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[bookmark: _Toc167371097]Introduction
For this assignment, the task was to produce a working conveyor belt system that would be able to detect different sized pieces and separate them. To achieve this, the PLC software – Siemens V17Portal – was needed to produce the code needed to run the PLC attached to the conveyor system, that would give commands to the conveyor system.
The assignment also called for a digital control panel to be programmed. The Siemens Touch sematic 7” basic HMI was also to be coded using Siemens V17Portal. This task would be focused on the design of the display, having the same controls as the conveyor system itself and being able to keep a count of how many pieces had been passed through the conveyor system. Along with a counter reset button.
Finally, the overall system (HMI and physical conveyor system switches) must be able to manually turn the conveyor ON and OFF, manually activate each piston, have indicating red and green lights to show if the conveyor is on or off and keep count of each piece that passes through the system. All these programmed commands have been screenshotted and incorporated into the assignment as evidence of completion, along with screenshots of the conveyor working.


















[bookmark: _Toc167371098]The Conveyor Networks & Tag table
Below shows all the networks that were needed to create the working conveyor system. Each network is a different stage of the conveyor’s operation. The networks are made up of Inputs, Outputs, Timers, Data blocks and counters.
Each part of the network is labelled via the tag table that provides each command with its own unique name and what type of command they are. For example, in ‘Network 1’ ‘GreenS’ has the tag above labelling it as %I0.6. This means that it is an input command and that it is the 7th input tag created as tag labels start at 0.0.

