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[bookmark: _Toc93321802]Task 1

  “Provide a brief literature review of several PLCs currently used in industry and provide a table of Pros and Cons of each in your opinion”.


[bookmark: _Toc93321803]Review of PLCs

  There are two main types of PLC. These are ‘compact’ and ‘modular’ PLC. Below can be found a description of each.

[bookmark: _Toc93321804]Compact PLC

  A compact PLC is an entire unit that includes a power supply, CPU, and a set limited number of I/O pins and cards. All of these are integrated in one casing and additions cannot be made. I/O cannot be increased and processing power is set by the CPU within. Compact PLCs are mainly used for small scale automation applications such as replacing timers, counters, relay logics [1]. If an existing process is changed to have increased PLC requirements, then a separate compact PLC will need to be used, or a switch to modular PLC. Compact PLCs are quite limiting in this way.

[bookmark: _Toc93321805]Pros

· Cheap relative to modular PLC.
· Contained unit so power supply, CPU, I/O are included within.
· Small in size.




[bookmark: _Toc93321806]Cons

· Used for standalone tasks, not complex applications.
· Limited number of I/O pins and cards.
· Cannot be upgraded in processing power.
· Difficult to repair and troubleshoot.
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[bookmark: _Toc93321807]Modular PLC

  A modular PLC is created from individual components, connected to make an overall PLC. These are rack based and power supply, CPU, I/O modules are mounted on racks. As such these can be changed to increase/decrease the number of I/O modules and processing power, per the requirement. This is useful for industrial or manufacturing engineering processes, as the requirement could change as volumes, design, complexity, etc, go up or down. Additional modules can be slotted together. Modular PLCs can vary in size (processing and physical) depending on numbers of I/O needed. As such they can sometimes be very large and expensive. This of course depends on the function that the PLC is being used for. 

[bookmark: _Toc93321808]Pros

· Easy to increase/decrease CPU power and I/O modules.
· Used in applications where large number of I/O are needed.
· Easy to replace fault modules and troubleshoot problem areas.
· More memory and capacity to store higher volume of info.

[bookmark: _Toc93321809]Cons

· More expensive than compact PLC.
· Power supply, CPU and I/O modules are separate. Need to purchase and connect all.
· Can be large in size, depending on application needs.
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[bookmark: _Toc93321810]Comparison of Compact and Modular PLCs
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	Manufacturer
	Mitsubishi
	Omron
	Schneider Electric

	Model name
	FX3s
	CP2E
	M241

	Power Supply
	AC
	AC or DC
	DC

	Voltage
	24V Sink/Source
	24V Sink/Source
	24V Sink/Source

	Number of inputs
	8
	18
	14

	Number of outputs
	6
	12
	10

	Output type
	Relay or transistor
	Relay or transistor
	Transistor

	Memory
	16,000 steps
	16,000 words
	128,000 steps

	Communication Port
	USB, RS-422
	USB, RS-232, RS-485
	Ethernet, USB, RS-232, RS-484

	Dimensions
	60 x 90 x 49mm
	130 x 80 x 110mm
	150 x 95 x 90mm

	Cost
	£218.40
	£368.40
	£490.80






[bookmark: _Toc93321811]PLC control circuits

  PLCs can also be defined by output. The three main types of these are relay output, triac output, and transistor output.

[bookmark: _Toc93321812]Relay output PLC

  Relay outputs use mechanical switching to switch output state between contacts. Relay outputs are capable of switching AC or DC outputs. AC Relay contacts come in three main arrangements. These are as follows. AC single pole normally open contact, single pole normally closed contact, and single pole double throw contact [3]. If a relay uses a double throw contact, then both normally open and normally closed can be obtained by switching between the two contacts of the double throw. One pin will be designated normally open (NO) and one normally closed (NC). When an output is turned off it switches to NC and when it is turned on it switches to NO.
  When using a series of double throw contacts, a common output can be set between multiple terminals. This allows all power supplies to be driven by one common connection. It also allows for a common output where each set of NC & NO outputs connect to the common output. When a terminal switches from NC to NO it is fed into the common output. This allows for multiple SPDT to connect on one output, giving a larger number of output variables.
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[bookmark: _Toc93321813]Triac output

  Triac outputs are solid state modules, that control AC loads only. Once a signal is sent to the PLC the Triac will turn on and provide an AC path for the load. Triac outputs are used for low power AC loads, usually with current ratings around 1A. Some examples of where they are used are with lighting loads, and started motors [4].

