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[bookmark: _Toc122113331]Introduction
A Factory system needs to be designed using Factory i/o and must be controlled by a Siemens S7 PLC. It must be capable of sorting between four different packages of differing weights and sizes. A HMI screen will be designed and set-up to allow the factory operator to start/stop and monitor the system. The conveyors need to start up in a sequence, to minimise the currents when starting up. The factory and HMI must include at least:
· 4 Conveyors,
· 2 Pushers,
· 1 Scale conveyor,
· 2 Diffuse sensors,
· 1 Emergency stop,
· 2 Buttons,
·  1 Siren,
· 1 Warning light,
· 2 Stack lights,
· Start/stop buttons on HMI,
· E.Stop on HMI,
· Counters for each sized box available on the HMI,
· A reset button on HMI for counters,
· Stack light type indication on HMI,
· An alarm and warning page for individual any faults,
· An error count for each of the boxes, with a HMI input feature for set-points
[bookmark: _Toc122113332]PLCs Used in Industry
[bookmark: _Toc122113333]Types of PLC
[bookmark: _Toc122113334]Unitary
[image: A picture containing text

Description automatically generated][image: A picture containing electronics

Description automatically generated]A Unitary PLC is a small basic type of controller, with all the required components built into one unit. These components will be the processor (CPU) which will run the software program and input/output terminals. The input/outputs are usually not expandable. A Unitary PLC will be mounted quite often locally to the piece of kit to be controlled. A typical application within my place of work can be found at Cold Mill substation. We identified faulty comms cables which carried hard wired Bucholtz alarms for our transformers, back to the main control room. An Allen Bradley MicroLogix plc was installed, and alarms wired into it. Alarms were set up on the SCADA system iFix and are monitored by control engineers. [1]
	Advantages
	Disadvantages

	Inexpensive
	Non-expandable

	Physically small
	Limited i/o

	Due to small nature, wiring is easier
	No interchangeability – whole unit will need replacing if a problem occurs with it.

	Can be installed locally to equipment
	Limited program & memory

	
	



[bookmark: _Toc122113335]Modular
[image: A picture containing text

Description automatically generated][image: Graphical user interface

Description automatically generated]A modular PLC is built from using various modules, that slot together to build a flexible, expandable unit tailored to the system requirements. The modular PLC pictured is made up from a CPU with an inbuilt power supply, integrated i/o, ethernet ports and counters. The CPU can be equipped with additional analogue and digital i/o modules and communication interfaces e.g., RS485 or RS232. Memory expansion is available if required via removable memory card. 
A typical application for this type of PLC within the Energy department at Tata, Port Talbot is on a small process line. The picture is showing the PLC used to control the Actiflo clarifier within a water demineralisation plant. It controls/monitors dosing (coagulant & polymer), mixers, inlet valve, pH, tank level, turbidities, and recirculation pump. [2]

	Advantages
	Disadvantages

	Modules can be added
	Generally, have low IP rating

	Larger memory then Unitary PLC
	More expensive than unitary

	Individual module can be replaced if faulty
	Expandable, but still limited

	Cheaper than rack mounted
	



[bookmark: _Toc122113336]Rack Mounted
[image: A picture containing text, indoor

Description automatically generated][image: A picture containing text, white, different

Description automatically generated]A rack mounted PLC is also built up from various modules, but these are slotted onto a backplane, rather than into each other. The rack can be made up from the power supply, CPU, ethernet and controlnet interfaces, digital and analogue inputs/outputs, RTD inputs. The PLC can also be expanded onto extra racks via a network making this ideal for larger applications with numerous i/o. The water demineralisation plant within Energy Department contains various stages of water filtering including clarifier, media filters, reverse osmosis and Demin units. Each piece of plant has its own controller with an Allen Bradley rack mounted Logix5561 PLC overseeing all these units, along with the rest of the process including PID’s, HMI’s, operator set-points, tank levels, pH’s, dosing pumps etc. [3]

