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[bookmark: _Toc122179007]1.0 Abstract

This concise written report research different types of PLC systems and investigates how they are constructed and operate. This information is then used to design a production line and a program to control it using the specification given in the brief.
The system will be designed using software such as Factory I/O and Siemens TIA Portal with a fully working/ functional system being demonstrated.  
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[bookmark: _Toc122179008]2.0 Introduction

The requirement was to design and build a factory controlled by PLC software that could sort different boxes of size and weight. The production line was to be built in a simulator called factory I/O and the PLC programming software to be used was Siemens totally integrated automation portal (TIA) version 16.
The factory had to control the following components:
· 4 Conveyors
· 2 Pushers
· 1 Conveyor Scale
· 2 Diffuse Sensors
· 1 Emergency Stop
· 2 Buttons
· 1 Siren
· 1 Warning Light
· 2 Stack Lights

The specification required each conveyor to start in a sequence to limit the current on start-up, a manual reset of all alarms was required once the fault had been cleared.
A human-machine interface (HMI) was required for the operator to be able to control the system with the following controls and displays:
· Start/Stop Button
· Emergency Stop
· Counters
· Reset for all counters
· A replication of factory stack lights
· Fault and warning indicators
It also must have a fault and warning screen and an engineering screen.

[bookmark: _Toc122179009]
3.0 PLC’s Used In Industry

A Programmable Logic Controller (PLC) is essentially a computer that is used to control a system using outputs which are activated when signals from different inputs are fed into the PLC whilst also adhering to the set rules which are stores inside.[1]
“The PLC also known as an Industrial Computer is the major component in the industrial automation sector. Due to its robust construction, exceptional functional features like PID controllers, sequential control, timers and counters, ease of programming, reliable controlling capabilities and ease of hardware usage – this PLC is more than a special-purpose digital computer in industries as well as in other control-system areas. Different types of PLCs from vast number of manufacturers are available in today’s market”.[2]
The PLC when used in industry can automate complex procedures or practices and also dramatically reduce the amount of physical relays and contactors needed in the circuit.[1]

[bookmark: _Toc122179010]3.1 Case Study

An example of a PLC used in Tata Steel is the Siemens S71500 shown in Figure 1.

[image: ]
[bookmark: _Toc122179068]Figure 1 Siemens S7 1500 PLC used on crane 
This PLC is used to control a hot metal crane in the Steel plant the crane picks up, transports and charges 500T of molten iron into a vessel to be turned into Steel. The PLC controls all the motions of the crane to enable it to hoist, cross travel and long travel. It also controls all the safety programs 
[bookmark: _Toc122179011]3.1.1 Profibus Network

This PLC communicates using a Profibus network it has different remote I/O’s from various parts of the crane it also has position system from encoders and also signals from encoder driven joysticks in the operator’s cabin so the driver can operate the crane. An example of this network is shown in Figure 2.
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[bookmark: _Toc122179069]Figure 2 Siemens S7 1500 PLC Profibus Network




[bookmark: _Toc122179012]3.1.2 Profinet Network

The Profinet network is also used to communicate with the PLC using ethernet cable connected to different locations of the crane an example of these Scalance switches can be seen in Figure 3. Each ethernet switch has eight ports which can be connected an example of one of the ports connected to the ABB drives can be seen in Figure 4.
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[bookmark: _Toc122179070]Figure 3 Profinet Network Switches
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[bookmark: _Toc122179071]Figure 4 Profinet Network - ABB Drives
[bookmark: _Toc122179013]3.1.3 Supervisory Control and Data Acquisition (SCADA)

The PLC also communicates with the SCADA system this is a display situated within the operator’s cabin and also in the E-Room an example of one of the screens can be seen in figure 5. The operator can use this for real time monitoring of the crane, view the crane’s status and if any alarms are active.
The maintenance team can use it to simplify fault finding, monitor certain status’, or change over to spare drives etc. The SCADA system is set up so that most faults can be solved on here without interrogating the PLC, this saves time and reduces downtime of the crane. 

[image: ]
[bookmark: _Toc122179072]Figure 5 SCADA Screen




[bookmark: _Toc122179014]3.2 PLC Scan Cycles

The PLC is constantly running a scan cycle once powered up the loop is continuous and the order that the PLC completes these tasks is shown in the flow chart in figure 6. In industry these programs can get extremely large and the scan time is effected by this causing the scan time to increase.

[image: ][4]
[bookmark: _Toc122179073]Figure 6 PLC Scan Cycles
[bookmark: _Toc122179015]3.3 Different Types of PLC

[bookmark: _Toc122179016]3.3.1 Rack Mounted

“A rack mounted PLC is provided in the backplane of the circuit into which all the modules like CPU and other I/O modules are plugged to the corresponding slots. This bus enables the communication between CPU and I/O modules to send or receive the data. This communication is established by addressing the I/O modules according to the location from CPU module along the bus. Suppose, if the input module is located in the second slot, then the address must be I2:1.0 (second slot first channel only as an example). Some buses provide necessary power to I/O module circuitry, but they do not provide any power to sensors and actuators connected to I/O modules.”[2]

[image: ]
[bookmark: _Toc122179074]Figure 7 Rack Mounted PLC
[2]


[bookmark: _Toc122179017]3.3.2 Advantages

	Advantages
	Disadvantages

	[bookmark: _Hlk122160934]Flexible application
	Expensive

	Easy to modify
	Large housing space required

	High quantity of Inputs
	

	High quantity of Outputs
	

	Each component is easily changed if failure occurs meaning it is more economical compared to a unitary PLC where the whole unit needs to be replaced.
	


[bookmark: _Toc122179092]Table 1 Advantages and Disadvantages Rack Mounted PLC

[bookmark: _Toc122179018]3.3.3 Application

Due to its large amount of input/output capability this PLC is designed to operate in large manufacturing processes.