[bookmark: _Toc167371099]Networks
[bookmark: _Toc167371100]Conveyor belt ON
The Network labelled ‘Network 1’ is the ladder logic for the conveyor system to begin running. The process begins with the ‘GreenS’ (Green Switch) being pressed and followed by a timer that counts how long the button is pressed for. In this case the button must be pressed for at least 5 seconds for the conveyor system to start. This is for simulating a safety feature in an industrial work setting. This was implemented in the case of a worker accidentally pressing the button and causing unwanted machinery to turn on and causing issues. After the timer the ‘RedS’ (Red Switch) is optional for breaking the circuit to turn of the machine which is followed by a command for the HMI display telling it to display a red button on the screen if no connection is getting past the ‘RedS’ which would signify the conveyor system being off. At the end of the ladder logic is the ‘GreenL’ (Green LED) to show that the conveyor is on and the ‘Start Conveyor’ output which loops back to the start of the ladder logic to provide an infinite loop so that the system keeps running until told to stop.
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[bookmark: _Toc167371101]Green Light ON
The network below called ‘Network 2’ is the ladder logic that provides an indication that ‘GreenS’ (Green Switch) is being pressed and held down. The network begins with ‘GreenS’ (Green Switch) being pressed which is followed by a 1Hz clock and ‘GreenL’ (Green LED). The 1 Hz clock makes ‘GreenL’ flash on and off to show that the button is being held down. If the ‘GreenS’ was pressed but not held, ‘GreenL’ would flash on quickly but turn off straight away as it needs to be held for 5 seconds as shown in ‘Network 1’. This ladder logic is also a safety feature for an industrial work environment in order to give off a light and sound indicator (the light makes clicking noises when turning o and off) if someone was to accidentally press against the button for more than a second. This ladder logic is also looped by ‘Start Conveyor’ output to assure it works with ‘Network 1’.
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[bookmark: _Toc167371102]Turn OFF the conveyor belt
The network below called ‘Network 3’ is the network that turns off the conveyor system. This is achieved using ‘RedS’ (Red Switch) which cancels out ‘GreenS’ (Green Switch). By doing so breaks ‘Network 1’’s connection and stops the loop from continuing. As ‘RedS’ has been pressed, this causes ‘RedL’ (Red LED) to turn on indicating that the conveyor system is off. 
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[bookmark: _Toc167371103]Reading Time on Optical Sensor
The network below called ‘Network 4’ is the ladder logic used to allow the first sensor to read time in order to understand what pieces will go through the system. The first ladder logic line is beginning with ‘GreenL’ (Green LED) to show the system is on. This allows the first optical sensor to take positive readings (readings that show the laser that detects objects isn’t broken). The first optical sensor then sends it positive readings to the Data block that stores the new data for future commands. The second ladder logic line applies the same commands, except it is looking for the negative readings (reading that show the laser has been broken by an object) in order to determine in the future if an object is passing through the system. The final ladder logic line of the network is combining the two data blocks into one labelled ‘Time_Difference’ in order to find the difference between the different objects that pass through and determining which piece is passing through depending on how long the laser is broken. The sets of data are combined through a DTL To Time block.
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[bookmark: _Toc167371104]Calculating small piece time
The network below called ‘Network 5’ is for calculating when the smallest piece is making its way through the conveyor system and which piston to extend after a certain amount of time going through the second sensor. The first line of ladder logic starts with the second sensor having it positive readings which is then followed by the data block called ‘Time_Difference’ that holds the readings for each size piece. On the second line of ladder logic starts with a block that holds the range of values that would mean the small piece is passing through the first sensor. After that the there is a timer that has given the time of when after passing through the second sensor, the piston labelled ’Piston1’ will extend. The timer after that is for how long it takes for the second sensors laser to break after the first sensors laser is broken. Next is a Time To Int block which converts the time from the TP Time block to the data the holds information on the small piece. Once the second line process is done, the assigned piston (‘Piston1’) extends and pushes the small piece of the conveyer into its own section. In the third line, there is an input of data for ‘piston1’ which leads into a counter block where it is met by the fourth and fifth lines which include ‘Counter Reset Button’ and ‘Counter Reset’, both these tags are for the HMI display. The ‘Piston1’ command when activated adds +1 to the counter on the display for the number of small pieces which then goes to data for ‘small count’ and outputs data for ‘Small’. The ‘Counter Reset Button’ and ‘Counter Reset’ both connect to the data labelled ‘SMALL_LIMIT’ which resets the counter once the max amount small pieces are reached or the reset button on the HMI display is pressed.
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[bookmark: _Toc167371105]Calculating medium piece time
The network below called ‘Network 6’ is for calculating when the medium piece is making its way through the conveyor system and which piston to extend after a certain amount of time going through the second sensor. This network is basically a copy of ‘Network 5’ with all the small piece data replaced with the data for the medium piece. This means all the values have been changed so that the system is looking for a bigger piece. This includes the RANGE block increasing its values, the TON Time block increasing its time, but the TP Time block keeps its time the same. The piece needs a different piston to extend so that it can be separated from the other cylinder. So, for the medium piece ‘piston2’ extends instead of ‘piston1’.
[image: ]
[bookmark: _Toc167371106]Calculating large piece time
The network below called ‘Network 7’ is for calculating when the large piece is making its way through the conveyor system and which piston to extend after a certain amount of time going through the second sensor. This network is also a copy of ‘Network 5’ with all the small piece data replaced with the data for the large piece. This again means all the values have been changed so that the system is looking for an even bigger piece. This includes the RANGE block increasing its values even more than the medium pieces values, the TON Time block increasing its time further and the TP Time block value is slightly different to show it doesn’t make a difference if the value isn’t perfect. The piece also needs a different piston to extend so that it can be separated from the other two cylinders. So, for the large piece ‘piston3’ extends instead of ‘piston1’ and ‘piston2’.