	Advantages
	Disadvantages

	Large number of I/o, which can be expanded if required
	Initial costs are expensive

	Fast operation (scan speeds)
	

	Individual module can be replaced if faulty
	

	Use for large applications
	











[bookmark: _Toc122113337]Additional Examples of PLC Devices in Steel Industry
[bookmark: _Toc122113338]Allen Bradley
The Reheat Furnace (RHF) Booster Fan is required to boost coke oven gas pressure on the works COG distribution system, upstream of and before the Reheat furnaces in the Hot Mill and service boilers. The booster design is to provide a minimum pressure of 150mbar on the Hot Mill roof to allow maximum utilisation of the indigenous coke oven gas on the Reheat furnaces. The total flow capability of all burners on both furnaces (A & B) is 50km3/hr. The fan is intended to meet peak demand conditions on the RHF that only occurs for a limited period during each day. The maximum COG production from the coke ovens is 40km3/hr, there is also the coke oven gasholder which acts as a buffer. 
An Allen Bradley ControlLogix PLC controls the system. It requires 2 racks. It contains the following modules: 
· Power Supplies,
· 5561 processor, 
· ControlNet module, 
· EtherNet/IP module,
·  Analog inputs & outputs,
· RTD inputs,
· Digital inputs & outputs. 
[image: A close-up of a computer

Description automatically generated with low confidence]












[image: Diagram

Description automatically generated]The system operation is based on an outlet pressure set point provided by the Energy controller via ifix. It can also be operated from a local HMI screen. The set point on the screenshot below is sat at 183mbar. The outlet pressure PV is monitored by a pressure transmitter which sends a 4-20mA loop back to the PLC. This 4-20mA is converted into a speed reference in Hz in the VSD. The frequency continuously updates in order to maintain the outlet pressure of 183mbar.
[image: Graphical user interface, table

Description automatically generated]The image below is from the local HMI screen. It shows the system start up status and was taken during an outage. All elements within the page must be green before the booster fan will run.

	









[bookmark: _Toc122113339]GE Fanuc (Alspa)
The Blast Furnace Gas is a by-product from the Blast Furnaces. Rather than wasting this gas (flaring), a distribution system has been designed so that it can be consumed and burnt in other areas on plant. The consumers on site include the coke ovens, 4 & 5 stoves at the blast furnaces, GCI dryers, superheater, and No’s 3, 5, 6, 7 & Mitchell boilers at the power plant (enabling electrical generation on site). When the BFG cannot be burnt by consumers or stored in the gasholder it needs it needs to go somewhere, so it is burnt at No 1 & 2 Flares.
On occasions gas isolations are required, either to allow for work on equipment or pipework. This is achieved by using water seals. There are 23 of these water seals on the BFG system an 11 of these can be made/broken remotely. ‘U’ bends have been strategically located within the system that fill up with water to provide an isolation.
 A GE Fanuc (Alspa) PLC and Red Lion HMI is located at each of these. The Alspa Rack contains the following modules:
· 
· Power supply,
· CPU 350 processor,
· Digital input,
· Digital output,
· Analogue input,
· CMM321 Ethernet interface.
[image: A picture containing text

Description automatically generated]The PLC receives digital inputs including opened/closed valve position and high level & drain water sensors. The analogue inputs include the valve positions in %, BFG line pressure and water flow rates. The digital outputs provided by the PLC include inlet & drain open/close commands. Bypass valve open/close commands.
[image: Graphical user interface

Description automatically generated with medium confidence]The following image was taken from the ifix page used to monitor and control the water seals . When required, the Energy Control engineer has the option to ‘Make or Break’ the seal using the Auto function, or by manually going through the process
When the seal needs to be ‘Made’
· Drain vale closes,
· Inlet water valve opens, allowing water to flow,
· When water reaches high level sensor, inlet water valve closes,
· Bypass water valve opens, topping up seal. Any excess water flows through overflow
Drain valve is opened to ‘Break’ the seal.
[image: A picture containing text, monitor, electronics, machine

Description automatically generated]The local HMI can be used to conduct operations on the Water seal.