[image: ] [5]



[bookmark: _Toc93321814]Transistor output

  Transistor output modules are only capable of operating DC loads and are voltage-dependent. Usually used to switch low power circuitry. As with the other output types, transistors can be used independently or with a common output, but more often than not, transistor outputs are used with a common terminal. This terminal is connected to the emitters of all outputs [2]. Transistor units are available in ‘sourcing’ or ‘sinking’. The difference in these is which direction the current is flowing. Sourcing outputs will have current flowing out of the terminal, whereas sinking outputs have current flowing in to the terminal.
[image: ] [4]


[bookmark: _Toc93321815]Summary of outputs

  Below is a table comparing some of the pros & cons of each output type. Each output type has its own positive design features, thus making each suitable for specific types of operation.
  Relays are most useful when an operation needs both AC &DC outputs, as this is the only output type that can output either, or when it is needed that the PLC is totally isolated from the load. Triac outputs are most useful when an AC current is being used. These are capable of switching much faster than relays, but are limited in the load value being used. Transistor outputs are used when only a DC load is being used. Again, these switch much quicker than relays do as they are free of mechanical switching. These can cause issues with current leaking and thus are less favourable if the load needs to be totally isolated from the PLC.


	Output Type
	Pros
	Cons

	Relay
	Capable of switching large current, can operate AC & DC loads, electrical isolation between load & PLC
	Mechanical switch wears with time, slow switching time

	Triac
	Faster switching than relay
	Limited to AC loads, limited to low current ratings

	Transistor
	Fast switching as no mechanical parts
	Small voltage drop when turned off, can leak current even when turned off, limited to DC loads







[bookmark: _Toc93321816]Task 2

  “Utilising the components within Factory I/O, design a factory process capable of sorting a  range of package sizes and weights (minimum 4 different types)”


[bookmark: _Toc93321817]Overview of factory I/O design

  Below is a screenshot of the entire factory design, from start to finish. Starting on the left of the image, boxes of four different sizes enter the conveyor system, by way of an emitter. The box sizes (pallet box, small box, medium box, and large box) are organised by size and weight, as they progress along the conveyor system. The components used to create this design are listed below the design image.
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[bookmark: _Toc93321818]Component list

Conveyor and sorting operation

· Start button x1
· Stop button x1
· 6m conveyor x 1
· 4m conveyor x 2
· 2m conveyor x 2
· Curved conveyor x1
· Conveyor scale x1
· Pop up wheel sorter x1
· Pusher x2
· Diffuse sensor x7

Alarm system

· Emergency stop button x1
· Alarm siren x1
· Warning light x1

Information/Counting system

· LED display x4
· Reset button x1
· Stack light x4


[bookmark: _Toc93321819]Task 3

  “Write a ladder logic program to control your factory process.”

[bookmark: _Toc93321820]Tag table

  Below is a list of all the tags used for the ladder logic, that controls the factory I/O system in task 3.
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[bookmark: _Toc93321821]Driver

  Below is a schematic of the driver used to operate the factory I/O system in task 3. It shows the inputs and outputs are connected to the designated PLC pins. The PLC used to drive the system is a Siemens S7-PLCSIM.
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[bookmark: _Toc93321822]Networks

  Next to be seen are the various networks used to create the ladder logic. The software used to create the ladder logic is Siemens TIA V16. In total there are 16 networks to operate the entire system.

[bookmark: _Toc93321823]Network 1
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[bookmark: _Toc93321824]Network 2

  This network begins the entire system. It uses start and stop, normally open switches to begin and end system operation, as well as a memory “sorting operation”. The memory ‘sorting operation’, is used to operate multiple conveyors throughout the design, and is utilised so that many outputs can be driven by a common input. The starting and stopping of this input will start/stop any system it is connected to. It is used again at the start of network 2 as a latch. This prevents the system from only activating for a brief time and then turning off. Once ‘sorting operation’ begins, the normally closed switch closes, and remains closed as the signal keep repeating between the output and the switch. This latch is broken once the stop button, or memory ‘M4’ are used.
  Sorting operation activates a series of conveyor (as seen in the image) however, the conveyors connected with ‘sorting operation’ will not activate until a package breaks the sensor preceding them. More on this in the coming network write-ups. There is also a red and green stack light used to show when the conveyors are running or on stop.  