[bookmark: _Toc122179019]3.3.4 Modular

Modular PLC’s are constructed like the Allen Bradley Control Logix controller shown in figure 8. The term modular means that it is made up from different modular pieces so it can be configured for the specific task it is designed for.

[image: ]
[bookmark: _Toc122179075]Figure 8 Allen Bradley Modular PLC


[bookmark: _Toc122179020]3.3.5 Modular PLC components

Modular PLC’s are made up of the following:

	Module
	Description

	Power Supply
	The supply voltage to the PLC is generated here for example 110V AC will be converted to 24V DC so the PLC can function.

	Central Processing Unit (CPU)
	This is the main component of the PLC where the memory is and integrated circuits are situated. It is likened to a brain of the PLC, where all the code is stored, input signals from the input module is processed and output signals sent to the output modules to integrate with plant. Some older PLC’s would have a battery back-up but most new would have UPS connected.

	Digital Input Cards
	Communicates with the CPU and the digital input components connected on plant. These would be on/off type devices like push buttons or limit switches

	Analogue Input Cards
	Communicates with the CPU and the analogue input components connected on plant. These would be devices with 0-10V or 4-20mA input signal such as temperature, flow, level or pressure measurement where the signal is varied.

	Digital Output Cards
	Communicates with the CPU and the digital output components connected on plant. Such as an indication lamp, relay or solenoid valve where an on/off signal is required.

	Analogue Output Cards
	Communicates with the CPU and the analogue output components connected on plant. An example of these components would be a controlled valve where it has multiple positions where flow can be increased/decreased when needed.


[bookmark: _Toc122179093]Table 2 Description of Modular Components


[bookmark: _Toc122179021]3.3.6 Advantages

	Advantages
	Disadvantages

	Extra inputs can be added
	Expensive

	Extra outputs can be added
	Limited to how many cards can be added

	Only change the part/module that has failed which saves on the cost of replacing the complete unit.
	

	Flexibility of set up
	

	Large memory
	


[bookmark: _Toc122179094]Table 3 Advantages and Disadvantages Modular PLC
[bookmark: _Toc122179022]3.3.7 Application

This type of PLC is generally used when lots of Inputs and Outputs are required. Also where great flexibility is required to make modifications, such as a production line.



[bookmark: _Toc122179023]3.3.8 Unitary

The unitary PLC is a small device which has a set amount of input and outputs and all the other required components all in the same small housing.

[image: ]
[bookmark: _Toc122179076]Figure 9 MicroLogix 1400 Unitary PLC
[3]

[bookmark: _Toc122179024]3.3.9 Advantages

	Advantages
	Disadvantages

	Compact
	Limited function

	Basic
	Limited program size

	Flexible
	Limited memory size

	Suits fixed type operations
	Fixed inputs

	Simple to use
	Fixed outputs

	
	Limited communication


[bookmark: _Toc122179095]Table 4 Advantages and Disadvantages Unitary PLC
[bookmark: _Toc122179025]3.3.10 Application

The Unitary PLC is best suited to small to medium types of application which are the fixed type installation.
[bookmark: _Toc122179026]4.0 Design Of Production Line In Factory I/O

Factory I/O computer software was used to design and produce a working production line using the components stated in the design spec. Table 5 shows the total amount of components used.

	Item
	Minimum Needed
	Total Used

	Conveyors
	4
	9

	Pushers
	2
	3

	Conveyor Scale
	1
	1

	Diffuse Sensors
	2
	8

	Emergency Stops
	1
	3

	Buttons
	2
	2

	Siren
	1
	1

	Warning Lights
	1
	4

	Stack Lights
	2
	3


[bookmark: _Toc122179096]Table 5 Total components used

The software allows the program developed in TIA Portal to be run and display to the user how the factory would operate. The benefits of this are any errors in the program can be modified in a safe environment and improvements can be made before the production line is created in real life.







[bookmark: _Toc122179027]4.1 Input/Output Addresses

The input and output addresses of all the components used in factory I/O are shown in table 6 and figure 11. These are set up once the different components have been placed in the location required to build the production line as shown in figure 10



[bookmark: _Toc122179077]Figure 10 Completed Factory I/O Production Line
[image: ]
[bookmark: _Toc122179078]Figure 11 Factory I/O Component Input/Output Addresses Screen

	Sensors
	Input Address
	Output Address
	Actuators

	Start Button
	I16.0
	Q16.0
	Light Indicator (Green)

	Stop Button
	I16.1
	Q16.1
	Light Indicator (Red)

	Not Used
	I16.2
	Q16.2
	Alarm Siren 0

	Diffuse Sensor 0
	I16.3
	Q16.3
	Pusher 0

	Diffuse Sensor 1
	I16.4
	Q16.4
	Pusher 1

	Diffuse Sensor 2
	I16.5
	Q16.5
	Pusher 2

	Diffuse Sensor 3
	I16.6
	Q16.6
	Belt Conveyor (6m) 0

	Diffuse Sensor 4
	I16.7
	Q16.7
	Belt Conveyor (4m) 0

	Diffuse Sensor 5
	I17.0
	Q17.0
	Belt Conveyor (4m) 1

	Diffuse Sensor 6
	I17.1
	Q17.1
	Belt Conveyor (2m) 0

	Diffuse Sensor 7
	I17.2
	Q17.2
	Belt Conveyor (2m) 1

	Safety Door 0
	I17.3
	Q17.3
	Curved Belt Conveyor (4m) CW

	Safety Door 1
	I17.4
	Q17.4
	Curved Belt Conveyor (4m) CCW

	Emergency Stop 0
	I17.5
	Q17.5
	Belt Conveyor (2m) 2

	Emergency Stop 1
	I17.6
	Q17.6
	Belt Conveyor (2m) 3

	Emergency Stop 2
	I17.7
	Q17.7
	Stack Light 0 (Red)