[bookmark: _Toc122113340]Eurotherm
[image: A picture containing sky, outdoor, building

Description automatically generated]No2 Blast Furnace gas flare is used for controlling the pressure in the BF gas distribution system and for flaring when the Blast Furnaces produce excessive gas, which cannot be burnt by consumers or stored in the gasholder.  
The flare operates in two ways, pressure control and flow control. The control engineer decides how to run the system depending on plant conditions. 
[image: A picture containing text

Description automatically generated]When the flare is in pressure control the PV is the system pressure and this is monitored by a 4-20mA loop siemens pressure transmitter, located at the point where the pipework to the flare spurs off. When the BFG pressure rises above the set point, the PID loop will drive the control valve open to relieve the pressure in the system. The PID loop is in a Eurotherm T103 controller. This action will burn the BFG to reduce the system pressure in the main. Once the system pressure is equal to or less than the set point, the Flare PID loop will close the control valve. This will continuously happen depending on the BFG pressure. The flow PID output tracks the pressure PID output to enable seamless transition between the modes.
[image: A picture containing text, circuit, electronics

Description automatically generated]When the flare is in flow control, the PID loop refers to Low flow and High flow transmitters. The two transmitters are fitted to enable the system to deal with turndown errors experienced with orifice plates and are in the pipework before the control valve. The control system switches the Low flow transmitter into the loop for flows under 10km3/hr, and refers to the High flow transmitter for flows above 10km3/hr. The pressure PID output tracks the flow PID to enable a seamless transition between the two. In flow control mode the control engineer will input a set point into ifix, this will be decided depending on plant conditions. The control valve will then open to allow the desired flow of BFG to be flared. 
There is a remote override in the two above control systems. In the event of a high Blast Furnace gasholder level, and this flare is selected as duty, the flow control mode and set point will be overridden and a fixed flow of 140km3/hr is automatically entered. This will reduce the gasholder stock level accordingly by burning a large volume of BF gas. This action will also override pressure control until the stock level drops, and only then will it return to its previous control mode and set point. 
[image: Timeline

Description automatically generated]There are two Eurotherm controllers located at No2 Flare. The ‘newer’ of the two, the 2550 being installed around 7/8 years ago when the then new Z&J hydraulic control valve replaced the electrically operated control valve. 









[bookmark: _Toc122113341][image: A picture containing outdoor, factory, wooden

Description automatically generated]GEM 80
The Main Pumphouse within the Energy department is tasked with delivering water to the Hot Mill, for the descaling of the slabs leaving the reheat furnaces and for cooling purposes throughout the mill. It also receives dirty water from the Hot Mill, which it then filters using canals, scrapers, clarifiers, primary and secondary filters. 
[image: A picture containing electronics

Description automatically generated]There are 17 Primary filters which contain media filter that helps to clean the water. The filters are in constant use, unless isolated for maintenance reasons or if they are having a washdown. A washdown sequence is an automatic process which involves closing main inlet & outlet valves, opening backwash inlet & outlet valve, and opening air inlet & outlet valves. 
[image: A picture containing text

Description automatically generated]A local GEM 80 controls the system, but an operator can manually intervene using the IMAGEM screen if required. The valves located on the filters are pneumatically actuated. which are driven from 110v solenoid valves. When the solenoid valves are energised, compressed air is allowed to flow allowing the valve to open/close. When one washdown finishes it moves onto the next filter in line.
The GEM 80 installation includes:
· Power supply,
· GEM 80-400 8239 processor,
· IMAGEM link,
· GEMLAN-T network card,
· SNI card,
· Analogue i/o,
· Digital i/o

The image below was taken form the Main Pumphouse page on ifix. It can be used to monitor the Primary Filters. 
[image: Graphical user interface

Description automatically generated]
[image: A picture containing calendar

Description automatically generated]The IMAGEM screen and keypad are used to monitor and control the primary and secondary filters and backwash tanks.