  [image: ]
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[bookmark: _Toc93321825]Network 3

  Network 3 is where the memory ‘M4’ is defined. The memory M4 is used to stop networks, when the emergency stop is activated. By using the same memory in multiple networks, it ensures that all relevant networks stop operation, once the emergency stop is used. Once the emergency stop button is pressed, it will activate the normally closed switch, at the beginning of this network. Once the emergency stop button is activated, a siren and warning light will activate, and the memory M4 will bring to a halt, all conveyor networks.

[image: ]
[image: ] Emergency stop system that is driven by network 3.

[bookmark: _Toc93321826]Network 4

  Network 4 activates the ‘large box pusher’. This pusher sorts only the large boxes, as the sensor ‘large box sensor’ is set to a height that can only be broken by the large boxes. Once the large box has finished travelling through the sensor, and it returns to an unbroken state, it activates the large box pusher, which pushes the large boxes from the conveyor and into a package remover. The reset for the pusher is activated by the positive edge of the sensor, so once it is broken, it activates the reset function. This ensures that the pusher pushes the large box and then returns to its zero point, so that it does not block the conveyor.

[image: ]

  Below is an image of the large box pusher, with sensor.
[image: ]

[bookmark: _Toc93321827]Network 5

  This network operates the pusher that sorts the small and medium boxes onto a separate conveyor system. This network works in the same manner as the previous network but with different sensors activating the set/reset. The sensor “S & M box (detection)” that activates the set function, is positioned at a height that will detect only the small and medium boxes. The small and medium boxes are of the same height, with only differences in with and weight. Because of this, both small and medium are detected by the sensor, while the much smaller pallet box, continues straight along the conveyor system. The small and medium boxes are pusher onto the curved conveyor, ready to be sorted later.

  [image: ]
  S & M box pusher described in network 5. The small and medium boxes are pushed straight across onto the curved conveyor, and the pallet boxes continue.
[image: ]

Here can be seen the pallet box reaching the package remover. In the upper right of the picture, the small and medium pusher can be seen. The below picture is immediately after the push operation.
[image: ]
[bookmark: _Toc93321828]Network 6

  Network 6 activates the forward conveyor. This is the conveyor that carries the pallet boxes, after they have passed the second pusher. Once again this is set using the ‘sorting operation’ memory, and stopped using the emergency stop memory ‘M4’.
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[bookmark: _Toc93321829]Network 7

  Network 7 begins the curved conveyor and the subsequent 4m conveyor, that the small and medium boxes travel down. Once the sensor ‘S & M box (detection)” is broken, it initiates the memory ‘sorting operation’ that was earlier mentioned in network 2. Once again this is latched so that the conveyors continue to drive. As mentioned previously, this memory is used to drive all the conveyors and ensures that all can be started with a common input. The memory M4 is also re-used here, once again providing the emergency stop function.
[image: ]

[bookmark: _Toc93321830]Network 8

  Network 8 operates the function of weighing the small and medium packages, in order to distinguish the two and give a parameter for sorting. The sensor ‘ sensor 5 (activate timer)’ sends a signal to the TOF timer, once a box breaks its beam. A TOF timer works by activating immediately and turning off once the pre-set time is reached. The TOF timer is used here so that the box has time to reach the centre of the scale, after breaking the beam. After the pre-set value of one second Is reached, it sends a signal to begin the ‘stack loading’ process.
  Stack loading sets the conveyor scale, ready to weigh the incoming boxes and activates a TON timer. A TON timer works by activating, only after the pre-set time is reached. This gives a defined time between the setting of the scale, and the weighing of a box. Therefore after 300 milliseconds, the scale is ready to weigh boxes. A secondary TON timer, using the same time of 300 milliseconds, also activates the reset functions of the scale, and ‘ready for measurement’ functions. This keeps the loop of setting/resetting the scale, so that it is always ready for a new incoming box.
  Finally, the ‘ready for measurement’ memory, activates a TP timer. A TP timer sends a pulse for a pre-set time. This switches the timer between 1 and 0. The function of this timer is to ensure that only one reading is sent from the TP timer to the ‘MOVE’ function, and prevents a fluctuation in the box weight, as it proceeds to move along the conveyor. It captures one weight, only when the box has stopped, and sends it to be compared by a comparator. The comparators check if the weight is above or equal to 4.5, or below or equal to 4.6. If the case is the former, then the pop-op wheels turn left and send the small boxes to its final conveyor, where they reach a package remover, and if the case is the latter of above/equal to 4.6 the pop-up wheels remain straight, or reset the left turn of the wheels, if they are at the left function from a previous small box.
[image: ]
The below image shows the setup of the pop-up wheels and the removers for the small and medium packages.
[image: ]