	Not Used
	I18.0
	Q18.0
	Conveyor Scale 0 (+)

	Not Used
	I18.1
	Q18.1
	Stack Light 0 (Green)

	Not Used
	I18.2
	Q18.2
	Stack Light 0 (Yellow)

	Not Used
	I18.3
	Q18.3
	Pop Up Wheel Sorter (+)

	Not Used
	I18.4
	Q18.4
	Pop Up Wheel Sorter (Left)

	Not Used
	I18.5
	Q18.5
	Pop Up Wheel Sorter (Right)

	Not Used
	I18.6
	Q18.6
	Warning Light 0

	Not Used
	I18.7
	Q18.7
	Warning Light 1

	Not Used
	I19.0
	Q19.0
	Warning Light 2

	Not Used
	I19.1
	Q19.1
	Warning Light 3

	Not Used
	I19.2
	Q19.2
	Stack Light 1 (Red)

	Not Used
	I19.3
	Q19.3
	Stack Light 1 (Green)

	Not Used
	I19.4
	Q19.4
	Stack Light 1 (Yellow)

	Not Used
	I19.5
	Q19.5
	Stack Light 2 (Red)

	Not Used
	I19.6
	Q19.6
	Stack Light 2 (Green)

	Not Used
	I19.7
	Q19.7
	Stack Light 2 (Yellow)

	Conveyor Scale 0 Weight (V)
	ID30
	QD30
	Digital Display 0


[bookmark: _Toc122179097]Table 6 Factory I/O Component Input/Output Addresses


[bookmark: _Toc122179028]4.2 Packages to Sort

[image: ]The production line required four different size packages to be sorted, the large and palletizing boxes were sorted onto conveyors using diffuse sensors set at different heights. Whereas the small and medium boxes were also sent to another conveyor using a diffuse sensor activated by height, they had an additional level of sorting. This was the weighing conveyor where the boxes were measured and sent left or right depending on weight.  [bookmark: _Toc122179079]Figure 12 Factory I/O Box Configuration

The factory I/O program allowed you to set package emitters and removers as shown in figure 12 the emitter has settings to allow you to simulate the parts being manufactured in the factory these are shown in figure 13. 


[bookmark: _Toc122179080]Figure 13 Factory I/O Package Emitter Settings
[bookmark: _Toc122179029]4.3 Breakdown of Components used

[bookmark: _Toc122179030]4.3.1 Control Panel

The control panel was set up as shown in figure 14 with stack lights to indicate the status of the operation, siren to warn the line is about to start up, emergency stop to stop operation, start, stop buttons to start and stop the line locally and indication lamps to show when the line is operational or not.

[image: ]
[bookmark: _Toc122179081]Figure 14 Factory I/O Control Panel




[bookmark: _Toc122179031]4.3.2 PUWER Compliant Safety Gate & Guards

The whole production line was made safe with guarding and safety gates which were interlocked into the program to stop the operation if opened as shown in figure 15. These guards and gates comply with the provision and use of work equipment regulations 1998 (PUWER) which prevents the employees from receiving injuries from the moving parts inside. There is also an emergency stop and stack lights placed near both doors.

[image: ]
[bookmark: _Toc122179082]Figure 15 Factory I/O Safety Gates & Guards






[bookmark: _Toc122179032]4.3.3 Diffuse Sensors & Pushers

The diffuse sensors have a light beam emitted from it and when the box breaks this by traveling in front of it a signal is sent back to the PLC. The diffuse sensor shown in figure 16 activates the pusher to transfer the box onto a different conveyor.

[image: ]
[bookmark: _Toc122179083]Figure 16 Factory I/O Diffuse Sensor & Pusher





[bookmark: _Toc122179033]4.3.4 Weighing of Small/Medium Boxes

The small and medium boxes are transferred to a weighing conveyor the diffuse sensor stops the box for the reading to be taken. If the weight is greater or equal to 4.75KG then the box will be sent right using the pop up conveyor and if the box is less than 4.25KG then the box will be sent left. The different components used to send the boxes in the right direction can be seen in figure 17.
 
[image: ]
[bookmark: _Toc122179084]Figure 17 Components Used for Sorting Small/Medium Boxes







[bookmark: _Toc122179034]5.0 Ladder Logic Program

[bookmark: _Toc122179035]5.1 Flow Chart of Operation.

A flow chart of the intended program was created so that the operation would achieve what was set out in the brief and if any improvements could be made this can be seen in figure 18.
[image: ]
[bookmark: _Toc122179085]Figure 18 Flow Chart of Intended Program
[bookmark: _Toc122179036]5.2 PLC Tags

After all the components had been given addresses in Factory I/O these inputs and outputs were mirrored in TIA Portal as PLC tags and named so they could be called upon when creating the program. These are shown in figure 19.
[image: ]
[bookmark: _Toc122179086]Figure 19 PLC Table of Tags
[bookmark: _Toc122179037]5.3 PLC Program within TIA Portal

The Program was created within the folder called program blocks with the file name OB1. The total program consisted of 22 networks where each network controls a different part of the overall program these would be labelled to indicate what they control. This can be seen in figure 20.
[image: ]
[bookmark: _Toc122179087]Figure 20 TIA Software Screen


[bookmark: _Toc122179038]5.4 Explanation of Program Networks

[bookmark: _Toc122179039]5.4.1 Network 1
The function block which enables the communication between TIA Portal and Factory I/O this allows the program to be simulated in the Factory I/O software.
[image: ]
[bookmark: _Toc122179040]5.4.2 Network 2
The start of operations where the program begins. By pressing the start button M100.0 will energise if there are no alarms and the stop button is healthy, because it is latched it will then stay on until the stop button is pressed or an alarm occurs.
The emergency stops and safety doors are in series so if any are utilized then M101.1 or M101.2 energise sending an alarm which will stop the operation.
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[bookmark: _Toc122179041]5.4.3 Network 3
The reset shows how the general reset button 
[image: ]



