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1.0 Introduction
In this report I will describe in detail my factory operation. Included in the report is a literature review of current PLC’s used in today’s industry along with my opinion on why Siemens is the best PLC manufacturer. Further included in this report is flow charts showing my factory operation logic and a flow chart describing the alarm/warning strategy I have developed. I have also added the operational parameters of this strategy during factory operation.  
[bookmark: _Toc83115255]





2.0 Literature Review of current plc’s

[bookmark: _Toc83115256]2.1 History of the PLC 
The first PLC was developed in the 1960’s known as the ‘MODICON’. The purpose of this invention was to replace electromechanical relays with a digital computer. This computer has stored programs that imitate multiple relays to perform logical tasks [1]. 
[bookmark: _Toc83115257]2.2 Current PLC’s Used Today
The correct PLC to use is largely dependent on its application and the budget available. Some examples of popular PLC manufacturers are:
· Siemens
· Allen Bradley 
· ABB
· Mitsubishi 
· Schneider 
· Omron
Some of the manufacturers have wide ranges of PLCs such as a smart relay which is a basic PLC. For simple machines they have low IO PLC’s. For more complex applications they have mid IO PLC’s. For more critical applications they have the high IO PLC’s. 
[bookmark: _Toc83115258]2.3 Best PLC On The Market
[bookmark: _GoBack]The top two brands that lead the PLC market is Siemens and Allen Bradley. These companies boast the best range of PLCs across multiple sectors and prove dominant over other brands. 
They are popular due to a number of factors as stated [2] :
1. Ease of use – Both brands already perform at the optimum level so their user interface is important for ensuring high sales. Siemens falls short for user-friendliness. 
2. Hardware – Allen Bradley devices have a more difficult installation process. The Allen Bradley device needs its own power supply rack and additional safety communication port cards. Siemens devices can be simply plugged into standard 24V power supplies and come with built in safety communication ports. 
3. Support – Siemens tops the PLC list in terms of the technical support they offer their customers post sales. Other brands offer similar support and depending on what hardware is used, whether or not the support is free. However, Siemens offer their customers full comprehensive support when using their products.
[bookmark: _Toc83115259]

3.0 Flow Charts
3.1 [bookmark: _Toc83115260][image: Diagram

Description automatically generated]Flow Chart of operation
3.2 [bookmark: _Toc83115261] Flow Chart of Alarm Strategy
[image: ][image: ]
[bookmark: _Toc83115262]4.0 Ladder Logic Programme

For the factory operation a ladder logic programme by Siemens called ‘TIA 16 portal’ was used. This programme allows you to link elements consisting of inputs and outputs into a functional network that will correspond to all of the elements in the factory operation. Each factory element has an individual PLC tag that is used in a network to achieve a specific function. 
Start, Stop and Operate 
[image: A screenshot of a computer

Description automatically generated]This network is how to start the whole factory process. When started, an input signal is received by the output ‘operate’. This tag then actions all the other networks that are linked to it. If a master error present, then the operate output will not activate and thus the factory will not start as normal until the master error is reset. 

Activate Siren 
[image: A screenshot of a computer

Description automatically generated]Input operate actioning the Siren to indicate the factory has started its process. The Input signal is held for 2 seconds.





Activate Green Stack Light 
[image: Graphical user interface, application

Description automatically generated]This network is to indicate the factory has started its process and the belt conveyors are live. Using the operate input signal, an on-timer delay actions the green light to come on after 5 seconds have passed. 

Activate Belt Conveyor 1 (2m)
[image: Graphical user interface, application

Description automatically generated]The first belt conveyor is actioned on after 5 seconds have passed. This method of activation is the same for the rest of the conveyor belts with varying on timer delays. The red stack light turns off after the same amount of time due to operate being activated. 
[image: Graphical user interface, application

Description automatically generated]Activate Belt Conveyor 1 (6m)
[image: Graphical user interface, application

Description automatically generated]Activate Belt Conveyor 2 (2m)
[image: Graphical user interface, application

Description automatically generated]Activate Belt Conveyors 2 (4m) and 5 (2m)

[image: Graphical user interface, application

Description automatically generated]Activate Belt Conveyor 3 (2m)

[image: Graphical user interface, application

Description automatically generated]Activate Spur Conveyor

[image: Graphical user interface, application

Description automatically generated]Activate Belt Conveyor 2 (6m)

[image: Graphical user interface, application

Description automatically generated]Activate Curved Belt Conveyor







Activate Sensor 1 + 2 and Pusher 1 + 2
[image: Graphical user interface, application

Description automatically generated][image: A screenshot of a computer

Description automatically generated]The sensors are both at certain heights to enable the laser to be triggered by the correct box. Once triggered this activates an off timer followed by an on timer before initiating the pusher. The times are varied for an optimal push of the box onto its designated line. 
Activate Belt Conveyor Scale + Operate 2 
[image: Graphical user interface, application

Description automatically generated]This network actions the belt conveyor scale to start operating. In this network, operate 2 is also introduced and is used to action the pop-up wheel sorters. Once operate is active, the belt conveyor scale is activated. Operate 2 is also activated.


