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[bookmark: _Toc315778470][bookmark: _Toc315779468][bookmark: _Toc315779544][bookmark: _Toc441658403][bookmark: _Toc110196432]Review of Different PLCs
There are a wide variety of different programmable logic controllers available on the market. Below is a list of four different PLC manufacturers and my opinion of some of the advantages and disadvantages of using each after a brief investigation. The PLCs being considered are:

· Siemens
· Allen Bradley
· Mitsubishi
· Omron

[bookmark: _Toc110196433]Siemens
	Advantages
	Disadvantages

	Most commonly used PLC – easy to source parts, most hardware is compatible and easy to find a trained programmer
	Can be difficult to program without extensive programming knowledge (less user friendly than other alternatives)

	Can be used with any 24V DC supply and does not require a rack
	Can be difficult to debug

	Compatible with European communication protocols such as Profibus and MODBUS
	Cheaper than some alternatives

	Large number of outputs with extension modules available
	



[bookmark: _Toc110196479]Table 1

[bookmark: _Toc110196434]Allen Bradley
	Advantages
	Disadvantages

	User-friendly software for easier programming
	Requires an Allen Bradley power supply and a rack

	Easily integrated into control systems
	More expensive than comparative alternatives

	Supports ethernet connections as well as North American communication protocols
	Incompatible with MODBUS

	High reliability and maintainability
	Software only available via an annual support contract



[bookmark: _Toc110196480]Table 2

[bookmark: _Toc110196435]Mitsubishi
	Advantages
	Disadvantages

	Can be used for more complex motion control
	More expensive than alternatives

	Easy to operate and troubleshoot
	Can be complicated to program

	Highly reliable
	Limited availability outside of Asia

	Modular design makes it simple to expand if more outputs are required later
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[bookmark: _Toc110196436]Omron
	Pros
	Cons

	Cheap software cost
	Less popular than alternatives so may be more difficult to find a trained programmer

	User-friendly to aid with ease of programming and troubleshooting
	More difficult to maintain than some alternatives

	Compatible with motion control technology
	Smaller company than competitors – lower chance of local operational support branch

	Compatible with Ethernet and Profibus-DP
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[bookmark: _Toc110196437]Factory I/O and Line Process
In order to design a factory process that would be capable of sorting four different package sizes and weights, it is necessary to use a wide variety of simulated components.

Firstly, an emitter is required to create each of the four package types. This needs to be placed on an entry conveyor that is linked with a range of different conveyor types that will be used to carry the packages throughout the process.

Another set of components that are necessary to start and stop the simulation are start and stop buttons, accompanied by an emergency stop button that will also deactivate the line. These are placed onto an electric switchboard to represent the need for electrical connections.

The switchboard was also fitted with a siren and the first set of stack lights. This would be used to warn people in the area about the condition of the sorting line.

All of this can be seen in Figure 1 below:
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In order to sense what boxes are passing along the conveyors, diffuse sensors are then added. One at a height that will only detect large boxes and one at a height that will only detect small and medium boxes. These are paired with two pushers that are used to push large, medium and small boxes onto other conveyors when these sensors are made (also pictured in Figure 1).

Rollers and aligners have also been used to minimise the number of boxes that fall off the line after being pushed onto the relevant conveyor.

This allows for large boxes and palletising boxes to be completely separated but small and medium boxes still require further sorting. To do this, a conveyor scale was then added, along with another diffuse sensor, so that the boxes can be stopped and weighed. There is also a digital display to show the reading.

Immediately after the conveyor scale is a pop-up wheel sorter that diverts boxes left or right dependant on the measured weight.

Later, diffuse sensors were added to detect all boxes entering the line and all boxes leaving the line. This is used to count how many boxes enter the line, how many of each type of box leave the line and to sense dropped boxes if the pusher activates but they do not reach the other end of the conveyor.

Removers are placed at the end of each exit conveyor to simulate production removing them. A second stack light is in position at the unloading end for visibility at both ends of the line.

Safeguards and doors were then placed around the sorting line to keep workers away from moving parts.

