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This project aimed to design and install a safety interlock system (SIS) on the blast furnace 4 iron tilters to maximise the safety of the process of transporting molten iron and to create a safer environment for the workers. The aim was to provide the client with documents to support the work that is to be carried out. The client requested for the molten iron pouring process to be made safer with the use of an SIS that conforms to Machinery Safety Category 3 and Performance Level D. With the scope given the SIS was designed to meet the requests of Tata Steel Port Talbot.
The aims were achieved by researching components to be used within an SIS, ensuring all components meet the requirements of machinery safety, designing the system to be controlled by a Programmable Logic Controller (PLC), writing and carrying out a full commission report of the system on-site to ensure it works correctly and designing a full drawing package such as wiring diagrams, cable block diagrams and cable schedules. 
Upon Completion of the Project, the system was designed as requested and as planned. The project was simulated within a simulation software before testing in an uncontrolled environment which proved to be successful. The project is then to be commissioned on-site to ensure the functionality is correct and meets the standards in place. The commissioning of this project is due to be carried out post-hand in date of the report therefore the final commissioning results can not be commented on.
The project was a success to date. The aims & objectives set out for the project were met. The project followed the Gantt charts created to ensure it stayed on track. Setbacks in the project were due to lead times of the PLC equipment which forced the initial project finish to be a lot later than planned. The Gantt chart was adjusted to accommodate this.
Recommendations for the project if it were to be carried out elsewhere in the future are to install a sensor to be triggered when the locomotive train is in place. This can be incorporated into the SIS system and allow the operators to be sure the train is in place before pouring molten iron. A second recommendation would be to gate off the area and access is only granted when the green light is present.
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The project written within this report Is to be written about a safety interlock system within Tata Steel Port Talbots Blast Furnace 4. A Tender document was given out by engineers within the blast furnace requiring a safety interlock system to be installed within the furnaces to increase the safety of the process. The Safety interlock system had to meet the requirements of performance level D and category 3 of machinery safety, which had been decided upon by the engineers upon risk analysis.
The process that requires a safety interlock system is the process of tipping molten iron into the torpedo beneath the blast furnace. The Blast Furnace is where steel is made. At the bottom of the iron furnaces, the molten iron can be “tapped” out, where they’re poured into tunnels which can be diverted in two different directions. One of the directions is a waste area and the other is an iron tilter. The molten iron can be tapped out at the south side of the furnace or the east side. The location beneath the blast furnace is the iron roads. The blast furnace 4 consists of an east-cast house and a south-cast house that sits 15m above ground level. There are 2 iron roads beneath each cast house therefore 4 in total. South cast house iron road A and B and east cast house iron A and B. Each cast house has its independent iron tilter where the molten iron can be diverted to either Iron Road A or B. On the iron roads are torpedos which are refractory lined vessels on a locomotive train where the molten iron gets poured into and then driven to the the next process.
The current problem with the process is that there is no safety system in place. The locomotive driver drives the train and torpedo into position beneath the blast furnace and then stays or leaves at his own will. In that period there’s a large risk that the operators on the cast house that control the iron tilter can divert the molten iron either onto an empty track or into the torpedo but with the locomotive driver still being in the area. The risk of an accident and fatality is huge if the driver were to be near the firing line of the molten iron therefore with no safety system currently in place it is of high importance to create a SIS and for it to be designed correctly.
The iron tilter is manually tilted and can only be tilted due to a pneumatic air supply controlling a motor. The air supply will be isolated by the SIS system so that it's only operational when it’s allowed to.
This report takes references from standards such as The ISO Standards 13849 1:2023, IEC 62061 and the machinery safety standards ISA S84. [1] [2] [3]
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Upon receiving the tender document from Tata Steel aims were set out to ensure the client’s requirements were met and that they going to be happy with the proposed solution. This would provide a safer working environment for employees working on the process and around the process when it's functioning. Another aim set out was to provide the client with all the supporting documents to back up the safety interlock system and the work carried out within the project. This includes documentation such as machinery safety calculations, a successful commission of the process, wiring diagrams, cable block diagrams and cable schedules. 

[bookmark: _Toc164797356]Objectives of the project

To ensure the aims of the project were met objectives were set out to achieve the deliverables of the project. It’s important to set out objectives within the project so that they can be used as checkpoints and goals to achieve the overall aims of the project.
The three main objectives of the project were –
· To carry out extensive research on different components that are required within the safety interlock system that is to be designed. This would include checking the components meet the machinery safety requirements and ensuring the client gets the best possible SIS while keeping the costs within reason.

