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[bookmark: _Toc122130984]Abstract 
	
	The aim of this report is to demonstrate the use of Programmable Logic Controllers (PLCs) in an applied setting, using software to simulate a factory controlling various movements and actions to achieve an end goal. This demonstration includes implementation of various features of PLCs which are used to run a factory line.
	The report includes information about current PLCs available on the market and that are commonly used in various industries, as well as going into detail about the demonstration carried out and how it works, what features it contains and what was involved using the various software available.
	Siemens TIA-V16 software was used to create the ladder logic for the demonstration, which is linked to ‘Factory.IO’ (A 3-D simulator for PLC automation creations) and shows a production line built to create a scenario where 4 different sized boxes are sorted by size and weight, using various components such as pushers, sensors and conveyors.
	
[bookmark: _Toc122130985]Introduction 
	
	This report focuses on Programmable Logic Controllers (PLCs) and their applications.  The report contains information on currently available PLC software packages on the market and that are widely used in various industries across the globe. In a time of current technological capabilities, PLCs have an impressive range of uses and are used in more ways than ever. This varies from basic manufacturing lines; running a handful of conveyors in a basic sequence, to complex factory settings where industrial robots are programmed using PLCs to build various hardware, vehicles, medical equipment and more.  This ability to automate most applications for moving, sorting or building various items has helped the manufacturing industry to reach levels of productivity it never could before, whilst decreasing operational costs and improving things such as build consistency and safety in the workplace.
	The rest of the report then looks at a demonstration of a PLC programme written using Siemens TIA-V16 software. This was used, alongside the Factory.IO simulator programme, to create a scenario where 4 different sized boxes are sorted by size and weight. 
	This demonstration was designed and built to include conveyor belts of different sizes, allowing the boxes travel along, reaching pushers which diverted the boxes to different lines depending on height (Sensors set at different heights linked to pushers via PLC logic).  The tallest and shortest of the boxes (Large/Palletizing boxes, respectively) were diverted down 2 different lines, counted and let down a chute to be collected.
The medium height boxes (Medium/Small boxes, respectively) were sent down a third line and placed onto a weighing scale.  This then divided the boxes into 2 further lines by weight.  This meant that any box that weighed up to and including 4kg would be sent left, and anything above 4kg would be sent to the right.  These were then sent down a chute and collected, as were the Large and Palletizing boxes previously.
	The build also includes various other features. These are as follows: -

· Stack lights (x2) – These Light up Red, Yellow or Green to indicate the state of the line, to show whether it is stopped, running, or at fault status.
· Emergency stops (x2) – These are placed at various places to stop the line should the need arise.
· Safety/interlock doors and barriers – Barriers placed around the perimeter of the line to prevent access. Safety doors included to provide access when needed. These are fitted with interlocks to stop the line if opened.
· Counters – This includes a global counter to record how many boxes in total are being passed down the line, a counter for each box of various size that reaches its collection destination and error counters to record any missing boxes that may have fallen off the line/been caught up in a jam etc. These error counters have a limit, at which they are hit will cause the line to stop until alarms are reset on the HMI screen.
· An electrical panel, fitted to the outside of the enclosure – this includes start/stop buttons and relevant indication LEDs, digital displays of the various counters and their current states, and an emergency stop.
· Digital display fitted to weighing scale conveyor – This gives indication of the exact weight of whichever box is currently on the weigher at that moment in time.


[bookmark: _Toc122130986]Research

	There are 3 main types of PLC; Unitary, Modular and Rack Mounted.  These three types vary slightly, and one type may be more suitable to some applications than the others. Factors such as budget, complexity and requirements will affect which type is needed and this would be decided in the planning process before implementation.
	
[bookmark: _Toc122130987]Available PLCs

	There are many different manufacturers of PLCs, and each type will very, have its own qualities and is generally chosen due to preference/familiarity by the user.
	Some of the most well-known PLC manufacturers are listed below: -

- ABB
- Allen-Bradley
- Siemens
- Honeywell
- Omron
- Gem80
- Schneider Automation [1]
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Some industry examples are shown in the images below.  These PLCs run various filters, pumps and gas distribution barometric/water seals across heavy industry.
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- Gem 80 PLC cabinet example: running water filtration system for effluent water on plant.
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- ‘Kathcal’ HMI for water filtration system shown above.
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- Example of Allen Bradley PLC, automating the running of a Gas Booster Fan for heavy industry.  This also gives control to Control Room operators to set or alter certain parameters to aid with the running of plant.
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- Images showing various local Red Lion HMI screens for control of Gas Booster Fan.