[bookmark: _Toc122179042]5.4.4 Network 4
Each conveyor starts up in sequence this reduces the overall start up current. A siren sounds when the start button is pressed and each conveyor will start up incurring a 500ms delay from the previous one.
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[bookmark: _Toc122179043]5.4.5 Network 5
The green light will energise when the operate is made meaning whenever the production line is running it will stay green. The red is opposite to this where the right light energises when the production line is not running.
[image: ]

[bookmark: _Toc122179044]5.4.6 Network 6,7 & 8 

These networks are identical albeit they operate different pushers. The certain size box will activate the relevant diffuse sensor there is timer which allows the box to travel from sensor to the middle of the pusher where it gets moved from the current conveyor to the next one. The pusher arm is also timed before the signal is released and it returns to its home position.
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[bookmark: _Toc122179045]5.4.7 Network 9
The total number of each size box is counted here for large and palletizing boxes these are counted by every pusher movement. The medium and small boxes are counted when they pass diffuse sensor 6 and 7 respectively, this is due to them using the same pusher.
The total number of boxes is also counted by placing the two pushers and two diffuse sensors in parallel so a count is made whenever one of these activates. 
[image: ]
[bookmark: _Toc122179046]5.4.8 Network 10
If any warning is active from Byte MB200 it energises the warning flag coil M100.4. Also if an alarm is active from Byte MB201 the this energises the master alarm M201.7 and alarm flag M100.5.
[image: ]

[bookmark: _Toc122179047]5.4.9 Network 11
The scale conveyor stops for the set time delay of 500ms when diffuse sensor 4 is made this allows the box to be weighed before the left or right direction is selected depending on the weight.
[image: ]
[bookmark: _Toc122179048]5.4.10 Network 12

[image: ]
[bookmark: _Toc122179049]5.4.11 Network 13
This network uses the weight measurement to separate the medium and small boxes after the scale has measured them. It then sends the medium boxes right and the small boxes left. 
[image: ]

[bookmark: _Toc122179050]5.4.12 Network 14
The large box error uses an up and down counter which gets its signals from pusher 1 operating when the large box is transferred to the different conveyor and diffuse sensor 5 being broken when it leaves for packaging if the box does not fall off the error will fluctuate between 0 and 1. These error settings for the warning and alarm are set in the engineer’s page. For example if 2 was set as the warning and 4 for the alarm the system would indicate a large box error warning if 2 boxes fall off and would issue an alarm and stop the production line if 4 boxes fall off.
[image: ]
[bookmark: _Toc122179051]5.4.13 Network 15
M200.1 ‘Warning 1’ and M201.1 ‘Alarm 1’ activates when the large box error count is greater to or equal to either the warning or alarm pre-set values which have been added on the engineer’s screen. These will then be shown by indication lamps on the operators HMI screen.
[image: ]

[bookmark: _Toc122179052]5.4.14 Network 16
The palletizing box error uses an up and down counter which gets its signals from pusher 2 operating when the palletizing box is transferred to the different conveyor and diffuse sensor 6 being broken when it leaves for packaging if the box does not fall off the error will fluctuate between 0 and 1. These error settings for the warning and alarm are set in the engineer’s page. For example if 2 was set as the warning and 4 for the alarm the system would indicate a large box error warning if 2 boxes fall off and would issue an alarm and stop the production line if 4 boxes fall off.

[image: ]
[bookmark: _Toc122179053]5.4.15 Network 17
M200.2 ‘Warning 2’ and M201.2 ‘Alarm 2’ activates when the palletizing box error count is greater to or equal to either the warning or alarm pre-set values which have been added on the engineer’s screen. These will then be shown by indication lamps on the operators HMI screen.

[image: ]

[bookmark: _Toc122179054]5.4.16 Network 18
The medium/small box error uses an up and down counter which gets its signals from pusher 3 operating when the medium/small box is transferred to the different conveyor and diffuse sensor 4 being broken when it leaves for packaging if the box does not fall off the error will fluctuate between 0 and 1. These error settings for the warning and alarm are set in the engineer’s page. For example if 2 was set as the warning and 4 for the alarm the system would indicate a large box error warning if 2 boxes fall off and would issue an alarm and stop the production line if 4 boxes fall off.
[image: ]

[bookmark: _Toc122179055]5.4.17 Network 19
M200.3 ‘Warning 3’ and M201.3 ‘Alarm 3’ activates when the medium/small box error count is greater to or equal to either the warning or alarm pre-set values which have been added on the engineer’s screen. These will then be shown by indication lamps on the operators HMI screen.
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[bookmark: _Toc122179056]5.4.18 Network 20
When the system is not running with no alarms or warnings active the red stack light is on or if a fault occurs when running it will also switch on due to belt conveyor A (Q16.7) normally closed contact. When the production line is started the green and amber stack lights are on, the green will stay on as long as the belt conveyor A (Q16.7) bit is active and the amber for the same time that the siren (Q16.2) sounds. The amber will also switch back on when production line is running if either the warning flag is activated or when the alarm flag is activated. The alarm flag will stop the line and the red and amber stack lights will be illuminated.
[image: ]

[bookmark: _Toc122179057]5.4.19 Network 21
There are four warning lights which are flashing beacons placed on each corner of the safety guarding. These warning lights are on when the production line is running indicting that there is a working production line inside the guarding when these are on. The operate signal (M100.0) is used to activate these four lights. 
[image: ]

