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[bookmark: _Toc93315957]Task 1
In this task I will review the various Programmable Logic Controllers (PLCs) that are currently being used in industry along with their advantages and disadvantages. The first PLC was introduced in the late 1960s. A programmable logic controller is an industrial computer. It is designed to help in the control of manufacturing processes. The automobile sector was the first industry to deploy PLCs into its operations [1]

[bookmark: _Toc93315958]Modular PLC’s
[image: Diagram

Description automatically generated]A modular PLC (also known as a rack) is a version of a PLC that allows multiple expansions. This means the number of Input/Output ports can be increased at any time. The Input/Output, communications and power supply module are separate to the microcontroller so they must be manually connected to one and other [2]. This PLC type is best used for big industrial or manufacturing as the volumes are forever changing in these markets and the increased number of I/O ports will be useful for when the volumes go up.

[bookmark: _Toc93315959]Advantages
· Scalability.
· Number of Input/Outputs.
· Easier to troubleshoot and repair.
· Less Downtime.
· Module Combinations.
· Memory.

[bookmark: _Toc93315960]Disadvantages
· Can be too much work connecting the separate modules if there are lots of them.
· Fixed circuit operation.
· Some PLC manufactures only offer closed-loop architecture.
· Expensive.
· Working condition limitation (heat and vibrations).
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Description automatically generated]Compact PLC’s
A compact PLC is mostly known as a Fixed I/O (Input/Output) in industry. A Fixed I/O PLC is shipped from the manufacturer with a limited number of I/O ports and no room for expansion, with that being said, the most realistic place that this type of PLC is used is in a small-scale automation application [3]. If the scale of automation was to be increased, a modular system would most likely have to be installed.

[bookmark: _Toc93315962]Advantages
· Relatively small compared to modular PLC units.
· Cheaper than modular PLC units.
· All components under one box – no wiring required.

[bookmark: _Toc93315963]Disadvantages
· Limited number of I/O ports.
· Can be a challenge to troubleshoot or repair.
· Used for single or basic applications – not multiple or complex applications

[bookmark: _Toc93315964]PLC Type Evaluation
After comparing the two main types of PLC’s – Modular and Compact. I have come to my conclusion on which unit would be the best.

In my opinion the Modular PLC is the better of the two units because a Modular PLC can be expanded whereas the Compact cannot, and in a scenario where a small manufacturing company that is using a Compact PLC, they will have to replace it with a Modular PLC if the application is too big for the Compact unit. If the company already had a Modular unit installed, yes it would be more expensive to have in place, but the only work required would be including the new module and wiring it up. 

Finally, the Modular units are easier to troubleshoot, and repair compared to their Compact counterpart, if something was to go wrong with the PLC in any way and manufacturing was being affected the less downtime would be the better option. Thus, it can be argued that Modular units are far more beneficial to the industry.

[bookmark: _Toc93315965]PLC Output Types
In PLC’s there are two main output types, Relay and Solid State. Below I delve further into the details of the sperate outputs and what they have to offer and how they are different to one another. Both have advantages and disadvantages and are used in a variety of manufacturing factories that operate automated processes.

[bookmark: _Toc93315966]Relay
A PLC with a relay output has physical coils and relay contacts which are contained inside. The contacts are operated by applying a voltage to the relay coil which will then switch the power to the output [4].

[bookmark: _Toc93315967]Solid-State
Solid-state modules can also be referred as switching modules. The output devices are turned on and off by using a solid-state device. The various solid-state devices are listed below with a further elaboration of each.

Transistor
Transistor output units are open collector with the common terminal connected to the emitters of all the outputs. They are only capable of operating DC loads, and they are voltage dependent, they are most used to switch circuitry with low power [5].

Triac
The Triac output module is capable of controlling AC loads where the transistor output modules can control DC loads only and when the PLC signal is applied, the Triac will turn on and make an AC path for the load [4].

TTL
Some TTL output units require that the 5 VDC power for the output circuitry be connected to the output unit to also provide power for its internal TTL circuitry.

The connection of these outputs to external TTL circuitry would be the same as with any other TTL connections.  The only concern with these outputs is that various PLC manufacturers specify the outputs as positive or negative logic.