	









The different types of PLCs and their applications, as well as pros and cons of each, are shown below: -

	PLC (CPU)
	Allen Bradley Micro820 PLC CPU
	Siemens LOGO! PLC CPU
	Omron CP2E PLC CPU

	Image
	[image: ]
	[image: ]
	[image: ]

	Price
	£389.81
	£156.00
	£284.40

	Inputs
	12
	8
	12

	Outputs
	8
	4
	8

	Features
	- Micro SD Slot
- Ethernet connectivity
	- Ethernet connectivity
- SD Slot
	-Panel Mount
-Ethernet Connectivity

	Pros
	- Good number of I/O’s
- Ethernet, ModBus and Wi-Fi connectivity
	- Built in RTU Included with CPU
	- Good number of I/O’s

	Cons
	- Cost is higher than other examples
	Lower I/O’s than other examples
	Ethernet connectivity, not Wi-Fi


[2], [3], [4]

[bookmark: _Toc122130989]Unitary PLCs

Unitary PLCs are the most simple and basic type of PLC available for purchase.  These consist of one unit, housing the Power supply, Processor, Software and Input/Output connectors.  Unitary PLCs are generally the lowest costing and are most seen on simple automation systems such as car park barriers and basic, small machines.  This is due to their simple nature, low cost and small I/O count.
Advantages and Disadvantages of Unitary PLCs are shown in the table below: -
	Advantages
	Disadvantages

	- Small and Compact in size
	- Cannot be expanded

	- Everything housed in a single unit
	- Entire unit must be replaces if one feature fails

	- Portable and easily accessible
	- Very simple and basic

	- Cheap
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[bookmark: _Toc122130990]Modular PLCs

	Modular PLCs are commonly used in all types of manufacturing environments and in heavy industry to control various processing lines.  These differ to Unitary PLCs in that they are built from separate elements and can be expanded with more modules to increase capacity with demand from the system being run.  
	Modular PLCs are made up of 4 main parts and these can be built in several different ways: -
- Power Supply Unit
- Central Processing Unit (CPU) in the main module
- Input Module
- Output Module
Advantages and Disadvantages of Modular PLCs are shown in the table below: -
	Advantages
	Disadvantages

	- Can be expanded for future alterations
	- Expensive (compared to Unitary

	- If one feature fails then a single part can be replaced
	

	- Portable and easily accessible
	

	- Very Versatile
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[bookmark: _Toc122130991]Rack mounted PLCs

Rack mounted PLCs are similar to Modular PLC systems in their design and characteristics and are used in much of the same applications.  They differ in that the modules are built on standard cards which slot into a rack alongside one another.  The rack is used to allow each card/module to communicate, and these can be added, removed or interchanged as required.
Advantages and Disadvantages of Rack mounted PLCs are shown in the table below: -

	Advantages
	Disadvantages

	- Easily Modified for future alterations
	- The most expensive type of PLC

	- Contains the most I/O point of any PLC
	

	- If one feature fails then a single part can be replaced
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Equipment used for the factory system build is as follows: -
- Factory IO 3-D Simulator, used to design and build the factory system.
- Siemens TIA-V16 software, used to create the ladder logic to run the PLC.
[bookmark: _Toc122130993]
Design 

[bookmark: _Toc122130994]Factory I/O
	The Factory system was built using Factory IO.  The following operational features are included in the design: -
- 9 Conveyor Belts
- Scale Conveyor
- 9 Diffuse Sensors
- 3 Pushers
- 1 Emitter
- 3 Removers
- 3 Emergency Stops
- 2 Stack Lights
- 2 Warning Lights
- 2 Safety Doors
- Siren
- Control Panel (with 2 functional buttons)
	The system was originally built quite spaced out with larger conveyors, however, once all components were added and a functioning line was created, the system could be tweaked for several reasons.  The conveyors were replaced with shorter equivalents and the pushers brought closer together.  This allowed for less materials to be purchased and less floor space to be taken up, meaning a lower cost overall by keeping the layout compact.  The scale was also placed in the middle of the layout, with the 2 shorter ‘legs’ (for both Large and Palletizing boxes) running either side of it, again, to lessen the space being used in the building.  Interlocked gates and fencing were added to safeguard when the factory is in operation, and the control panel is placed outside of the enclosure to allow for operation without encroaching in the area.

