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Task 1


PLC stands for Programmable Logic Controller and are widely used in industry as they are used to control an automated machine or process within the factory. (Sivaranjith, 2019)
The PLC was invented by Dick Morley in 1964 and replaced the relay-based circuits that used to be used to control machines. (Dunn, 2008). The way a PLC works is by monitoring the inputs of the machine or process and then if all the conditions have been met, an output will be executed. PLCs are used in many different environments such as parts machining, materials handling, automated assembly lines, and packaging machines. (Muthukrishnan, 2021)
Nowadays there are many different brands of PLC available to market and all have their own target market based on the customers’ needs and budget. Below is a list of some of the most common companies that produce PLCs for use in industry and a list of pros and cons in my opinion. This list is not exhaustive. 
	Brand
	Pros
	Cons

	Siemens

	· Biggest Company 
· Plenty of support
· Mainly used in automation and manufacturing companies.
	· Expensive – Big start up cost and renewal licensing costs. 
· It is a big program to download

	ABB
	· Can use any modular in any CPU
· Finding replacement parts is affordable and often easy.
	· Sometimes unreliable 

	Allen–Bradley/ Rockwell
	· Offers different controllers based on the size of the project
	· Mainly used in USA

	Omron
	· Offer several models of PLC hardware
· Allows programmers to use just one software package to build, configure & program Omron plc, HMI and other control systems
· Easy to use and high performance
· Cheaper than other brands
	· Stock availability due to being made in Asia


Task 6


Operational Flow Charts
Conveyor Flow Chart

[image: Diagram

Description automatically generated]
[bookmark: _Toc81586492][bookmark: _Toc81590270]Figure 1- Conveyor Flow Chart


[bookmark: _Hlk81585284]Pusher Flow Chart


[image: Diagram

Description automatically generated]
[bookmark: _Toc81586493][bookmark: _Toc81590271]Figure 2- Pusher Flow Chart


Weighing Scale Flow Chart
[image: ]
[bookmark: _Toc81586494][bookmark: _Toc81590272]Figure 3- Weighing Scale Flow Chart
HMI Layout

A HMI also knows as Human Machine Interface, is used for having interactions with the machine through a touch screen, for the operators to control and see different data from the machine. 
In my HMI I have added a global template for displaying errors on every screen. 
Also added a code protection for the engineer screen. 
Root Screen: 
[image: ]
[bookmark: _Toc81586495][bookmark: _Toc81590273]Figure 4 - Root Screen
 
This is the root screen, with the following: 
 
· Buttons for starting and stopping the system. 
· An emergency stop button  
· A button to reset all counters 4 counters  
· A replication of the stack lights Fault and warn 
· Navigation buttons to reach different screens. 


Engineers screen: 
[image: Diagram

Description automatically generated]
[bookmark: _Toc81586496][bookmark: _Toc81590274]Figure 5 - Engineers Screen

Here the engineer has the option to set different limits on each package type, and also a warning number indicating that an error is soon to occur. The engineer also has a button to reset errors if the package count is exceeded. 
 
Error and warning screen: 
[image: A screenshot of a computer

Description automatically generated] 
[bookmark: _Toc81586497][bookmark: _Toc81590275]Figure 6 - Error & Warning Screen

This screen is made, to see which errors and warnings are active, and also give the user a way to acknowledge the alarms. Here it can also store errors if they are not cleared by the operator or pushed away by too many errors. 

Error and warning strategy
For this project the error and warnings strategy are set out below.

Warning 1: The yellow light indicates that there is a warning, this means that the package count is about to be exceeded, this does nothing to the machine, it just alarms the operators that an error is soon to occur.
Different Errors that can occur on the machine.
Error 1: If the packages have exceeded the engineers set limit, then all the conveyors are stopped immediately. The siren is started, a message on the HMI is displayed and the red light is also turned on. The engineer then must enter the ‘Engineers screen’ which is password protected to reset the counter, and then reset the machine. The username that I set for this project was “Engineer” and the password is 1234. The reason I set it as password protected is that it only allows authorized people to reset the machine once it is in a safe condition. 
Error 2: If there is a problem at the scale, for example, too many packages on the weighing scale, or if the package has a wrong weight outside the allowable range, then an error is activated starting the siren and red light, and all conveyors are stopped, a message is displayed on the HMI, and here an operator can start the system again, by pressing start. 
Error 3: Stop button or emergency button is pressed, stopping everything, and starting the siren and red light, indicating there is an active error. The siren can be stopped by the operator/engineer by pressing the siren, so they do not have to hear it all the time while fixing the problem.
The stop button only activates the siren if the button is pressed, where the emergency stop button has it active until manually reset.
Below is a table showing an error “word”, to communicate with the PLC. 
[image: A screenshot of a computer