In some cases, these may be direct and not optically isolated, but the isolated units provide better protection for the PLC.  The outputs of the TTL unit have a common terminal (OUTCOM) which must be connected to the negative terminal of the power supply for the external TTL devices being driven by the output unit [6]
[bookmark: _Toc93315968]Task 2
In this task I have replicated my design into Factory I/O with all of my ladder logic incorporated. I have tested this and everything works fine.
It includes the following features;
· 2 Pushers.
· 3 Conveyors.
· 1 Weighing Conveyor.
· 1 Wheel Sorter.
· 12 Sensors.
· 5 Stack Lights.
· 1 Siren.
· 1 Start, Stop and Emergency Stop Button.
· 4 Counters.

[image: ]

A copy of my Factory I/O design will be included along with my other files.
[bookmark: _Toc93315969]Task 3
Below you will find screenshots of my ladder logic that powers my factory I/O design in task 2.

PLC Tag Table
In the screenshots below, all the tags I have used are shown. There are different data types from Bool, Dint and Real. They are used for different tasks as per their description in the column ‘name’.

The tags are assigned addresses, Bool addresses are either a I, Q and M – I meaning Input and Q meaning output and M meaning Memory. These input and outputs are then relayed to the driver on Factory I/O in the same address. Memory locations are different as they don’t take a slot on the driver, memories are functions used locally to recall at any given moment.

The other type of tag – Real is used primarily for the weight recording on the weighing conveyor. Real tags are shown on the driver.

The final type of tag is the Dint which translates to double integer, these integers can be used for conversion and other things. Dint must be inputted on the driver.

In total 71 tags have been used and all of them perform a task in my ladder logic.
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[bookmark: _Toc93315970]Network 2
This is the first proper network that I have incorporated in my Siemens program. It shows the basic operation of start which then powers ‘operate’ which is the main memory location that drives the conveyors, and this is latched into position until the connection is broken.
The stop button will cut the power to ‘operate’ as it breaks the latch, meaning the conveyors will stop. the emergency stop tag works in the same way, but when the emergency stop button is pressed more features are included which are shown below in network 3.
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[bookmark: _Toc93315971]Network 3
This network shows what the emergency stop button operates. once the emergency stop is pressed, the memory location ‘memory 4 – emergency stop’ is activated and the outputs ‘amber stack light’ and ‘siren’ are activated. the amber stack light that will light up is situated on top of the main control panel.
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[bookmark: _Toc93315972]Network 4

Once the ‘weighing stop sensor’ has been broken a 1 second TOF timer will begin and the memory location ‘loading memory’ will be activated. When the ‘loading memory’ is activated the ‘weighing scale control memory’ is activated with the set output being used. when the ‘weighing scale memory’ is set the following line is activated, which starts a TON timer for 300ms, and this tells the weighing conveyor with box is ready for measurement. If the box weight is below 4.6g the pop-up wheels will turn left, and the box will be transferred from the weighing conveyor to the pop-up wheels and sent left to the smaller box sorter. in the case that the weighing conveyor was recording 4.7g (equal or more) the pop-up wheels will reset to original position as shown in my logic, and the box of that weight will travel down the conveyor. 

This network is the most important as the weighing scale and the pop up wheels sort 3 different box sizes. 
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[bookmark: _Toc93315973]Network 5
In network 5 below, it is a simple operation that set and resets the pusher. once the box hits the sensor on the negative side, the set/reset operation is then activated, which then powers the ‘pusher1 front limit’ on the positive side. Once all the above is active, the box is pushed down the ramp to the collector.

This pusher dispatches of the large box at the very beginning. The large box wa the easiest to dispatch first as it is the tallest, so a taller sensor is best so the other three boxes can go underneath and the weigher can sort it out.
[image: ]

[bookmark: _Toc93315974]Network 6
In network 6 below, it is the exact same concept as network 5 above. Once the box hits the sensor on the negative side, the set/reset operation is then activated, which then powers the ‘pusher 2 front limit’ on the positive side. Once all the above is active, the box is pushed down the ramp to the collector.

This pusher dispatches of the small box, after the pallet box and small box are sent down the left side conveyor after the sorting wheels have sorted them. A pusher was easier to put in place here as the pallet box and the small box have different heights so a taller pusher where only the small box gets detected is the best way. 