· Carrying out a full commissioning report. This is writing a commissioning report which will include carrying out functionality checks of all the components within the system and then carrying out end-to-end checks within the PLC system. By doing this the system can be fully tested and signed off before handover and ensure it's working safely and correctly.

· Designing a full design package with the use of AutoCAD and TIA Portal. Within AutoCAD design documents will be made and adjusted accordingly throughout the project. The design documents that will be designed will be wiring diagrams of all components and the panels, cable block diagrams, cable schedules and also a PLC Ladder logic that will be used to control the SIS.

The report contains all the research and evidence to support my project and is shown throughout the report. One of the main reasons this project was carried out is due to the dangers surrounding the area. The importance of getting this project completed successfully is crucial for the safety of employees within the area. The outcome of an accident in this location can be fatal therefore a safety system in place will help reduce this from happening. Due to working in this location for years as an apprentice, I know the dangers that are present in the area so for me the project was something I wanted to progress with.




[bookmark: _Toc164797357]Project Timings

Initially, a Gantt chart is created to plan the timings of the project and to have a plan to follow. Having a project plan is important to ensure the project stays on track and targets are being met. Without a project plan, it's easy for the project to fall behind. Project plans can be adjusted throughout the project to suit problems that have arisen but it's always important to have an initial base plan to work with. Throughout this project, the Gantt chart was adjusted 3 times due to setbacks and changes. 
[bookmark: _Toc164797358]Timing Plan 1
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[bookmark: _Ref163740449][bookmark: _Toc164797178]Figure 1 – Gantt Chart of First Project Plan
Figure 1 is the first Gantt chart made for the project. Each of the tasks of the project is broken down within the Gantt chart with proposed durations for each task and start and end dates. Tasks can overlap one another. The project was projected to be done in 8 months without the university report. Due to setbacks with component lead times the project had to be put on hold during the installation phase, labour was moved to other projects and minimal work was carried out.
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[bookmark: _Ref163740463][bookmark: _Toc164797179]Figure 2 - Gantt Chart of second project plan
Figure 2 displays the updated project plan created to be followed for completion of the project. The project was to start in April of 2022 and was then to be finished in May 2024. The software design and tasks after that in the project was put on hold during the period of waiting for components.  The plan was originally to commence with the software design in July 2022 but this had been changed to July 2023. Minor work was carried out on the plant when possible, especially during shutdown periods. The University report work was also added to the end of the gantt chart, setting dates for my first viva, carrying out my report, my second viva and also the final poster. 
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[bookmark: _Ref163740469][bookmark: _Toc164797180]Figure 3 - Gantt Chart of revised Project Plan
Figure 3 is the Gantt chart of the final revision of the project plan. Adjustments had to be made from the 2nd project plan which was to add new tasks to the project. The changes were made in January where additional work was presented to the project. The full-length Gantt charts from Figure 1, Figure 2 and Figure 3 can be seen in the appendix 6.
The changes in the Project plan were as below – 
· The duration of the Installation of equipment and cables was extended due to longer lead times on materials 
· Additional work was added such as writing the functionality checks and commissioning report for the project.
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In this section of the report displays the research carried out to get to the final design. Research on machinery safety was carried out before designing the SIS to get a better understanding of the standards.
The client required a SIS that met machinery safety performance rating D (PLd) and also category 3. PLd and Cat 3 are given to a system from the machinery safety standards. A SIS is put in place to put a process into a safe state when it is exposed to a condition that it is not familiar with. 

[bookmark: _Toc164797362]Functional Safety standards

One of the first machinery safety standards was the ISA S84. ISA S84 is a set of standards that came into place in 1996. The standards came into play after a series of catastrophes due to machinery systems. These disasters caused stricter standards to be put in place with notable catastrophes being the Chernobyl nuclear disaster in Ukraine and the Seveso disaster in Italy which may both have been avoided if there had been an SIS in place. Machinery systems had evolved from purely using pneumatic, electrical and electronic controls to using computer control.  There was no system in place to minimise risk reduction and this is where the ISA S84 standard came into play. The ISA84 developed a safety life cycle for SIS which is shown in Figure 4 as good engineering practice to use while designing an SIS. [4] [2]
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[bookmark: _Ref164351571][bookmark: _Toc164797181]Figure 4 - Safety Life Cycle ISA84 [4]