[bookmark: _Toc122179058]5.4.20 Network 22
Alarm 6 (M201.6) is activated when two or more boxes are present on the weighing conveyor. This is done by monitoring the weight and if it is greater or equal to 7KG then the production line stops, an indication is shown on the HMI and the boxes need to be removed before a reset can occur.
[image: ]


[bookmark: _Toc122179059]6.0 Human-Machine Interface

The Human-Interface Machine (HMI) is the PLC program linked to screens which allows the operator to control the production line whilst also being able to access different feedback values and see indication of warnings or faults present in real time.
The design of the HMI was also constructed in TIA portal, in total three screens were set up which were, the home screen, the Alarm/warning screen and the engineer’s screen. To be able to create these screens a set of HMI tags was made which is shown in figure ?? this shows details such as, the address and data type. 
[bookmark: _Toc122179060]6.1 HMI Tag Table

Figure 21 shows the HMI tags created which allows the different bit addresses to be affiliated with the HMI.
[image: ]
[bookmark: _Toc122179088]Figure 21 HMI Tags
[bookmark: _Toc122179061]6.2 The Home Screen

The Home screen is also known as the operators screen where there is multiple induction and status values for the user to view. There is also commands such as start/stop buttons, emergency stop and reset buttons. There is also button to navigate to different screens all these functions are shown in figure 22.

[image: ]
[bookmark: _Toc122179089]Figure 22 HMI Home Screen



[bookmark: _Toc122179062]6.3 The Alarms/Warnings Screen

The warning/alarm screen displays in the event of a warning or failure which one is active by switching from green when the system is healthy to red when there is an issue with that part of the program the functions of this screen can be seen in figure 23.
If the master alarm activates by an alarm then the system would not start back up unless the master reset is pressed on the engineer’s screen.

[image: ]
[bookmark: _Toc122179090]Figure 23 HMI Warning / Alarm Screen



[bookmark: _Toc122179063]6.4 The Engineer’s Screen

The engineer’s screen is the final page this would allow the engineering team to access and reset a master alarm if any of the seven alarms were activated. The line would not be able to start back up until this has been pressed.
Also the variable error counts are set up on this page as shown in figure 24.
[image: ]
[bookmark: _Toc122179091]Figure 24 HMI Engineer's Screen















[bookmark: _Toc122179064]7.0 Warning Strategy

Table 7 shows the description of the warning how it occurs and how to reset.

	Warning
	Name
	Description
	Warning activates
	Reset

	0
	Spare
	 
	 
	 

	1
	Large Box Error
	Monitors the amount of boxes that may have fallen of conveyor
	Occurs when the large box diffuse sensor on end of conveyor has counted less than the diffuse sensor next to pusher the error counter will then equal the inputted error count value
	Remove boxes from area and perform a general reset on operator screen.

	2
	Palletizing Box Error
	Monitors the amount of boxes that may have fallen of conveyor
	Occurs when the palatizing box diffuse sensor on end of conveyor has counted less than the diffuse sensor next to pusher the error counter will then equal the inputted error count value
	Remove boxes from area and perform a general reset on operator screen.

	3
	Medium/Small Box Error
	Monitors the amount of boxes that may have fallen of conveyor
	Occurs when the medium/small box diffuse sensor on end of conveyor has counted less than the diffuse sensor next to pusher the error counter will then equal the inputted error count value
	Remove boxes from area and perform a general reset on operator screen.

	4
	Spare
	 
	 
	 

	5
	Spare
	 
	 
	 

	6
	Spare
	 
	 
	 

	7
	Spare
	 
	 
	 


[bookmark: _Toc122179098]Table 7 Warning Strategy





[bookmark: _Toc122179065]8.0 Alarm Strategy

Table 8 shows the description of the alarm how it occurs and how to reset.

	Alarm
	Name
	Description
	Alarm activates
	Reset

	0
	HMI Emergency Stop
	Stops Operation in an Emergency.
	Occurs when emergency stop is pressed on HMI screen
	De-press HMI Emergency stop, carry out master reset on engineers screen

	1
	Large Box Error
	Monitors the amount of boxes that may have fallen of conveyor and stops operation if error count alarm value is reached
	Occurs when the large box diffuse sensor on end of conveyor has counted less than the diffuse sensor next to pusher the error counter will then equal the inputted error count value
	Remove boxes from area and perform a general reset on operator screen, then perform a master reset on engineers screen.

	2
	Palletizing Box Error
	Monitors the amount of boxes that may have fallen of conveyor and stops operation if error count alarm value is reached
	Occurs when the paletizing box diffuse sensor on end of conveyor has counted less than the diffuse sensor next to pusher the error counter will then equal the inputted error count value
	Remove boxes from area and perform a general reset on operator screen, then perform a master reset on engineers screen.

	3
	Medium/Small Box Error
	Monitors the amount of boxes that may have fallen of conveyor and stops operation if error count alarm value is reached
	Occurs when the medium/small box diffuse sensor on end of conveyor has counted less than the diffuse sensor next to pusher the error counter will then equal the inputted error count value
	Remove boxes from area and perform a general reset on operator screen, then perform a master reset on engineers screen.

	4
	Emergency Stop Activated
	Stops Operation in an Emergency.
	Occurs when emergency stop is pressed on control panel or either access gate
	De-press tripped Emergency stop, carry out master reset on engineers screen

	5
	Gate Opened
	Stops Operation if any safety gate is opened.
	Occurs if east or west gate is opened.
	Close the safety gate, carry out master reset on engineers screen

	6
	Weighing Scale Error
	Stops operation if weighing scale goes into error
	Occurs if two or more boxes are on the weighing conveyor at once.
	Remove boxes from conveyor, then perform a master reset on engineers screen.