Figure 2 is an overview of the completed factory. This sorting line orders the boxes from smallest to largest from left to right.
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[bookmark: _Toc110196455]Figure 2




















With the factory built, the drivers then need to be set to allow the factory to communicate with the PLC. Figure 3 shows the configuration of the drivers. A Siemens S7-1200 PLC will be used and a count of 32 has been used for I/O points to allow all the inputs and outputs to be captured.
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[bookmark: _Toc110196456]Figure 3

[image: A screenshot of a computer

Description automatically generated with medium confidence]Each of the inputs and outputs needed to be given an address to link to the PLC to allow for control of specific components. Figure 4 shows this arrangement.
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Figure 5 is an operation flow chart to describe the process performed by the factory:
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[bookmark: _Toc110196438]PLC Ladder Logic
To control the factory, it is necessary to produce a ladder logic program. Each network will be explained individually to explain the overall control system.

[bookmark: _Toc110196439]Network 1
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Network one is a simple PLC connection that allows the program, Siemens TIA V16, to communicate with Factory I/O.
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Network 2 is used to start and stop the line. Once the start button has been pressed, as long as the stop button is not pressed (reverse logic due to interaction with Factory I/O) and the alarm latch is not true, the ‘Line In Operation’ tag will be energised. This creates a latch that bypasses the start button.

This means that once the start button has been pressed, the line will remain in operation until the stop button is pressed or there is an alarm that activates the alarm latch.
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This network controls the siren and stack lights that alert production of the status of the factory. Once the line in operation tag is active, the alarm siren is activated for 2 seconds using a pulse timer.

Whilst the alarm siren is active, the yellow light on both stack lights is illuminated, meaning they are on for 2 seconds after pressing the start button. Once the first conveyor is activated, the green stack lights are turned on to signal that the factory is running.

Any time that the first conveyor is not running, the red stack light remains on.

Combining these rungs gives a traffic light-like effect. The red light is on when the machine is stopped. Once the machine is getting ready to start, the red light and yellow light are on, and once the machine is running, the green light is on with the other lights off.

[bookmark: _Toc110196442]Network 4
Figures 8-11 (below) show the rungs that activate the conveyors. Once ‘Line In Operation’ is active, there is a 2 second delay before starting the first conveyor. There is then a further 0.5 second delay between each subsequent conveyor so that they start sequentially to avoid a power surge.

It is also worth noting that this ‘sets’ the tag for the conveyor scale. This is to allow it to be controlled in a separate network for brief stoppages to weigh packages.
[image: Diagram

Description automatically generated]







































[bookmark: _Toc110196462]Figure 9
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Network 5 activates the pushers. When the relevant sensor is broken, as discussed in task 2, there is a time delay of 350ms to allow the box to run in front of the pusher before it is activated. There is then a 200ms pulse that allows the pushers to reach their maximum stroke before the signal is lost and they retract.

This pulse also stops the pushers from staying permanently extended if for some reason it were to activate before the box has passed in front of it, such as if the line has stopped suddenly. In this case it could block the sensor so the signal would stay on and create a large blockage of packages on the conveyor if the pulse was not present.
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[bookmark: _Toc110196467]Figure 14

This network controls the starting and stopping of the conveyor scale along with determining the time at which the weight measurement is used.

Once the conveyor scale sensor is broken by a box on top of it, the scale bit is reset, meaning that it comes to a stop. There is then a 420ms ‘on delay’ before the conveyor scale bit is set and it starts again.

There is a second branch on the rung that is also activated once the conveyor scale sensor is broken. There is a 380ms delay timer that allows the box to settle on the conveyor. After this time has lapsed, there is a 35ms pulse where the live reading for the weight at that time is moved onto the digital display.

During this 35ms pulse, the ‘store conveyor scale weight’ tag also becomes true which is used in Network 7.

These timers mean that the boxes are stopped, allowed to steady and the reading is ‘stored’ in the PLC before the conveyor starts again to give the most stable and reliable weight measurements possible.














[bookmark: _Toc110196445][image: Diagram

Description automatically generated]Network 7























[bookmark: _Toc110196468]Figure 15

This network links with Network 6. In the 35ms pulse that ‘store conveyor scale weight’ is active, the PLC decides as to whether the weight is between 2.8-4.25kg or 4.5-5.5kg. The relevant ‘in range’ comparison block then becomes true.