[image: ]

[bookmark: _Toc93315975]Network 7
In this network I have included counters to see how many boxes of each side are distributed. I have placed a sensor on every output of each box size. Once the box passes the sensor the signal is the transferred to the counter and outputted to the screen on the control panel. there is also a reset button on the control panel that is programmed into the counter to reset the count so far.
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[bookmark: _Toc93315976]Network 8
In network 8, I have included the pallet box stack light indicator with green, amber, and red lights. In network 7 above, a pre-set number can be made on the counter, and this is followed in network 8 in a way the lights will change if the box value goes over the pre-set value. Example, if the pre-set value is set at 10, my code below says if the value of boxes is below 10 the light will be green. if the value of boxes is equal to 10 the light will go amber. if the value of boxes goes above 10 the light will turn red.
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[bookmark: _Toc93315977]Network 9
In network 9, I have included the pallet box stack light indicator with green, amber, and red lights. In network 7 above, a pre-set number can be made on the counter, and this is followed in network 8 in a way the lights will change if the box value goes over the pre-set value. Example, if the pre-set value is set at 10, my code below says if the value of boxes is below 10 the light will be green. if the value of boxes is equal to 10 the light will go amber. if the value of boxes goes above 10 the light will turn red.
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[bookmark: _Toc93315978]Network 10
In network 10, I have included the medium box stack light indicator with green, amber, and red lights. In network 7 above, a pre-set number can be made on the counter, and this is followed in network 8 in a way the lights will change if the box value goes over the pre-set value. Example, if the pre-set value is set at 10, my code below says if the value of boxes is below 10 the light will be green. if the value of boxes is equal to 10 the light will go amber. if the value of boxes goes above 10 the light will turn red.
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[bookmark: _Toc93315979]Network 11
In network 11, I have included the large box stack light indicator with green, amber, and red lights. In network 7 above, a pre-set number can be made on the counter, and this is followed in network 8 in a way the lights will change if the box value goes over the pre-set value. Example, if the pre-set value is set at 10, my code below says if the value of boxes is below 10 the light will be green. if the value of boxes is equal to 10 the light will go amber. if the value of boxes goes above 10 the light will turn red. The pre-set value can be set to any desired number based on the operation.

These stack light are important indicators for the shop floor because if there was a limit on the boxes, the workers on the shop floor will be able to see if there is a problem or not.
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[bookmark: _Toc93315980]Task 4
In this task I have taken screenshots of my HMI screen that I made on siemens. The HMI can be used to operate Factory I/O by linking it up. the HMI acts the same way as the control panel. many screens can be added, and various functions can be included.

[bookmark: _Toc93315981]Root Screen
On my HMI design the root screen is also known as the home screen. the 3 main functions of this screen are to start the conveyors, stop the conveyors and the emergency stop. the HMI is a feature that replicates a physical screen and can be used to link the ladder logic to buttons on a design. For the start button I linked it to the same tag as what’s in the ladder and when the HMI is active if the green button is pressed the memory location ‘operate’ will begin as described in network 2 above. 
[image: ]

[bookmark: _Toc93315982]Counter Pre-set Screen
This screen on the HMI can be accessed by clicking on the input screen 1 on the root screen. to go back to the root screen, the ‘back’ button situated top left can be clicked. The only purpose of this screen is to set the pre-set for the different box sizes. As well as adding the pre-set into the ladder logic, it can be done here too. Including it this way is easier for the operator as the screen can be clicked and any number of choices can be inputted for any box size. The final feature included on this screen is the reset button, this can be used the same way as the button on the control panel, it will reset the number of boxes.
[image: ]
[bookmark: _Toc93315983]Counter Screen
The final screen on my HMI (input screen 2) is a replication of the light indicators at the end of each box slide, when the designated sensor gets triggered, the number of boxes, of that size will go up 1 increment. On the previous page – Counter pre-set screen. with the light indicators, they are a replication of my logic in network 11 and works in the exact same way as the stack lights. If it is below the pre-set number the light will turn green, if it is equal to the pre-set number the green light will turn off and the amber light will show on its own and finally if it is over the pre-set value the amber light will turn off and the red light will show. I have added it to the HMI as the control engineer can see the status of everything in one place.  
[image: ]
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Startand Stop Operation

B

N S

P

Ny Sy

N S

S




image10.PNG
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