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[bookmark: _Toc167371107]Reverse Conveyor (30 Seconds)
The network below called ‘Network 8’ is responsible for reversing the movement of the conveyor belt. The ladder logic starts with ‘GreenL’ (Green LED) lighting up showing that the system is on. After that the first optical sensor is activated so that it can detect if something passes through the system. The next process is using a TON Time block that counts for 30 seconds, after the 30 seconds if nothing is detected the ‘Start Conveyor’ output will be inverted, the line is ended with ‘RedS’ (Red Switch) turning off the conveyor system.
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[bookmark: _Toc167371108]Complete Restart
The Final network shown below called ‘Network 1’ is part of a different set of networks that are under a Block called ‘Complete Restart’. This block reset to the starting stage of the conveyor systems sequence. 
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[bookmark: _Toc167371110]Main Variables
The tables below show all the variables that are used for the networks in the main block.  The tables include all the variables for each piston, button, switch, the conveyor belt, optical sensors, and other crucial bits of ladder logic that allows everything to work together. Next to the variable names in the table is a column with certain terms that give the variables their own way of being used, these are called data types. The variables that have ‘Bool’ next to them are the variables that can use a digital input or output as a value. “The Boolean, or BOOL is simply a binary value which can be either “0” or “1”.” (Romanov, n.d). The variables that have ‘Int’ next to them are variables that can have a value represented by a whole number.” Integer numbers don’t have a decimal point and so can only be whole numbers.” (G, 2008).Variables with ‘DTL’ next to them are used to store date and time information down to a fraction of a second. The final data type is ‘Time’ and this is used to represent time durations. It is typically used for defining time intervals, timers, delays, and other time-based operations. The ‘Time ’data type is essential for tasks that require precise timing control, such as turning on a device for a specific duration, measuring elapsed time, or scheduling periodic tasks.
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[bookmark: _Toc167371111]Main Tags
The table below shows all the tags used in the ladder logic to represent the different working parts of the conveyor system. Most of the tags are represented with the ‘Bool’ data type which means they are values that hold an input or output. The other data type in the tag table is ‘Byte’ which is used for small memory management. “The BYTE data type stores any kind of binary data in an undifferentiated byte stream.” (IBM, 2022). This is perfect for the ‘System_Byte’ and ‘Clock_Byte’ tags as they don’t need that have that much memory.
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[bookmark: _Toc167371112]Screen shots & Photos of HMI Display
[bookmark: _Toc167371113]HMI Display Format
The screen shot below show the design of the HMI display on the Siemens program. The display has been made to look simple and easy to use. On the left side it includes a start button that has a green box underneath that light up green when the conveyor system is active and a stop button that has a red box underneath that lights up when the conveyor system is off. On the right side of the display is three buttons that activate their designated piston. Next to them are three oval that brightens in colour when their designated piston is in an active state alongside a counter box that keeps track of the number of pieces have been collected by the pistons. The counter is based of how many times the piston is activated. Finally, below the right side is the counter reset button that clears each counter boxes total and sets them back to zero. 
[image: ]
[bookmark: _Toc167371114]HMI Display Working
The photo below shows the HMI display showing the designed control panel. It is showing that the conveyor system has been stopped and that one small piece has been collected and counted by the system.
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[bookmark: _Toc167371115]HMI Display with the Conveyor System On
The photo below shows the HMI display with the conveyor system working together. Both the display and Conveyor system have the green light on showing the system is active. The conveyor is the process of moving a large piece through the system, the piece will be pushed of automatically and be counted by the display showing that a large piece has been collected.
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[bookmark: _Toc167371116]HMI Display with the Conveyor System Off
The photo below also shows the HMI display with the conveyor system working together. This time both the display and conveyor system are showing the red light, indicating that the conveyor system isn’t active. Both the display and conveyor system can turn the conveyor on by holding either the digital green button for 5 seconds or the physical green button for 5 seconds. 
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[bookmark: _Toc167371117]Conclusion
In conclusion, the conveyor system that has been programmed has in my opinion met all demands from the assignment requirements. The only change I had made was to the timing of how long the green button must be pressed for the system to turn on as I believed that 3 seconds wasn’t enough time for the system to turn on for safety reasons. This is why I increased the time from 3 seconds to 5 seconds. This allows any accidental presses of the start button to have more time of releasing. If I was to change anything about the PLC programming, it would be the display of the HMI as in my opinion, it doesn’t look professional enough to be used in an industrial setting. It could also use more settings. For example, disable certain piston or increase the speed of the conveyor.
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Reverse Conveyor (30 Seconds)
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Turn OFF the conveyor belt

i i s
b= G e
s

“snamee

Reading Time on Optical Sensor

Network 4:
xaas el RSt
Gt piag on
i gat “sin g0
stalt P
ain_gat v
R TimeTe
xaas el st
Gt piag on
— —— v —a se—
“sin_data -
plt o seer
e e
i gat v
ur e Sme”
om0 Time
sin gt
ur Time Sience

usin et
sesd e





image4.png
Network 5:  Calculating small peice time
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Network 6: Calculating medium peice time
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