	7
	Master Alarm
	Stops operations restarting after any alarm has been activated
	Occurs if any alarm has been activated
	Remove the active alarm then perform master reset on the engineers screen


[bookmark: _Toc122179099]Table 8 Alarm Strategy

[bookmark: _Toc122179066]9.0 Analysis

Overall the production line worked very well with the program achieving beyond the minimum specification in the brief and the factory I/O software managing the 4 different boxes correctly.
Some improvements which could be considered are to have less information on the home screen so that the operator isn’t overloaded with data, which can sometimes have a negative effect and cause confusion. This could be achieved by having more than three screens on the HMI, which would reduce the amount of information on the home screen by moving the pusher/ sensor lamps, emergency stops and opened gates to a different screen.
The program labelling could be improved this is due to the Factory I/O defaulting some sensors to zero instead of 1. This meant that the labelling was one out on the TIA program i.e. diffuse sensor 0 in Factory I/O was diffuse sensor 1 TIA Portal etc. This would add time for engineers when fault fining.
The amount of networks could have been reduced by combining networks 6,7 & 8, having three lines of code in the one network this would have created a single network for all pushers.
There were 5 spare warnings which could have been added to improve the operation of the line to reduce faults before they occur, this would result in less downtime.
One final improvement could be to password protect the engineer’s screen so that the operator does not have access to this screen.











10.0 References

[1] 	E. mindset, “theengineeringmindset.com,” the engineering mindset, 2022. [Online]. Available: https://theengineeringmindset.com/programable-logic-controllers-explained/. [Accessed 10 12 2022].
[2] 	elprocus, “www.elprocus.com,” elprocus, 2013. [Online]. Available: https://www.elprocus.com/programmable-logic-controllers-and-types-of-plcs/. [Accessed 12 12 2022].
[3] 	plc-city, “www.plc-city.com,” Allen Bradley, 2022. [Online]. Available: https://www.plc-city.com/shop/en/allen-bradley-micrologix-1400.html. [Accessed 10 12 2022].
[4] 	L. B. E. Bryan, Prgrammable Controllers Theory and Implementation, Marietta: Industrial Text Company, 1997. 










	[image: TataSteel_Blue_RGB_A4]
	Page 1 of 2 Pages
	                    17/12/2022 



image2.png




image3.png
'TATA STEEL| @D 2™ IS oo Vo] Toooe CHARGING CRANE CRANE 5001105T/1Tm

‘SMATIC 57.1518 4PNIDP ELECTRICAL ROOM 13 2
SOUTH GIRDERS REMOTE 0

PROFIHUB

oumGt2 oLmGt
AUXILIARY _ MAIN

TROLLEY TROLLEY BN
Wous T pome T promet Greesng. T vooten | Tempernue

wegnang

comn_| e Networ ey





image4.png
@22 TS o) “emn"] oo CHARGING CRANE CRANE 5001105T/1Tm

'EROOM SCALANCE: +ER2P3-21501 E-ROOM SCALANCE: +ER2.P3-216U1

E:ROOM SCALANCE: +ER2P3-217U1

(CABIN SCALANCE M. CROSS TRAVEL SCALANCE AUX. CROSS TRAVEL SCALANCE .
+cB.caT-z81 STMcLaz7RUn “TACLZ283U1





image5.png
ein | Coecias CHARGING CRANE CRANE 500/105T/11

TATA STEEL| @22 MSi -~
EROOM SCALANCE: ERG 1121801

o

SuPRLY WA HGIST HoisTS LONGTRAVEL  MANCROSS
isuz e seaRE ORve s VELWiows  TRAVELMZ
ERIPSDY  ERLPZDY vERIPZDS +eRi 7106 VR P04 “ERipins





image6.png
TATA STEEL| @22 MS1

ettt CHARGING CRANE CRANE 500/105T/1Tm

e

[- L ———
[ L ——
[T ——
P YT —
Pe p e r—

(@D e e e Power oo s 7t
[ T T—————

ALARMS

(@ oo e s
@D Emeroency W e Accen N st +CE2 6084
[ T e——————
P- PR
P FE———

[ ]

[ r———

P FEEEU———

P P —

[ ——
@ emramcy i e oo e 721
[ e ——
P- R ——
- ente—
@ s v e
o LImmm——

Po —

STATUS

[ [opr

[ s e oo 7. [5] commsnt oo a7 [ 0 1w st e ens s [ nm .- cr s

P e Do s 785

aan oy o Wancross | AubayCross | spare

00 e o vt e etz 5] 10wt ovrmes 110 5] 0 2.0 e 20





image7.png
:f:





image8.png




image9.png




image10.png




image11.png





image12.png
List of List of
Sensors Actuators

Input Output
Addresses Addresses




image13.png
Small
boxes
removed

Paletzing
boxes
removed

Medium
boxes
removed

Large
boxes
removed

Start where 4
diflerent box sizes.
are emitied





image14.png
Delete

Configuration
Baseto Emit
Part to Emit

Max Time

Upto

Horizontal Trans.
Vertical Trans.

Duplicate

Min Time.

Random Part Position

Random Part Orientation

Alt

Delete

[<B<H<N<]

None

Box (S)

Box (M)

Box (L)
Palletizing Box
Blue Raw Material
Green Raw Material
Metal Raw Material
Blue Product Base
Green Product Base
Metal Product Base
Blue Product Lid
Green Product Lid
Metal Product Lid