[bookmark: _Toc122113342]Factory I/O
“Factory I/O is a 3D factory simulation for learning automation technologies. Designed to be easy to use, it allows to quickly build a virtual factory using a selection of common industrial parts. Factory I/O also includes many scenes inspired by typical industrial applications, ranging from beginner to advanced difficulty levels.” [4]
[image: A picture containing indoor, floor, metal, rail

Description automatically generated]The images below give an overview of the completed factory. 
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[bookmark: _Toc122113343]Inputs
The factory is designed using various sensors and actuators. The sensors are the inputs, which are illustrated below. 
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Description automatically generated with low confidence]
	[image: A picture containing blue, outdoor

Description automatically generated]
	The scale conveyor is used for weighing the medium and small boxes. This weight is used in the plc program to sort out the boxes.

	
	[image: A picture containing graphical user interface

Description automatically generated]
	An emergency stop is installed on the local control panel. It sets off an alarm tag when depressed and requires a master reset from the Engineers page on HMI.

	
	[image: A picture containing text, yellow, orange, gate

Description automatically generated]
	3 x safety gates are fitted in the factory. When a gate is opened an alarm tag will be created causing the system to stop. A master reset is required.

	[image: A picture containing text, red

Description automatically generated]
	9 x Diffuse sensors are used throughout the factory. These will operate the pushers, counters, indication/warning lights & scale conveyor.

	[image: A close-up of a traffic light

Description automatically generated with low confidence]
	The start/stop pushbuttons are mounted on the local control panel.





[bookmark: _Toc122113344]Outputs
	
	[image: A screenshot of a computer

Description automatically generated with low confidence]
	There are 10 conveyors in the factory, consisting of 2m, 4m, 6m, curved and scale conveyors. They all start in sequence.

	
	[image: A picture containing electronics

Description automatically generated]
	A pop-up wheel sorter changes direction depending on if a medium or small box is leaving the scale conveyor.

	
	[image: A picture containing text, clock, mounted, device

Description automatically generated]
	The box weight is shown on the digital display

	
	
	2 x Stack lights indicate the status of the factory, and warning light illuminates when running. There are also green & Red indication lamps on local control panel.

	[image: A picture containing text, indoor

Description automatically generated]
	The 3 pushers operate when their designated box is in front of them. Pusher 1- Large, Pusher 2 – Medium/Small, Pusher 3 – Palletised.


Some of the outputs within the factory are shown below.



[bookmark: _Toc122113345]Plant Equipment
Large Box Pusher 1
Medium/small Box Pusher 2
Palletising Box Pusher 3
Conveyor Belts
Guides
Package Removers
Diffuse Sensors
Large Box
Palletised Box
Small Box





















Start P/B
Stop P/B
E.Stop
Siren
Running Indication
Stopped Indication









Package Removers
Pop up Wheel Sorter
Medium Box Conveyor
Small Box Conveyor














Digital Display
Scale Conveyor
Diffuse Sensor




[bookmark: _Toc122113346]Factory I/O Addresses
[image: Text

Description automatically generated with medium confidence]All sensors and actuators are given addresses in Factory i/o.
[bookmark: _Toc122113347]Flow Chart
The following is an operational flow chart for the Factory.
[image: Diagram
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[bookmark: _Toc122113348]Sequence of Events
	1. Press Start Pushbutton OR Start on HMI

	2. Conveyors Start in Sequence (Either 1s or 500ms delay between each)

	3. Load Boxes onto Conveyor

	4. Boxes carried on conveyor

	

	· Diffuse Sensor 1 Operate
	· Diffuse Sensor 2 Operate
	· Diffuse Sensor 3 Operate

	· Pusher 1 Extend
	· Pusher 2 Extend
	· Pusher 3 Extend

	· Pusher 1 Retract
	· Pusher 2 Retract
	· Pusher 3 Retract

	· Diffuse Sensor *** Operate
	· Diffuse Sensor *** Operate
	· Diffuse Sensor *** Operate

	· Large Box Counter/Errors Update
	· Medium/Small Box Errors Update
	· Palletised Box Counter/Errors Update

	· Large Box Removed
	· Box Weighed
	· Palletised Box Removed

	
	· Box Weight dictates the movement of Pop-up sorter
	

	
	· Pop-up sorter Right – Medium Box
Pop-up sorter Left – Small Box
	

	
	· Diffuse Sensor ** Operate, Medium Box Count Update.
or
Diffuse Sensor ** Operate, Small Box Count Update.
	