Description automatically generated with medium confidence]
[bookmark: _Toc81590276]Figure 7 - Warning & Alarm Tags


PLC code explained rung by rung.
Explaining the code in the main routine “Main” OB1
OB1 “Main”  NW 1:

[image: Graphical user interface, application

Description automatically generated]
Function for communication between factory IO software and TIA Portals inputs and outputs.
OB1 “Main”  NW 2:
[image: Graphical user interface, application

Description automatically generated]

Reads the inputs which caused trouble in the program, making the signal stable and not flickering.


OB1 “Main”  NW 3:
[image: Graphical user interface, application

Description automatically generated]
Call the emergency function “FC3 EMG_Logic” if emergency button is pressed. This function would also be called if the system experiences an error, the error in this instance is if the engineers package number has been exceeded. 
The branch resetting “os_EMG_Siren_Active” is resetting the p_trig function inside the emg_logic, since it would not reset by itself, because once the system is no longer in emg, that means the function wouldn’t be called, which make the input stay true, and then once it’s called again the logic wouldn’t work the second time, as intended.

OB1 “Main”  NW 4:
[image: Graphical user interface, application

Description automatically generated]
This rung allows the “conveyor_start_Cycle” to be called if there are no errors or EMG buttons pressed. If any of these conditions where to disallow the function to be energized, then the conveyors can’t be started until error or emg buttons are again at the OK state.


OB1 “Main”  NW 5:

[image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]
Rung calls the pusher function block if there are no errors or no emergencies.
the Function blocks have 2 inputs and 1 output that it uses inside its logic to control the pushers, this makes it possible to just add more pushers to the project without copying and pasting code and manually changing the inputs and outputs, here it allows you to drag and drop the FB1 “pusher” and put in the inputs and outputs for that pusher.
OB1 “Main”  NW 6:

[image: A picture containing timeline

Description automatically generated]
Allows the function block if condition is met.



OB1 “Main”  NW 7:
[image: Graphical user interface, application

Description automatically generated]
This is the last logic called in this project, here we have two functions, HMI function and Stack Light Logic being called. These are always allowed for the HMI tags to be displayed and for the feedback from the Stack light Logic no matter the machine state.


Showcasing the Conveyor Start Cycle Function:
This section uses the PLC scan cycle to minimize the use of timers. It was created to start the conveyors one at a time to minimize current at startup.
As seen on the overview of the networks in this function, it goes from network 5 where it starts conveyor 12 and to network 16 where it starts Conveyor 1, this is where I use the scan cycle to minimize the number of timers.
The function overview starts the cycle once the condition is met, and resets if the reset condition is met.
Once startup is initiated then the siren and timer will start ready for first conveyor belt to start. Once the timer is finished, the first conveyor will start, and the timer is then reset, starting the next timer, until this is also finished, which will then start the next conveyor until all conveyors are started, and the cycle is then ended.

Overview:
[image: Et billede, der indeholder bord

Automatisk genereret beskrivelse]



Conveyor Start Cycle NW 1:

[image: Graphical user interface, application

Description automatically generated]
Set the cycle if start button is pressed, and emitter_1 is not energized, Emitter_1 is energized once the cycle is done, and the cycle should not start all the conveyors if they are already active.
Conveyor Start Cycle NW 2:
[image: Chart

Description automatically generated][image: Timeline

Description automatically generated][image: Timeline

Description automatically generated] 
This network resets the cycle and activates the emitter, for the packages to enroll, (here a ready signal to other machines could be sent, showing that this machine is ready to handle packages). The error weighing cycle is to stop the emitter from sending more packages until the error has been handled and all conveyors are running.



Conveyor Start Cycle NW 3:
[image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]
Start the alarm siren if cycle is started, there is an error or emergency state active, or while the stop button is being pressed.
Conveyor Start Cycle NW 4:
[image: A picture containing timeline

Description automatically generated]
Start the timer if conveyor cycle is started. This is the time delay for starting the conveyors one by one.