The below images go into detail on the build itself on Factory IO and what is included in the layout of the factory.
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- Image to show overview look at Factory design, including a view of all 3 pushers, 9 conveyors, 9 diffuse sensors, conveyor scale, control panel with functional buttons, siren, 2 stack lights, 2 warning lights, 1 emitter, 3 removers and 3 emergency stops.  Safety doors can also be seen which include interlocks in the ladder logic to stop the system if they are opened.
[image: A screenshot of a video game
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- Image to show plan view of factory system, for better view of system layout, sensor & scale placements etc.
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- Image showing Factory layout with functional parts labelled.
[image: Graphical user interface
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- Image to show Electrical Control Panel for factory system.  This includes Start and Stop buttons, System status lights, an Emergency Stop, and Stack Lights and Siren fitted above.

[image: Graphical user interface
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- Scale conveyor in factory layout, with digital display for weight on belt attached to side of scales.

[image: A screenshot of a video game
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- Safety door 2, situated around perimeter of factory layout enclosure, including functional Stack lights & Warning lights adjacent.
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- Images to show extra emergency stops fitted outside of the enclosure. The first emergency stop is positioned on a column for Pusher 2, situated central to the 3 pushers and easily accessible from outside the enclosure.  The second emergency stop is positioned on the opposite side of the enclosure, again positioned on a column outside of the enclosure, looking over the system. The other two sides are covered by safety doors with interlocks included.
[image: ]
- Image to show PLC Driver diagram on Factory IO. Showing all Inputs and Outputs connected to the PLC, which will be used to communicate between the Factory IO components and the Siemens TIA-V16 ladder logic written.
[bookmark: _Toc122130995]Siemens TIA-V16

	Siemens TIA-V16 software was used to create the ladder logic for the PLC, which was connected to factory IO to run the system.  A HMI screen was also designed and implemented to run the system using this software and includes several features for the operator of the factory system.
	The following section gives information on the Siemens ladder logic build and configuration, including information on the PLC tags used and implemented into the logic for the system.
[bookmark: _Toc122130996]PLC Tags

	PLC Tags are included below.  These are created on Siemens TIA-V16 to give an assign a name to a particular command in the PLC memory.  This can then be used to connect to the Input/Output on the PLC.  Tags can be created using various data types depending on requirements, such as a bool, byte, word, real, integer etc. which are determined by the number of bits they require.
	The images below show the PLC Tags used in the programme created on the Siemens PLC software.
[image: ]
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- Images to show PLC Tags included in the programme. These include inputs (All ‘Bool’ types, with the exception of the Scale which is a ‘Real’ type), outputs (again, all ‘Bool’ types, with the exception of the digital display for the Scale, which is a ‘Real’ type), and memories, which are a combination of ‘UInt’, ‘Bool’, ‘Byte’, ‘Real’ and ‘DWord’ types.






HMI Tags

Below is the PDF Capture of the HMI Tags included in the Siemens logic.  HMI tags were used alongside PLC Tags and the main block (OB1) of the PLC logic to ensure the HMI communicates with the logic and that they do what is required for the system.  The HMI tags can be added, removed or altered as required in the ‘HMI Tags’ tab when building the HMI screens.
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[bookmark: _Toc122130997]Operational Flowchart

[image: ]
	The above flowchart gives a sequence of events whilst the factory system is in operation.  This includes what variables must be met before the operation can be started, and what will or can occur during the operational process.  The flowchart follows the process of the ladder logic and includes any factors that must be met before the process can advance to the next step.  These are generally dependent on whether sensors detect certain boxes or whether the scales read a certain weight.  Warnings are then issued if these counters reach a certain threshold.  If ‘Alarm & Stop’ is reached, then the process must begin once again.
[bookmark: _Toc122130998]Ladder Logic Networks
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- Network 1 – Main Block for PLC Ladder Logic on Siemens TIA-V16.
[image: ]
- Network 2 – Showing Start/Stop operations, Emergency Stops and Safety Door interlocks.  Normally open/closed contacts ensure normal operation is interrupted when required by the safety features included above.  Alarms are set and will be triggered if emergency stops, or safety doors are activated.
[image: A screenshot of a computer
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- Network 3 – General reset and Scale Conveyor overweight/reset.  Overweight conveyor will stop the system and raise an alarm on the HMI.  Scales are set to 7.0kg on the comparator function rung, therefore any reading on the scales above this weight will trigger the alarm.
[image: A screenshot of a computer
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- Network 4 – Sequential start logic for conveyor belts in the process.  The Siren is sounded upon pressing the start button, for a period of 2 seconds.  Conveyors and Pop-Up sorter are then started after the 2 second siren has sounded, in running order, from the emitter (Start of the line) onwards to the end.
This is done to limit the current draw on start up.  The sequential start ensures load is split and timers are inserted to space out the starting of each conveyor (these are adjustable if ever required).  Timers for each conveyor starting are set to 0.5 and 1 second intervals.