In the case of the 2.8-4.5kg range, the ‘pop up wheel sorter right’ bit then becomes set and the ‘pop up wheel sorter left’ bit is reset. This diverts the smaller, lighter boxes to the right. For the other range, the bit values are reversed to divert the heavier, medium boxes to the left.
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This network is made up of the counters for boxes in and boxes of each type out. Simply, when the relevant sensor is broken, the rung becomes true and the count up counter increases by 1 up to a limit of 10,000. These counters are reset using the bit ‘reset counters’ which is set using the HMI. This information is stored as a UInt for the relevant counter tag.
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Network 9 controls the alarm counters to detect when large, medium or small boxes have not reached the end of the conveyor after being diverted by a pusher. 

These are up/down counters that increase by 1 when the relevant pusher is activated and decrease by 1 when the relevant sensor at the end of the conveyor is broken. The counts are stored as UInts under the ‘large box alarm count’ and ‘med/small box alarm count’ tags.

Again, they are reset when the ‘reset counters’ bit is true.
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This network controls the warnings strategy for the factory. The first line of the network means that when any %M300 bit (warnings bits) is true, giving a byte value not equal to 1, a ‘warning HMI alert’ bit becomes true which is used to activate a light on the HMI to signal to an operator that a warning is present.

The other two lines determine when a warning is present for a dropped box. The large and med/small warnings are controlled separately. The ‘large box warning count setting’ and ‘med/small box warning count setting’ UInts are set at predetermined values using the HMI. It needs to allow for several boxes to be on the conveyor in normal operation. For this reason, the large box setting is 4 and the med/small box setting is 3 to account for the length of the relevant conveyors as pictured in Figure 2.

When the relevant alarm counter from Network 9 exceeds this number, the rung becomes true, and the warning bit is energised.
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Network 11 is very similar to Network 10 but for alarms instead of warnings. The difference between these two is that warnings only alert the operator that there is a problem. Alarms on the other hand will stop the line completely and will require an engineer to reset them to restart the line.

The first line is like the first line from the previous network. When any alarm bit (%M400) is true, the alarms byte is no longer equal to zero which gives an alarm HMI alert to signal to the operator that there is an alarm.
There is however a second part to this line that differs from the warnings network. This is the alarm latch. When any alarm is activated and the byte is not equal to zero, the alarm latch will be activated which is also part of the %M400 alarm byte. This means that the alarms byte will always be true until the alarm latch has been manually reset by an engineer using the HMI.

This rung is vital to the warnings and alarms strategy as it forces the operator to get an engineer to fix the problem before the line will restart.

The second rung uses reverse logic due to Factory I/O and means that when the emergency stop button is pressed, the ‘machine e-stop alarm’ is activated and stops the line.

The rungs with counters run in the same way as in network 10 – they just have different set points. These, again, are set using the HMI. The large box alarm is set at 7 and the med/small box alarm is set at 6 to compensate for boxes still traversing the conveyor.

Figure 19 (below) shows a description of all 11 networks:
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As mentioned previously, the PLC also has an HMI to allow the operator to control the factory. This is made up of 3 screens: Root Screen (Figure 21), Warnings and Alarms (Figure 22), and Engineer (Figure 23).
The Root Screen features buttons for starting and stopping the line, along with an emergency stop button. It also features a stack light indicator to mimic the stack lights on the line.
Along with this, the counters are displayed to allow the operator to see how many boxes have entered the line and how many of each type have come out. There is also a button to reset these counters.
[image: Graphical user interface

Description automatically generated]There are also lights to flag up warnings and alarms.
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Description automatically generated]The Warnings and Alarms screen displays a light for each of the alarms that illuminate when the relevant bit is true. It also displays the live error count reading to show how many boxes have been diverted by a pusher and not completed their traversal to the end of the conveyor.
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The Engineer screen has options to change the settings at which warnings and alarms are flagged for large and med/small boxes. These values are also retained by the PLC so the values are not lost when it is turned off.
Along with this, there is an alarm reset button which is the only way to reset the master alarm bit. This ensures that alarms must be reset by an engineer who should be the only personnel with access to this screen.
[image: Graphical user interface, application, Teams

Description automatically generated]Each screen also features buttons that can be used to change between each of the three screens.
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