	
	· Medum Box Removed.
or
Small Box Removed.
	





[bookmark: _Toc122113349]PLC Program
A Siemens S7 plc is being used to control the factory. The project was created in TIA Portal using ladder logic, tag names, basic instructions, HMI screens and HMI tags.
[bookmark: _Toc122113350]PLC Tags

























[bookmark: _Toc122113351]Ladder Program
[image: Graphical user interface, application
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To enable communications between Siemens PLC and Factory io.

[image: Diagram
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This network is where the system is started and stopped. It consists of ‘Normally Open Contacts’, ‘Normally Closed Contacts’ and ‘Assignments’. 
When the Start button is pressed (HMI or P/B), the Operate Assignment is energised, as long as the stop button is not pressed and there is no Alarm Flag. The Alarm Flag in this network is derived from the Panel Emergency Stop and the three Safety Doors: Alarm 4 or Alarm 5.

[image: Diagram
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This Network generates an Alarm 6 Assignment (Scale Conveyor – Excess Weight on Alarm page of HMI)  when the scale conveyor weight is above or equal to 7Kg. The Medium-box weighs 5Kg and the Small-box weighs 4Kg. Any Alarm activated within the program initiates an Alarm Flag, which will stop the system as seen in Network 2. 






























































This Network is where all the conveyors in the factory get started and where the system start-up siren is initiated. When the Operate Assignment in Network 2 is energised, a NO contact off that is also energised. 
Timer TP is energised, generating a pulse, allowing the siren to sound for 2s. 
The 11 conveyors are started in sequence. This is achieved by generating delays using TON timers. A ‘PresetTime’ is added to each TON, with ‘Conveyor Belt A’ TON having a PresetTime of 2s and Conveyor Belt I, 8.5s






[image: Graphical user interface, application

Description automatically generated]The Red and Green indication lamps on the local control panel are activated and deactivated by the NO and NC contacts off the ‘Operate Assignment’. When the system is not running, the ‘Red Light Assignment’ is energised Q16.1. When the system is running, the ‘Green Light Assignment’ is energised Q16.0.
[image: Graphical user interface

Description automatically generated with medium confidence]
When ‘Diffuse Sensor 0’ is activated in the Factory, three different timers in Network 6 come into play, providing ‘Pusher 2’ with the push out and retract action. A TOF generates an off delay of 750ms, a TON generates an on delay of 650ms, and a TP generates a pulse for 500ms. This line is used when palletised boxes break the diffuse sensor.
[image: A picture containing chart

Description automatically generated]
When ‘Diffuse Sensor 1’ is activated in the Factory, three different timers in Network 7 come into play, providing ‘Pusher 1’ with the push out and retract action. A TOF generates an off delay of 800ms, a TON generates an on delay of 790ms, and a TP generates a pulse for 500ms. This line is used when large boxes break the diffuse sensor.
[image: Diagram