[bookmark: _Toc93321831]Networks 9 - 12

  Networks 9 to 12 are the ladder logic used to control the counters for each box type. Using sensors placed just before reaching the emitters of each package size, these four networks all work in the same manner, with the changes being the input to the counter, memory of the box type and ‘CV’ the actual value being outputted by the count. The input to the counter is activated by the positive edge of the sensor (in this case the large box ‘sensor’), and the subsequent count that is outputted is counted on the ‘large box display’. All four counters have a common reset button. Networks 10, 11 and 12 all work in the same manner, and can be seen in the ladder logic that has been submitted along with this report.
  The pre-set value (PV) of this counter “IEC_Counter_0_DB” is determined by the user. This can be set in the HMI screen, and is used to set operational boundaries for the operator. 
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Below is an image of the counter displays, and the reset buttons to reset all counters.
[image: ]

[bookmark: _Toc93321832]Networks 13 – 16

  Networks 13 to 16 operate the stack lights that accompany each box size. These stack lights are placed by the remover for each box, and are used as visual aids to represent where in the count each box type is. This will be explained in depth on the HMI section. As for the ladder logic to control these, the same method is used for all four networks, with differences in input being the counter that activates each function of ‘less than’, ‘equal to’, ‘greater than’. Differences in output are which of the four stack lights are operated. There is one for each box size.
  In the below example of these four networks, the logic for the large stack lights is shown. The input for each line is operated by counter “IEC_Counter_0_DB”.CV, with ‘CV’ denoting the actual value that is being outputted by the counter, seen in network 9 above. This counter is counting only the large boxes, and the counters in networks 14, 15, and 16 only count their set box type. These counters are “IEC_Counter_1_DB”, “IEC_Counter_2_DB”, and “IEC_Counter_3_DB”.
  If the actual value (CV) of counter “IEC_Counter_0_DB” is less than the pre-set value (PV) of counter “IEC_Counter_0_DB” then ‘large stack green’ operates. This signals to the operators that the number of large boxes received is below the desired amount (PV). If CV is equal to PV then ‘large stack yellow’ is activated to signify to operators that the pre-set value has been reached, and that action needs to be taken to remove the large boxes. If the CV of the counter is greater than the PV of the counter, the ‘large stack red’ light activates, signalling to the operator that the number of large boxes has now exceeded the desired value, and action needs to be taken. 
  The logic for medium, small, and pallet boxes is the same, with changes to counter input, and the output stack activated.
  [image: ]
  Below is an image of the stack lights mentioned above. Stack lights in this picture are for the ‘pallet box’ count.
[image: ]

[bookmark: _Toc93321833]Task 4
“Incorporate a HMI device into your factory and program”





[bookmark: _Toc93321834]Factory HMI

  Detailed in this section are the various HMI screens used to operate the factor I/O. The functions on the HMI are programmed using the existing ladder logic, and provide a virtual operation of components, as well as having the physical controls on the control box (start, stop, emergency stop buttons, for example). This allows an operator to control the process without having to be right by the physical controls.


[bookmark: _Toc93321835]Main HMI screen

  The main HMI screen allows for start, stop, and emergency stop operations. Each of these controls can be used on the HMI screen and have a visual indicator to show when they are active.
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[bookmark: _Toc93321836]Fault/Warning screen

  The fault/warning screen shows the four counter displays, along with a reset button. This mimics the displays on the control box, seen below. This allows the operator to check the count on each type of box, without having to physically be at the control box. This screen also has a virtual display of the four sets of stack lights (seen circled in red below). These activate at the same time as the stack lights in networks 13 to 16 and act as an indicator of where in the count each box type is.
[image: ]

[image: ]


[bookmark: _Toc93321837]Engineering screen

  The engineering screen (naming of this screen was forgotten in the project, with no way of changing it now. It shows as screen “medium box count”, when in fact it should be named “engineering screen”), allows for pre-setting counter warning numbers. This is where the PV values of networks 9 to 12 are utilised, and a value can be set to determine how high the count will go. This impacts the stack lights in the later networks, and the simulated stack lights on the HMI. This screen allows for an operator to input a desired value, and set the limits of maximum number of boxes allowed to reach the remover, for any one size of box. As there are four box sizes, there are four different control limits associated with these.
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Network 6:

Sensor start forward conveyor 2
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Network 7:
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Network 8: Scale conveyor weigh and store weight.
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Network 9:  Large box counter
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Network 13:
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Welcome to HMI_1 (KTP700:Basic+ PN)!
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Compact PLC
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Modular PLC