Activate Pop Up Wheel Sorter and Belt Conveyor 4 (2m)
[image: Graphical user interface, application

Description automatically generated]In this network, operate 2 is the input signal. This is actioned by operate with an on-delay timer. Once active, operate 2 sends an input signal to turn the pop-up wheel sorter on. Operate 2 also sends an input signal to an on-delay timer that sends the signal to the belt conveyor after 1 second. 
Activate Belt Conveyor Scale Stack Light
[image: A screenshot of a computer

Description automatically generated]The red stack light for the scale conveyor follows the same logic as the main red stack light. When the red stack light is not on, the green light is active. For the stack light to show a momentary pause in the line, when operate is active but the scale conveyor is off, the stack light indicates a yellow light.
Activate Belt Conveyor Scale Sensor for Weighing Box
[image: Graphical user interface, application

Description automatically generated]This network is in charge of actioning the belt conveyor scale sensor when a box triggers the sensor and momentarily stopping the belt for the weight of the box to be measured. Once the weight is measured, this network also resets the belt conveyor to move the box to the next part of the process. The input signal in this network is the sensor that is located near the middle edge of the belt. This input receives a signal when the positive trigger is actioned by the front end of the box. This input signal is then held by a pulse timer for 500ms to allow for the box to be weighed. Once the 500ms has passed, the input signal is then received by the belt conveyor scale to reset. Once the belt has reset and the box can continue to move along the process, an on-timer delay of 400ms holds the signal before being received by a final ready output. This ready element is a set output that is used for the weight store function. 


Small and Medium Box Weight Store
[image: A screenshot of a computer

Description automatically generated]This network allows the weights of the boxes to be measured and stored in the system to action the direction the boxes need to go. The input signal is a ready input that is set from the conveyor scale sensor network. In this network, move value is given instructions to transfer the contents of its input to its output. The input contents being the weight of the box is now transferred to the output, the weight store. Once this has finished, an input signal is sent to output ready 2. This output on another network will action the weight store to reset ready for the next box. 

Weight Store Reset 
[image: A screenshot of a computer

Description automatically generated]This network will reset the weight store ready for the next box on the line. The input is the ready 2 signal that was the previous network output. This is followed by an on-delay timer of only 50ms before reaching the output. The ready output is reset for the next box to be weighed. 
Pop Up Wheel Weight Sorters
[image: A screenshot of a computer

Description automatically generated]This network allows the pop-up wheel sorters to respond to the weight of the box on the belt conveyor scale. The logic for this network is dependent on the real value achieved in the weight store. If the weight of the box is greater than 4.6, then the pop-up wheel sorter sends an input signal to the left and right sorter outputs. This input signal is received and the left and right sorters are reset. This means the sorters direction is straight on for the box to reach the correct remover. If the box weighs greater than 3.4 but less than 4.5, then the input signal is received by the left and right sorters, only this time the right sorter is a set output and the left sorter is a reset output. This means the direction the box will travel is right allowing the box to reach the correct remover. The sorters will then wait for the next box before changing again.
Activate Counters 
[image: A picture containing graphical user interface

Description automatically generated][image: A picture containing graphical user interface

Description automatically generated]Each box has a designated counter to keep a record of how many boxes have been processed. For each counter, an off timer of 1 second after the sensor input was added to avoid any double counts. After 1 second, the sensor input is received and counts up by 1. The limit can be altered on each counter and once it has reached the limit, a signal is then generated for the next part of the network. This next section is to indicate the counter has exceeded the limit set. Once the box count exceeds the upper limit set by the engineer on the engineer screen, a signal is sent to the output which is the warning light, indicating an exceeded limit. 



[image: A picture containing graphical user interface

Description automatically generated][image: A picture containing graphical user interface

Description automatically generated]
Lost Box Alarm
For the travel history of each box and to ensure no boxes are lost in the process, each counter network also has an added lost box system. With the use of a count up and down counter and two sensors per line, the first sensor is triggered the same way as the other counters. The box must trigger the second sensor before reaching the remover. If for any reason the box doesn’t trigger the second sensor, then after a short delay the lost box alarm is activated. This will light up the engineer screen, prompting the engineer to inspect and resolve without stopping the process. 



[image: A picture containing graphical user interface

Description automatically generated][image: A picture containing graphical user interface

Description automatically generated]

[image: A picture containing graphical user interface

Description automatically generated][image: A picture containing graphical user interface

Description automatically generated]Set Limit Light Triggers
Each box has this in the network and will only trigger once the box count has reached the set limit. When a limit has been reached, the light on the warning screen is triggered to indicate this. 
[image: A picture containing graphical user interface
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[image: A picture containing graphical user interface

Description automatically generated]
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[image: A picture containing graphical user interface
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Warning and Alarms screen
[image: ] Warning and Alarms screen with no alarms or warnings triggered.








Warning and Alarms screen with all 4 box limit alarms triggered and flashing red.
[image: ]













Warning and Alarms screen with the E-stop and Master error alarms triggered flashing in white. 
[image: ]













Root Screen
[image: ]









Engineer Screen
This screen is where the engineer can input set limits for each box and also reset any prompted errors. Navigation from screen to screen is also simple.
[image: ]
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