Description automatically generated][image: Graphical user interface

Description automatically generated]When ‘Diffuse Sensor 2’ is activated in the Factory, three different timers in Network 7 come into play, providing ‘Pusher 3’ with the push out and retract action. A TOF generates an off delay of 850ms, a TON generates an on delay of 750ms, and a TP generates a pulse for 500ms. This Network is used when medium and small boxes break diffuse sensor 2.
This Network provides a count facility for the Large, Medium, Small and Palletised Boxes in the Factory. A Reset function is used to reset all counters. 
When Pusher 1 Operand is energised (signal state ‘1’) , its associated NO contact is activated, providing a value of ‘1’ to the CU input of the counter. The Count-Up counter (CTU) increments the output value (CV) ‘Count 1’, (MW150 Memory Word Register).  PLC Tag ‘Count 1’ is used in the HMI to display the numerical count of the large boxes.   
When Pusher 2 Operand is energised (signal state ‘1’) , its associated NO contact is activated, providing a value of ‘1’ to the CU input of the counter. The Count-Up counter (CTU) increments the output value (CV) ‘Count 2’, (MW152 Memory Word Register).  PLC Tag ‘Count 2’ is used in the HMI to display the numerical count of the Palletised boxes.   
To count the number of medium and small boxes, diffuse sensors 6 and 7 have been located before the two curved conveyor belts. Every time a box passes one of these sensors, its respective NO contact will become activated, providing a value of ‘1’ to its counter. When diffuse sensor 1 is passed, the output ‘Count 3’ (MW160) increases. When diffuse sensor 7 is passed, the output ‘Count 4’ (MW162) increases. The counter values for the medium and small boxes are displayed on the HMI.
A Reset button is set up on the HMI to allow the counters to be reset. When pressed on the HMI, the signal state at input ‘R’ of the CTU becomes ‘1’ resetting the count and inhibiting any further increments until it changes to ‘0’.
[image: A picture containing graphical user interface

Description automatically generated]
This Network is where the ‘Warning Flag’, ‘Master Alarm’ and ‘Alarm Flag’ Assignments originate. 
The Warnings are set up in the byte MB200, and this consists of 8 bits which are the 8 warnings. Whenever one of the warnings are initiated, the ‘Warning Flag’ M100.4 is activated. The Alarms are set up in the byte MB201, and this consists of 8 bits which are made up of 8 Alarms. Whenever one of the alarms are initiated, the ‘Alarm Flag’ is activated

[image: Timeline
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‘Diffuse Sensor 3’ is located on the ‘Scale Conveyor’ within the Factory. When this sensor is activated, it Resets the Scale Conveyor Output Q18.0 to ‘0’, stopping the conveyor form running. The TON in this Network will allow the conveyor to stay stopped for 1.2s. After this period the output to the Scale conveyor is once again ‘Set’ via the 1.2s pulse timer. This pulse gives enough time for the box to leave the scale conveyor and ‘unbreak’ the sensor. 

[image: Graphical user interface

Description automatically generated with medium confidence]





Assignment M101.0 was energised in Network 11. The NO contact of that Operand makes in this network. The Scale Conveyor Weight ID30, enters the Move Function and comes out at the internal 2 word register MD300. From here it enters another Move Function block and outputs the block on QD30 (Display) which is the ‘Digital Display’ in the factory.


[image: Diagram

Description automatically generated]A ‘Less than or Equal to’ and a ‘Greater than or Equal to’ comparators are used to distinguish between medium and small boxes. If the weight of the box is less than 4.25Kg, ‘Pop up sorter left’ is ‘Set’ and ‘Pop up sorter right’ is ‘Reset’. If the weight of the box is greater than 4.75Kg, ‘Pop up sorter right’ is ‘Set’ and ‘Pop up sorter left’ is ‘Reset’.
[image: Timeline
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Network 14 is designed to create an error count for the large boxes. It is possible for boxes to fall off the line or become stuck in the system. The error count has been used to create a warning and alarm.  A ‘Count up and down’ instruction is used to count up (pusher 1) the boxes entering the large box line, and then count down (sensor 4) the boxes leaving the large box line. The large box error count is displayed on the HMI home screen.
[image: A picture containing text

Description automatically generated]The desired Warning and Alarm values are inputted using the HMI touchscreen. If the error count is greater than or equal to the value inputted in MW50, a large box warning will be activated. If the error count is greater than or equal to the value inputted in MW52, a large box alarm will be activated, stopping the system.
[image: Timeline
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Network 16 is designed to create an error count for the palletised boxes. It is possible for boxes to fall off the line or become stuck in the system. The error count has been used to create a warning and alarm.  A ‘Count up and down’ instruction is used to count up (pusher 2) the boxes entering the large box line, and then count down (sensor 5) the boxes leaving the large box line. The palletised box error count is displayed on the HMI home screen.
[image: Graphical user interface, text
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The desired Warning and Alarm values are inputted using the HMI touchscreen. If the error count is greater than or equal to the value inputted in MW54, a palletised box warning will be activated. If the error count is greater than or equal to the value inputted in MW56, a palletised box alarm will be activated, stopping the system.





