Stackable Box





image15.png




image16.png
= Stack
1 Lights
N Emergency
A
Stop





image17.png
Diffuse Pusher
Sensor





image18.png




image19.png
@ @ sop > Reatignt
= op. o

N

S

Conmyors. [ Green Light [—»rasing Lo
oo [ Operme s,
o Fushert s
N
v No
Count Bsckio S
e [ Opermie ez,
— Pusher2 £
N
v No
Count
Foun
s {conueyer et
Popup | [Opera Difse
|comeyormight| | sensors
Operae Ditise
Sensors o
Count Backio e
Bsckio S
Jes [ Opeme yes,
Fusner s

st





image20.png
PLC tags

‘Name. type IAddress Retain  Accessi- E::. lein

blefromfrom engi-

HMIOPC HMIIOPC neering

[ s

Al ap
@ sersuon = 6o Fae e [fue e
‘@ Soputon = et Fae e [fue e
‘@ Diffuse sensor1 = iies Fae e [fue e
‘@ Difuse semsorz = iies Fae e [fue e
@ Greentight = ateo Fae e [fue e
@ Pwen = 63 Fae e [fue e
@ Puher2 = ated Fae e [fue e
‘@ BeitComeyoraem = 66 Fae e [fue e
@ opeae = W00 Fabe fTwe e Twe
@ Redtignt = 61 Fae e [fue e
@ o = oot Fae e [fue e
@ oz = W00 fabe fTwe e Tme
@ o e FMWISD  fabe e e e
@ e EWISZ Fabe e e e
@ Weringo = R0 Fabe fTwe e Twe
@ Vering1 = 2001 Fae e [fue e
@ Wering2 = 2002 fabe fTwe twe Twe
@ Wering3 = FNE003 Fabe fwe Twe  Twe
@ Wering4 = 2004 Fabe e e Twe
@ wernings = 2005 Fabe fTwe e e
‘@ Warings = W00 fabse fTwe e Twe
@ Wering7 = W07 fabe fwe e e
@ wamings Bre ewaz00 Fae e [fue e
@ Aamo oo W00 fabe e e e
@ Hami = 2011 Fae e [fue e
@ Aamz = W02 fabe  Tme e e
@ Aam3 = R0 fabe  fwe e Tme
@ Aama = E20Le fabe  Twe e Tme
@ Aams = W05 fabe  fwe e e
@ Aame = WM0Te  fabe e e Tme
@ Master Alam = W20 fabe  fwe e Tme
@ Aams Bre azot Fae e [fue e
@ Vieringfiag oo 004 fabe e e Tme
@ Aamiag oo W05 fabe e e Tme
@ resetbuion = EMI003 fabe fwe e e
@ mader oo M0 fabe e e Twe
‘@ BeitComveyor Adm oo ate7 Fae e [fue e
@ secomeorcam oo ai7o Fae e [fue e
@ S oo ate2 Fase e [fue e
@ Saleconeyors = aiso Fae e [fue e
@ senenleset oo W07 fabe e e e
@ pushers oo ates Fae e [fue e
‘@ Diffuse sensor3 oo ites Fase e [fue e
@ BeitComeyorozm 7.1 Fae e [fue e
@ BeitComeyore2m 7.2 Fase e [fue e
@ CuvedComeyora 173 Fae e [fue e
@ Cuned Comveyors 7.4 Fae e [fue e
@ sl i 30 Fase e [fue e
@ owpay i 30 Fase e [fue e
@ Diffuse sensord 66 Fae e [fue e
‘@ PopUp Comeyor+ 83 Fae e [fue e
‘@ PopUp Comveyorieit 1= faias Fae e [fue e
‘@ PopUp Comeyoright = aiss Fae e [ firue
@ e Feal D300 Fae e [ firue
@ Resdy ool [MioTo  fabe  [fwe e e
‘@ seiComeyorF amt = Q175 Fae e [fue firue





image21.png
i e

e 6 Ve e oune G e Wiy
LB RG Y oo oot WAE X S

-

: s
[Ram—

Jr—
JEs—
[
s

' e

i e

L)

—

S

[ e

<

[rowier [ivis S[0upos |

o | Gomple sy

0 oo





image22.png
Network 1:

*FC9000
“MHI-PLCLab Function S71200"

e ENo





image23.png
Network 2: Start

Start Operations

%160 *M1005 %1000
“Start Button” “Marm flag® “operate”
Wi }
*M1000
“Operate’
1+
w25 wnzs w27 w011
“emergency. “emergency. “emergency. “emergency
Stopo” stop 1* Stop2” stop alarm
i I i )
w011
“emergency. xw201.a
stop alarm “Alarm
Wt
w1012
w73 Py *door open
“Safetydoor 0" “Safety door 1° Slarm®
1k 1k L
am101.2
*door open K201
et o
Yt { F





image24.png
Network 3: Reset

General reset

%q180
<007 “Scalecomveyor
“generl reset” ¥
it N Q {®
sy Er—
<wnooo
“Operae”
Yt
<007 conv
“generl rser” wove DWord 1o Resl
it e =Y _—
o w00 *wi00 xwo300
@oun —serser” “seateh’ — our—Weignt




image25.png
Network 4: Conveyors
Start Conveyors





image26.png
%DB19

"EC_Timer 0_
D816
%q17.1
“aelt Conveyor
EEYS
~ { F
T#55,_500MS — T
%0820
EC_Timer 0_
Bar
%q17.2
Ton “Belt Conveyor
Time e
w Q }
Tees —pr 7 — Thoms
%0821
IEC_Timer ¢
[rEry
- %173
Ton “Curved
Time Conveyor A°
%q17.4
“Curved
Conveyor
w }
1475 —pr
IEC Timer 0
%q17.5
“Belt Conveyor
Eanr
w Q { ¥
T#75_500Ms —pr. Er—Teoms
%0823
IEC_Timer
820"
- =qia3
Ton “PopUp.
Time Conveyor
~ { F





image27.png
Network 5: Lights
Indication lights.