[image: A screenshot of a computer

Description automatically generated]
- Network 5 – Red/Green Control panel lights included to show system status.
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- Network 6 – Stack lights to show system status.  These are placed in parallel, with a branch for the second light placed directly under the first, so that both Stack Lights (Positioned at different sides of the factory) will run simultaneously.  Siren, warning lights and Warning/Alarm flags are also included in this rung of the logic.

[image: A screenshot of a computer
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- Networks 7, 8 and 9 – Showing Pusher timers, set by diffuse sensor relating to each relevant pusher.  Timings are set to determine how long each pusher will activate after the sensor is made, to determine the length of time the actuator on the pusher is activated and when it returns to its original position.  This is achieved by the ‘TOF’, ‘TON’ and ‘TP’ functions included in each rung.
[image: Graphical user interface, application
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Networks 10, 11, 12, and 13 – these networks include ‘Up’ counters to count each time the Pusher is activated and therefore when a box of that size has passed through the system.  Network 10 (Global Count) gives the count for the total boxes passed through the system, regardless of size and weight.
[image: A screenshot of a computer
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- Networks 14 and 15 – Using ‘Set’ and ‘Reset’ functions, alongside ‘TON’ timer and ‘MOVE’ functions, to operate a scale conveyor measuring the weight of a box.  A digital display is also featured on the side of the Scale Conveyor which displays the weight of the box currently on the scale.
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- Network 16 – ‘Pop-Up Sorter’ included to direct small and medium boxes in two different directions, left or right, depending on their weight.  ‘Set’ and ‘Reset’ functions included at the output of the rung to reset the sorter to its original position after each pass of a box.
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- Network 17 – Error count alarm and warnings for missing boxes on the line.  These counters will increase when a box does not reach the end of the line and will in turn cause a warning once the set threshold has been met, and later an alarm (and for the system to stop), should the count continue to the next threshold set by the HMI, which will need to be reset using the Engineer’s screen, to restart the line.  This is carried out for each size box.

[image: A computer screen capture
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- Up/Down counters for each box type, using diffuse sensors and includes ‘General Reset’ which is featured on the HMI Root Screen.  ‘CTUD’ function will count ‘Up’ when the relevant pusher is activated and will count ‘Down’ once the sensor has seen the box pass near to the remover.  If the box does not pass by the sensor, then the error count will remain at its level that the pusher has set it.  The ‘PV’ parameter is set to 10,000, which will allow the counter to reach 10,000 before hitting its maximum.  This can also be altered if needed.
[image: Graphical user interface, application
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- Warning/Alarm flags and ‘Master Alarm’.  If the Master Alarm is triggered, then this will need to be reset in the Engineer’s screen before the system can be restarted.

[bookmark: _Toc122130999]HMI Screen

The HMI Screen is included and operational alongside the basic Control Panel in Factory I/O, designed using Siemens TIA-V16.  The display contains 3 screens with different information and functions, and these screens control all required parts of the factory system.
[bookmark: _Toc122131000]Root Screen

The ‘Root Screen’ is the home screen of the HMI and contains several functions.  Information such as System Status, which acts as a replication of the stack lights on the factory floor (Running, Starting, Stopped), counters and error counters for each type of box being processed and their reset buttons, and indication of warnings or alarms that may be present.  An emergency stop is also present on the Root Screen.
The screen has been designed for straightforward use with the most significant information included for the operator running the system. 
[image: ]
- The HMI Root Screen, including various operational buttons and indicators for the running of the factory system.