The Stack Lights and Warning Lights are controlled using Network 18. The ‘Red Stack Light’ is operated by a NC contact off Conveyor Belt A. If the conveyor is not running, the red light will be illuminated. The ‘Yellow Stack Light’ will be on either when the siren is sounding during start up, or when there is a warning or alarm present in the system. The ‘Green Stack Light’ will energise when the NO contact off conveyor belt A is energised. The ‘Warning Lights’ energise when the ‘Operate’ Assignment has been activated.
[image: Timeline
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Network 19 is designed to create an error count for the medium and small boxes. It is possible for boxes to fall off the line or become stuck in the system. The error count has been used to create a warning and alarm.  A ‘Count up and down’ instruction is used to count up (pusher 3) the boxes entering the large box line, and then count down (sensors 6 or 7) the boxes leaving the medium/small box line. The medium/small box error count is displayed on the HMI home screen.
[image: A picture containing diagram
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The desired Warning and Alarm values are inputted using the HMI touchscreen. If the error count is greater than or equal to the value inputted in MW58, a medium/small box warning will be activated. If the error count is greater than or equal to the value inputted in MW60, a medium/small box alarm will be activated, stopping the system.
[image: Diagram
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A ‘Global Count’ and a ‘Global Error Count’ have been programmed in on Network 21. Diffuse sensor 8 is located at  the beginning of the Factory line. When this is broken, it is used to Count the counter up (CTU) by providing a ‘1’ to the CU input of the counter. The CTU output, Global Count (MW164) is incremented up each time the sensor is broken. The PLC tag ‘Global Count’ is used in the HMI to display the count value. A ’Count up and down’ function is used to create the Global Error Count. What goes into the factory passing sensor 8, must pass sensors 4, 5, 6 & 7 when leaving the factory. The Error count is displayed on the HMI home screen. 
[bookmark: _Toc122113352]HMI
“Equipment for monitoring and operator control is needed wherever people have to work with machinery and plants performing tasks A to Z. It is not difficult to find the right device for the specific task. The challenge is to find a solution that is future-proof and flexible, that can be integrated into higher-level networks, and that can also meet the ever-increasing demands for transparency and data provision.
SIMATIC HMI Panels have proven their value in many different applications in all industrial sectors over many years. The range of the systems in use is just as wide as that of the applications and technologies in the respective plants.
Basic HMI is recommended for simple applications with a limited quantity scale and where the price-performance ratio is important in addition to a fast and intuitive operation. The devices offer a brilliant display quality and highpower visualization. This significantly facilitates the operation even of simple machines and equipment. Through turnkey and flexible solutions, you also save valuable time during installation and engineering.” [5]
[image: Graphical user interface
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[5]









[bookmark: _Toc122113353]Root Screen (home page)
The Root screen (homepage) was designed in TIA Portal. All Elements within have tags assigned within their properties. This enables it to connect to the main program, and therefore update when events happen within the factory/program.
[image: A picture containing graphical user interface
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[image: Graphical user interface

Description automatically generated]
	Counters & Counter Reset
	A Global counter counts boxes entering factory. It also counts the large, medium, small & palletised boxes individually. A counter reset button is available on the HMI home screen to reset all counters

	Error Counts
	There is an error count feature used within the program/HMI. If a box enters a line, it should exit the line. Any discrepancies will initiate a warning and then an alarm. Error count values are inputted on Engineer page.