oo e
e
o L

et





image28.png
Network 6: Pusher 1

Sensor pusher 1
IEC_Timer_0_08"
wie3 %qte3
“DiffuseSensor 1* “Pusher 1
i} w w Q w Q
TessoMs —pr TeTSOMS —pE Er—Ts0ms TesooMs —pr T —Ts0ms
Network 7: Pusher 2
Sensor pusher 2
%084
I Timer imes ¢
r
wisa ™ %q164
“DiffuseSensor 2 Time “Pusher 2
i} w w o
Tessos —pr THss0ms —pr. oms TesooMs —pr T —Ts0ms
Network 8: Pusher 3
Sensor pusher 3
%0818
%q165
“Pusher 3
w w Q
TeosoMs — T Te70OMs —pE ET—Ts0ms





image29.png
Network 9: Counters

Box counters

e =
Chae
O
el




image30.png
Network 10: Warnings/alarms

check for warnings or alarms

Aws200 -
“warnings" “Warning lag”
By ¥
o
b} w207
Aarms: Master Alarm
e }
o
“anoos
arm fag”
L





image31.png
Network 11: Sacle Conveyor

Weighing conveyor

)
sanoro Sca cmerer
ey o
® noa { F W (5)
TS soovs—pr g Terssows g Er—eoms





image32.png
Network 12: Weighing Display
Scale Weight display





image33.png
Network 13: Pop up conveyor

Leftand right direction of pop up conveyor

™
oo e
“Weight" Conveyor left”
I \
Trea [ ts
b
*Q185.
ol
Comepor
{r
o e
“Weight” Conveyor left”
15
TReat [ {R}
b

=qias,
“Pop Up
Conveyor right”

{sh




image34.png
Network 14: Error counter

large box error counter

wier
i senor s
——a
—
“general reset” — R

s —1p
10000 —py

Qo

wmwise
“Large box
v — errorcount”




image35.png
Network 15: Error Warning/alarm

large box error warninglalarm

P
“Large box
ertor count”

uint
MWS0
L8 warnval"

SMwiss
“Large bor
ertor count”

fom
s

“L8 slarm val*




image36.png
Network 16: Error Counter

Paletizing box error counter

%0829
EC_Counter_
o83
“qi6a cuo.
“Pusher - unt
It L)
Qo —
L owmo “wwise
Diffuse Sensor 6 “Paetizing box
4 ——@ o erorcounr
%M1007
“generalreset’ — &
-
10000 —py





image37.png
Network 17: Error warning/alarm

Paletizing box warning/alarm

“Mw1s6
“Paleizing box
ertor count®

uint

XMW
“PBwarnval

“Paleizing box
ertor count”

w2012
“Aarm 2

uint
AMWS5
P8 alarm val®




image38.png
Network 18: Error counter

Medium/Small box error counter

“Difaesomor &
——o
—
“general reset” — R
e iD

10000 —py.

Qo —iete

wwwisz
“Mediumismall
boxermor
v count”




image39.png
Network 19: Error Warning/alarm

Medium/Small box warning/alarm

wmwisz
“Mediumismall
boxerror
count”

far,
ia

awwiez
“MediumiSrall
boxerter w2013
Marm 3
fom ’
“wws0

IS alarm val*




image40.png
Network 20: Stack lights
Stack Lights Red, Yellow, Green

oG sans
o S





image41.png
Network 21: Warning Lights

Flashing beacons on gaurding

%M100.0 %*qias

“Operate” “Warning Light 0"
1k L
%*Qia7

“Warning Light 1

*q190
“Warning Light 2

{ F

sqie1
“Warning Light





image42.png
Network 22: Error Weighing

Weigh scale conveyor error alarm

“MD300
“Weight”
| > |

wm2016
“Alarm 6

TReal [




image43.png
‘Name F..,... ‘Address
@ Dffusesensors 167 fabe e e e
‘@ Large box emor count it Wwwiss  Fake e [fue e
@ Gl it wso e e [iue e
@ Gam it sz e e [iue e
@ Difusesensors 70 Fabe e e e
@ Peletising box errorcount int WwwWiss  Fae e (e e
@ Fewamal it s e e [iue e
@ e it s e e [iue e
@ serComeyorcam i Fabe  fwe e e
@ coms e fowise Fale e [fue  frrue
@ coms e I I O T
@ Difusesensor7 ol [l Fabe  fwe e e
@ Offusesensors = 72 Fabe e e e
@ sucklgned = a7 Fabe fue e e
@ SuckightGreen oo eas: Fabe fwe e firue
@ Sk Ughveliow = i Fabe e e firue
@ MediumiSmol boxerorcount Uint jwie  fabe e e e
@ s e enss e e (e e
@ sl e onied e e (e e
@ Waming Lighto = aiss Fabe e e firue
@ Waminglignt1 = i Fabe e e e
@ Waminglightz = i Fabe fwe e e
@ aringlights = i Fabe e e firue
@ ssferydoor0 = 7 Fabe fwe e e
@ safetydoort = wi7a False fiue  fiue  firue
@ SucklightRedi) = i Fabe fwe e e
@ SucklghtGreen(i) = ] Fabe fe e firue
@ sk Ughvellow(t) = i Fabe fwe e firue
@ SuckiightRedd) = atos Fabe e e e
@ SucklgnGreen@ = i Fabe fwe e e
@ Suckightvelow(2) = et 7 Fabe e e e
@ EmergenySop0 ol 7 Fabe e e e
@ EmersencySiop 1 = Jire Fabe e e e
@ EmegenySopz ol 77 Fake e e i
@ couns e Fwies Fase e [fue firue
@ emergency stop aarm oo [WIOLT  fabe e fiwe e
@ dooropensiam = I N T L
@ overweighteror = I N N L
@ s oword I N T





image44.png
SIEMENS SIMATIC HMI





image45.png
EEES SIMATIC F MI

Incication of warnings





image46.png




image1.png




image47.png
Prifysgol Cymru 2 m
Y Drindod Dewi Sant
University of Wales

Trinity Saint David 1822 - 2022




image49.jpeg
/W

TATA STEEL TATA

—




image48.jpeg
TATA STEEL




