI Engineer Screen
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The operator/engineer chooses the set limits for the warnings and alarms, by altering the number in the HMI Engineer screen; to have full control over how to manage the errors on the production line. 


[bookmark: _GoBack]
HMI ROOT SCREEN

Finally, the HMI root screen which is the main screen used by the operators.  On this screen they have everything they need to control the process, start and stop buttons, E-stop button, lights for warnings and alarms, parts counters, reset button, and arrow buttons to navigate to the engineer and fault screen.



Figure 08 – HMI Root Screen
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LADDER LOGIC

Below is a brief explanation of the PLC ladder diagram, commenting on what each network is and how the inputs and outputs work.

Network 1: Initiate PLC.

Network 2: Start PLC Programme.
The Operate output command will be activated when the Start button is engaged and the Alarm Master is not activated (no alarms).  The operate output is looped back and used as an input to ‘latch on’ the network.

Network 3: Sound Siren
Using a Time Pulse timer, the Siren will sound for 2 seconds when the Operate input is true.

Network 4: CNC Centres.
The CNC Centers will start up when the Operate input is true.

Network 5: Start all emitters.
The lid and base raw materials are emitted when the CNC Centres are busy.  The Shipping box emitter is also activated using the operate command as an input.

Network 6: Machine Product.
The operate command is used as an input to activate the CNC Centres. 
Machine 0 to make a lid, Machine 1 to make a base.

Network 7: Start Conveyors.
The operate command is used as an input to activate all conveyors;
Raw material feed conveyors, the CNC exit conveyors, the 4m conveyors feeding into the left and right clamps, and the 4m belt after the first pick and place operation.
Conveyors are delayed by 2-4 seconds using a TON timer to follow the siren timing.

Network 8: Set Clamps.
Diffuse sensors 1 and 2 before the left and right clamps are used as inputs to activate the clamps.  When the diffuse sensors are triggered, 500ms later the clamps will set.  The time delay is to ensure the lid/base arrive at the clamp before it sets.
I also use this network to count the number of lids and bases manufactured.  Using the diffuse sensors as inputs to each CTU counter, they count each part and display the total amount of each lid and base counter on the HMI root screen.

Network 9: Reset clamps and P&P unit.
The Operate command is used as an input to reset the left and right clamps, the x & z axis of the Pick & Place unit, and the grab, all ready to receive the manufactured parts.

Network 10: Clamp command.
This network is used to create an output command we can use to activate the Pick & Place unit.  When both left and right clamps are set (clamped a part), it activates the output command both clamped.

Network 11: First Pick & Place.
The both clamped output is then used as an input to activate the following operations:
Set the Pick & Place Z and X axes, set the grab, reset the left and right clamps, reset the Pick & Place Z and X axes, reset the grab.
TON timers are used to delay these movements to ensure the timings of this part of the factory process work correctly.

Network 12: Roller Conveyor control.
Diffuse Sensor 4 is situated just past the 2nd Pick & Place unit on the Roller Conveyor; when it detects a Shipping Box it stops the Roller Conveyor.  The Shipping Box is now correctly aligned to receive Final Parts.
When Diffuse Sensor 3 (on 4m belt conveyor) detects a Final Part, is stops the conveyor, lining up the Final Part for the second Pick & Place unit.
The Comparator is configured so when Diffuse Sensor 3 (at the end of the 4m feed conveyor) counts the second part, it comes true.  This sends a signal into the timer, which delays the signal to the Roller Conveyor output by 4 seconds.  This is enough time for the Pick & Place unit to pick up the second part and put it in the Shipping Box.  Then the Roller Conveyor moves.

Network 13: Second Pick & Place unit.
I use diffuse sensor 3 as an input to initiate the second Pick & Place operations:
Set the Pick & Place Z and X axes, set the grab, reset the Pick & Place Z and X axes, reset the grab.  Again, TON timers are used to delay these movements to ensure the timings of this part of the factory process work correctly

Network 14: Shipping Box capacity control.
Using the Diffuse Sensor at the end of the 4m belt conveyor, it counts how many Final Parts approach the Roller Conveyor.  When it counts the second Final Part, the comparator in Network 12 is activated and the Roller Conveyor starts up after a 4s delay. 
The Shipping Box moves and when it is detected by Diffuse Sensor 5 (on the Roller Conveyor), this resets the counter to zero.  The Comparator in Network 12 is reset, and the Roller Conveyor stops when Diffuse Sensor 4 is activated in Network 12.