	Warning & Alarm Indication
	The system has a ‘Warning’ and ‘Alarm’ function. If either are initiated, indication lamps will change from green, to red. 

	Sensor & Pusher Operation Indication
	To monitor the operation of Diffuse sensor 1,2 & 3 and Pushers 1,2 & 3 indication lamps are visible on the HMI home screen.

	Controls
	The factory can be started and stopped using the HMI. There is also an emergency stop which requires a Master Reset on the HMI.

	System Status
	System status is displayed with the Green, White and Red indication 

	General Reset
	The General Reset will reset the error counters and scale conveyor excess weight alarm.

	Alarms & Engineer Page Buttons
	These are links to the Alarm page and Engineer page


[bookmark: _Toc122113354]Finished Home Screen Page


[bookmark: _Toc122113355]Warning/Alarm Page
[image: Graphical user interface, text

Description automatically generated]The Warning/Alarm page when healthy will display all green. If a warning or alarm is generated, the associated warning/alarm will change to red. Each one has a tag attached to it. All alarms initiate the master alarm. If any alarms are active the factory cannot start. There are links to both the home screen and Engineers page.
[image: Table

Description automatically generated]
	Warnings
	Alarms

	Warning 0 - Unused
	If emergency stop on HMI home screen is pressed, Alarm 0 and Master Alarm is initiated.

	A large box error count is witnessed here, Warning 1. The error count value is inputted on the Engineer’s screen
	If a large box error count is observed by the program, Alarm 1 is set off. This Alarm value is inputted on the Engineer page.

	The palletising error count warning value is inputted on Engineers page, and displayed on Warning 2
	If a palletising box error count is observed by the program, Alarm 2 is set off. This alarm value is inputted on Engineer page

	The medium/small box error count is a combined value. It is displayed in Warning 3 position.
	If a medium/small box error count is observed, Alarm 3 is initiated. This alarm value is inputted on engineer page.

	Warning 4 – Unused
	If the Emergency stop on the local control panel is depressed, Alarm 4 is set off.

	Warning 5 – Unused
	If one of the 3 safety gates are opened in the factory, Alarm 5 will be initiated.

	Warning 6 – Unused
	If an excess weight is detected on the scale conveyor, Alarm 6 is initiated. 

	Warning 7 - Unused
	Master Alarm is activated when any other alarms present.



[bookmark: _Toc122113356]Finished Warning/Alarm Screen Page
[image: Graphical user interface

Description automatically generated]
[bookmark: _Toc122113357]Engineers Page
[image: Graphical user interface, diagram

Description automatically generated with medium confidence][image: Graphical user interface

Description automatically generated]The error counts for the boxes are inputted by the Engineer on this screen. It also contains the Master reset button. 


The following table gives the minimal error count values for warnings and alarms.
	
	Warning Value
	Alarm Value

	Large Box
	3
	4

	Palletising Box
	3
	4

	Medium/small Boxes
	4
	5




[bookmark: _Toc122113358][image: Graphical user interface

Description automatically generated]Finished Engineers Page









[bookmark: _Toc122113359]Conclusion & Improvements
The design of the factory achieves what was required of it. It separates the four different sized boxes, by use of conveyors, diffuse sensors, pushers, scale conveyor and pop-up sorter. 
[image: A model of a space ship

Description automatically generated with low confidence][image: Diagram, engineering drawing, schematic

Description automatically generated]Although the factory design works, some improvements could be made. The conveyors take up quite a bit of space, smaller length ones could have been used, spaced closer together and the scale conveyor could weigh three sized boxes, rather than two. It would be cheaper to build, take less floorspace, less components and less points of failure. Something like shown below.
The build could have been located closer to the side of the building; this would have decreased the amount of safety fencing required to barrier off the installation.
The HMI home screen is a bit busy. If designed again, I would share the information over another page. Currently the Engineer screen can be accessed by any user. It could be password protected to prevent unwanted persons accepting alarms. In the current design, the digital display of the weight is located close to the scale conveyor. This could have been designed and programmed to display on the HMI
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