Conveyor Start Cycle NW 16:

[image: Graphical user interface, application

Description automatically generated]
If timer is done and no errors or stop conditions, then start the conveyor belt, and interlock it.
Conveyor Start Cycle NW 15:
[image: Timeline

Description automatically generated]
If timer is finished, the previous conveyor belt in the sequence is started, which then starts the next belt, which is Q1.1 Straight spur conveyor 1, in this example. This is the same all the way to conveyor belt 12, except for NW 8.





Conveyor Start Cycle NW 8:

[image: Timeline

Description automatically generated with medium confidence]
This rung is the same as all the other, but doesn’t have an interlock on a coil, since this conveyor belt is being stopped in another part of the program, therefore it cannot be a coil that interlocks.

Conveyor Start Cycle NW 8:
[image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]
Resetting the timer at network 4 when it is done and has been through all the other code in the function, before resetting it.



EMG_Logic
This function begins once emergency button has been registered to be pressed or de-energized.
EMG_Logic NW 1:

[image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]
Here I’m using scl code to reset all outputs, to not make a rung for each output and reset it.
This code starts at Q0.0 and goes through Q0.0 to Q1.6. The first two lines indicates the start values as Byte 0.0.
The forloop goes through the poke_BOOL logic 15 times and then continues with the rest of the function.
The POKE_BOOL function is a way to write to the outputs by choosing the output area which is 16#82, which is shown in the help menu of the function, dbNumber = 0 to show that I’m not using a datablock.
Then I set the byte offset, which in this case is dynamic, which is the reason it gets a tag, and not a static number. This is the same for the bitOffset value. 
Then I set my desired value I want the chosen output to have, which is false in all cases.
It then increments the bit offset, to write to the next output once the previous output has been set to false.
Once I reach the maximum number of bits in a byte, I move one to the byte offset, and I reset the bitOffset. To start setting values of the next output byte to False.
Once the forloop has been completed, I then set the value of Q2.0, Q2.1 and Q2.5 as False individually.


EMG_Logic NW 2:

[image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]
In rung 2, once the function is energized then the siren is set true, until someone resets it by pressing the Start button. A reset button would have been better which would mean not having the start button doing more than one thing. P_trig tag M3.1 is the tag that is being reset in the OB1 main NW3.
FC2 “HMI”
In this function I make the logic that is used by the HMI. Using the built-in tag “firstScan” I have checked through the PLC Properties:
[image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]

This allows me to set a value at the first scan of the plc, if it has lost power for any reason, the first scan will then set these values before running the reset of the program.
FC2 “HMI” NW 1:

[image: Diagram

Description automatically generated]
Here the values for the engineer screen, is set to 5 for warning, and 10 for the error, the engineer can freely change these values, these are only moved once if the PLC has been stopped and started again as to not have an instant error.
FC2 “HMI” NW 2:
[image: Waterfall chart

Description automatically generated]
Here once the diffuse sensor one detects a box, it increment the counter for the big packages.
FC2 “HMI” NW 3:

[image: Timeline

Description automatically generated with low confidence]
If the package type is equal to type 1, then increment package count for medium package type one counter. Using P_Trig so it doesn’t increment each scan cycle the type equals 1.

FC2 “HMI” NW 4:
The same goes for NW 3, just with the compare function set to type 2 instead of type 1.

FC2 “HMI” NW 5:
[image: Graphical user interface, application

Description automatically generated]




FC2 “HMI” NW 6:
[image: Chart

Description automatically generated]
Here we reset all the counters by moving “0” into their current value if M2.5 is energized, this can only be done on the HMI root screen.



FC2 “HMI” NW 7:

[image: A picture containing diagram

Description automatically generated]
The warning rung here shows that if the counter value is in between the warning setpoint, and the error setpoint, then the error will be energized, and a warning tag, that indicates which package counter is reaching error state soon.  The word MW100 is used for error and warning bits communication to the HMI.
M100.0 to M101.7 are the error/warning word for the HMI.
The rung is bigger but it is just a copy of the first branch, but for each counter, and a different warning bit, but they all energize the overall warning bit used to control the stack lights.





FB2 “Inputs” NW 1:
[image: Diagram

Description automatically generated]
This is to stop the inputs from flickering, because of a communication problem with the factory IO to the PLC SIM. If the inputs are energized I hold them high, so if they are being de-energized by the communication for less than a second it will not be registered, unless its greater than the PT of the specific timer.


FB1 “Pusher”
This is the pusher cycle.
[image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]
Logic Rung 1 shows if diffuse sensor for the specific pusher is energized, the cycle starts, where you energize the pusher (NW3) until its extended all the way, and then its reset (Rung 2). And the Pusher goes False once the cycle is done (NW3).