[image: ]
- The Root Screen whilst the system is in the ‘running’ state.  This is shown by the green light illuminated in the ‘System Status’ stack lights.  The counters are also shown in the boxes on the left-hand side of the HMI.
[image: A screenshot of a video game
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- The Root Screen, when the system status is ‘System Stopped’, with the red stack light illuminated.  Master alarm has also been triggered in this image.  This will be due to a safety door being opened or an emergency stop being pressed, as no Warning has been triggered first.
[image: ]
- Root Screen, showing ‘Warning’ fault indicator illuminated due to the ‘Small/Medium Box Error’ reaching its warning threshold of 5.
[image: A screenshot of a video game
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- The Root Screen, showing both ‘Warning’ and ‘Master Alarm’ lights illuminated to show of a fault in the system (Small/Medium Box Error reaching a threshold of 7 in this example).  Red stack light has also been illuminated to show that the system has stopped.

[bookmark: _Toc122131001]Alarm Screen

The second screen on the HMI is the ‘Alarm Screen’.  This shows the various warnings and alarms that may present themselves if any issues arise or certain factors are met within the system.  A ‘Warning’ will illuminate a warning light indicator, however, will continue to run the system.  An ‘Alarm’ will illuminate an alarm light indicator but will also stop the system from running until these are acknowledged and reset.  Only once the alarm issue and the ‘Master Alarm’ is reset (Found on the ‘Engineer’ screen), will the system be able to be run once again.
[image: ]
- The ‘Alarm Screen’, containing each programmed warning and alarm, such as E-Stops, overweight and count error alarms.  The ‘Master Alarm’ is also found on this screen.
[image: A screenshot of a computer
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- The Alarm Screen, showing a ‘Small/Medium Box Count Error’ illuminated, due to the threshold being hit for the warning to show.  The system will still run at this point.
If the error count continues to raise, then once it reaches the ‘Alarm’ threshold, the relevant alarm will be raised.  Once this occurs, the system will stop and will not restart until the alarm has been acknowledged, reset, and the ‘Master alarm’ also reset on the engineer’s screen of the HMI.
[bookmark: _Toc122131002]Engineer Screen

The ‘Engineer Screen’ is the third and final screen shown on the HMI.  This screen gives the user the option to set parameters as required.  These parameters include the different thresholds for error counters to trigger warnings and alarms on the system.  It also contains a ‘Master Reset’, which must be reset before the system can be restarted, and several ‘simulation buttons’ which will simulate and trigger warnings and alarms on the system, for maintenance/commissioning purposes.
[image: A screenshot of a computer
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- The ‘Engineer Screen’, showing the warning/alarm threshold parameters to be set, as well as red lights to illuminate in the event of a fault, and 3 buttons at the bottom of the screen to simulate various faults on the system.

[image: A screenshot of a video game
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- The ‘Engineer Screen’, showing the Alarm has been raised due to the ‘Small/Medium Box Error’ being reached.  This will prevent the system from being restarted until alarms are cleared and the ‘Master Reset’ button is pressed, to turn the alarm screen back into that of the first image.

[bookmark: _Toc122131003]Conclusion

	To conclude, overall, the factory system worked well and as it should.  The ladder logic worked alongside the system to sort the boxes as required and prevent any major issues from occurring (by stopping once a set number of boxes had not been accounted for in the layout).  The HMI allows for convenient information to be read with ease and allows basic functions by the system operator.
	The system was kept as compact and ‘small’ as possible, using the shortest possible conveyors, to keep cost down and take up as little space as possible.

[bookmark: _Toc122131004]Improvements

	Improvements could be made to further aid with the system.  Further detail could be added if necessary, such as adding the box weight display (found on the side of the scale conveyor) to the HMI, or adding this, plus the count/error displays to the control panel local to the factory system.
The weight display on the scale conveyor is not visible from outside of the gates, and therefore it would be beneficial to include this somewhere else that will give the operator an easier view.
The HMI could also be improved by making the Engineer Screen password protected.  This would ensure that only authorised persons could set parameters for the error threshold within the system and would add security to the everyday running of the plant.		
The Sequential Start of the system could be improved by beginning the sequence at the end of the lines (at the removers) and working its way back to the beginning (at the emitters).  This would work better as if the system was being restarted after an alarm, and there are boxes present on the belts, then they will have time to reach the end and be removed (and counters dropped), before new boxes are added, which may cause a blockage or trigger another warning/alarm.
Compared to the researched PLCs, The Siemens TIA-V16 seems to be very versatile software and does not have the limitations of some of the other examples shown, i.e. Unitary PLCs would not have the capability to run such complex logic and would be limited if expansion was an option for the future.
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