Network 15: Final Part counter.
Diffuse sensor 6 is situated just after the clamps, it counts the total amount of completed parts made.

Network 16: Total Shipping Boxes.
Diffuse sensor 5 is situated on the roller conveyor, just after the second Pick & Place unit.  When the shipping box has two completed parts and moves, diffuse sensor 5 counts each shipping box that passes.

Network 17: Lid Errors.
Diffuse Sensor 7 is situated on the Lid CNC Center exit conveyor, I use it to count how many lids come out of the CNC Center.  This feeds into the CTUD counter.
Diffuse Sensor 2, which operates the clamp, is used to count down the lids.  Between these two Diffuse Sensors, they count the amount of Lids entering the production line, and how many leave as a Final Part assembly.

Network 18: Base Errors.
Diffuse Sensor 8 is situated on the Base CNC Center exit conveyor, I use it to count how many Bases come out of the CNC Center.  This feeds into the CTUD counter.
Diffuse Sensor 1, which operates the clamp, is used to count down the Bases.  Between these two Diffuse Sensors, they count the amount of bases entering the production line, and how many leave as a Final Part assembly.  

Network 19: Final Part errors.
Diffuse Sensor 6 is situated just after the clamps; I use it to count how many Final Parts come off the first Pick & Place unit.
Diffuse Sensor 3 is situated just in front of the second Pick & Place unit, is used to count down the Final Part Assemblies.  Between these two Diffuse Sensors, they count the amount of Final Part Assemblies between the 2 Pick & Place units.

Network 20: Alarm Configuration.
I set up an Alarm Byte with address MB201.  All alarms have an address starting M201.## so if any of the alarms are triggered, the Byte is activated, sending a signal to the output Alarm Master.  When the Alarm Master address is activated, Network 2 is interrupted due to using the Alarm Master address as an input.
The Alarm Master address is used as an input address; this sends a signal to the Alarm Flag output address.  the HMI Root Screen has an Alarm pilot light, this illuminates when the Alarm Flag output is activated.

Network 21: Lid Warning Errors.
The comparator input is set so that when the lid error is equal to (or greater than) the limit set (in the HMI Engineer Screen), output Warning 0 will be activated and the Warning light is illuminated on the HMI Fault Screen. 

Network 22: Base Warning Errors.
The comparator input is set so that when the Base error is equal to (or greater than) the limit set (in the HMI Engineer Screen), output Warning 1 will be activated and the Warning light is illuminated on the HMI Fault Screen. 

Network 23: Final Part Warning Errors.
The comparator input is set so that when the Final Part error is equal to (or greater than) the limit set (in the HMI Engineer Screen), output Warning 2 will be activated and the Warning light is illuminated on the HMI Fault Screen. 

Network 24: Lid Alarm Errors.
The comparator input is set so that when the Lid error is equal to (or greater than) the limit set (in the HMI Engineer Screen), output Alarm 1 will be activated and the Alarm light is illuminated on the HMI Fault Screen.  This will trigger the Alarm Master address in Network 19 and stop the production line.

Network 25: Base Alarm Errors.
The comparator input is set so that when the Base error is equal to (or greater than) the limit set (in the HMI Engineer Screen), output Alarm 2 will be activated and the Warning light is illuminated on the HMI Fault Screen.  This will trigger the Alarm Master address in Network 19 and stop the production line.

Network 26: Final Part Alarm Errors.
The comparator input is set so that when the Final Part error is equal to (or greater than) the limit set (in the HMI Engineer Screen), output Alarm 3 will be activated and the Warning light is illuminated on the HMI Fault Screen.  This will trigger the Alarm Master address in Network 19 and stop the production line.

Network 27: Warning configuration.
I set up a Warning Byte with address MB214.  All Warnings have an address starting M214.## so if any of the Warnings are triggered, the Byte is activated, sending a signal to the Warning Flag address.
The HMI Root Screen has a Warning pilot light, this illuminates when the Warning Flag output is activated.  The Warnings do NOT stop the production line.
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Network 20:  Alarm configuration
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Network 27: Warning Strategy.
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Network 22: Base Eror WARNING control
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