FB4 “Stack Light Logic”
Controlling the stack lights, green yellow and red.
[image: Diagram, timeline

Description automatically generated] [image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]
Rung 1 controls the green light, energizing Q2.2 if the “conveyor cycle started” is activated by the start push button, and then it holds green, until the machine is stopped for any reason.

Rung 2 activates the yellow light once the warning state has been reached, to show the operators that the system is close to an error/maximum packages number reached.
Rung 3 controls the red light, this is being energized if the system experiences any error or indication to stop, the need for either an engineer or changing the stop/EMG signal.

FB3 “Weight_Block”
This controls the logic of deciding where the medium box should go, depending on weight. The steps go as follow, first it detects a box and start the cycle. Then it will stop the conveyor to weigh the box. It will then start the conveyor once weight has been determined. It will then change the wheels direction depending on the box weight. It will then stop the sequence once identification has been registered.

FB3 “Weight_Block” NW 1:
[image: Diagram

Description automatically generated]
Start cycle once sensor detects a box, make sure there is no flickering in the input communication, “Spike_Delay” timer, and once the sensor no longer detects a box then start the cycle. 


FB3 “Weight_Block” NW 2:
[image: A picture containing diagram

Description automatically generated]
Here I stop the conveyor scale, once the cycle is started, but only one shotting this command, so it doesn’t stop the conveyor all the time the cycle is active. The conveyor is also stopped if there is an error in the measuring process or the stop button is being pressed. This is also the case if the emergency button is pressed.


FB3 “Weight_Block” NW 3:
Identifying the package weight and giving it a type depending on the measured weight.
[image: A picture containing diagram

Description automatically generated]
Rung 3 is energized once the cycle is started, and is constantly searching for the box weight, once it fits into either type 1 or type 2 measurements, a small timer is used to make sure the box measured weight is correct and not a spike in the analog input.

FB3 “Weight_Block” NW 4:
[image: Et billede, der indeholder tekst

Automatisk genereret beskrivelse]
Once the cycle is started, and the package type has been identified, the conveyor is started.


FB3 “Weight_Block” NW 5 & 6:

[image: Diagram, schematic

Description automatically generated]
Rung 5 controls the direction of the wheels depending on the package type.
Rung 6 stops the cycle once package has been found, so the wheels direction will be chosen before the cycle is reset, because of the PLC scan cycle.




FB3 “Weight_Block” NW 7:

[image: Diagram

Description automatically generated]
Here are the handling errors that can occur under production, if the measuring isn’t done before 5 seconds, it means there’s been an error, either more than one package is on the scale, or the box has been removed under measuring process. This error bit is used throughout the program, and this is stopping production and shows an error on the HMI screen, telling the operator to remove the boxes. Once the problem has been manually handled, the start button can be pressed again to energize the conveyor belt and reset the error.








Conclusion


 
Here are some things that I would consider adding to the conveyor system if budget was not an issue for the customer. 
 
· Indicators for the buttons on HMI if pressed and light indicators on the panel buttons on factory IO to show that they are pressed which would give better feedback to the operator. 
· Adding a Reset button for more freedom to the operators, so they don’t have to use the start as a restart, that in one error resets the siren, and in another error starts the system. It can become confusing. 
· More diffuse sensors to detect if packages were completing the travel. 
· Making the wheels on the sorter turn left if an error occurs so the machine doesn’t have to stop, A separate conveyor could be added for packages out of the accepted weight range. Also, if two packages were measured at the same time then both packages could be sent into the “re-do line”. This would make sure the machine keeps going which would increasing production and down time of the production line. 
· Incorporate more safety into the machine. Now, if the machine isn’t started the pusher will still be activated if a package is in front of it, even if the conveyors aren’t started. 
· More emitters, so that if a package counter was exceeded, all the conveyors didn’t stop, but the emitter stopped sending that specific package. 
· Add a logic that would make the reset all counters better. Now you get an error once its detected but hasn’t reached it destination. I would change that feature. With more diffuse sensors at the end of the conveyor just in front of the “Remover” on each package type. 

 
I had to add 2 extra sensors, or the program wouldn’t work, one for the counting of small boxes, and one at the weight scale, because the scale was spiking too much in the plc program to measure the packages on top of the scale. It had to be stopped, and if I used the change in weight to stop and start the program it would stop and start the same box multiple times.
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