Figure 4 is the Safety life cycle that a designer is required to go through while deciding on an SIS and what functional safety levels are required. Standards IEC 61511 and 61508 also apply to functional safety and these standards are performance-based. These standards are in place to ensure that the functionality of the process is kept at an acceptable risk level. 
As a lot of system processes were carried out before the standards in 1996, they need to be reassessed to ensure they meet the certification requirements. A system designed before the standards can only be covered by the standards ISA84 due to the “grandfather clause”. The “grandfather clause” is acceptable if the operators of the system can display that they have a strict protocol for the design of the system, maintaining, inspecting, and testing the system and that it operates safely. If the system doesn’t meet IEC 61508 then the standard IEC61511 must be used and the system must comply with a set criteria called “proven-in-use”. “Proven in use” from the standards IEC 61511 must require the operator to prove that the safety function and the right safety integrity level (SIL) of the process are met by using evidence from tests carried out proving the system's probability of failure is below the threshold of the rating of equipment used and the SIS system used. [5]






[bookmark: _Toc164797363]ISO 13849 1:2023

The ISO Standards 13849 1:2023 is the standard of safety of machinery. The standards are there to give guidance to whoever is designing the SIS. With the use of a document, the risks of the function can be reduced using safety-related parts of control systems (SRP/CS). Within these standards are the table that is used to determine the performance level rating (PLr) of the safety function. The SRP/CS that are then chosen to be used must meet the set PLr of the control system. 
A PLr in machinery safety Is used to specify how a system or parts of the control system perform their safety function under different conditions. A table is taken from the standards ISO:13849-1 shown in Figure 5 and used to dictate the PLr required for the safety function. [6]
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[bookmark: _Ref164351636][bookmark: _Toc164797182]Figure 5 - Graph from Standards ISO:13849-1:2015 to select the minimum PLr required for the safety function [6]

Using Figure 5 and the key shown in Figure 6, the PLr value can be determined, with PLr A being the lowest safety required and PLr E being the highest safety required. The PLr is an output which is the average probability of failure rate per hour of operation.
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[bookmark: _Ref164351669][bookmark: _Toc164797183]Figure 6 - PLr Graph Key to select the minimum PLr required for the safety function [6]
Several factors can determine the average probability of failure per hour (PFH). These can be down to (MTTFd) which is the mean time to dangerous failure. The structure of the software and hardware, design process, the procedures carried out in the system as well as the conditions the system is exposed to. [1]
[bookmark: _Toc164797364]IEC 62061

Within Machinery safety there is also a SIL level which is defined by the standards IEC62061. The SIL levels range from SIL 1 to 4. With 1 being the lowest protection and 4 being the highest.
Determining whether SIL Rating standards IEC62061 would be used or a PLr and standards ISO 13849-1 depends on the technology and the risk assessment. Table 1 shows a side-by-side comparison of the two applications. When using an electrical-only system, IEC62061 would be used and if required to use Hydraulic, pneumatic or electromechanical systems then the standards ISO 13849-1 will come into place. [7] [3]
[image: A table of information about electrical systems

Description automatically generated with medium confidence]
[bookmark: _Ref164101450][bookmark: _Toc164797340]Table 1 - Comparison of two standards to abide by when designing a safety process requiring machinery safety [7]

[bookmark: _Toc164797365]EN 954-1

Machinery categories are from the standards EN 954-1. The categories for the SRP/CS are decided upon with the equipment or circuits occurrence to a fault. The categories are decided upon with a risk assessment like Figure 5, this is shown in Figure 7. Figure 7 - Risk assessment chart used to select Categories of Safety-related parts of control systems (SRP/CS) [8]
[image: A diagram of a hazard

Description automatically generated]
[bookmark: _Ref164351822][bookmark: _Ref164351817][bookmark: _Toc164797184]Figure 7 - Risk assessment chart used to select Categories of Safety-related parts of control systems (SRP/CS) [8]
Equipment category ratings are allocated from Category 4 to 1 and B. These categories determine how the equipment behaves under certain fault conditions. [9] Table 2 has a brief breakdown of each of the category levels and their requirements. 
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[bookmark: _Ref164351889][bookmark: _Toc164797341]Table 2 - Requirements of each level of category for Safety Related Parts of control systems (SRP/CS) [8]
Within Table 2 from the standards EN-954-1 is a breakdown of requirements for the SRP/CS of the SIS. As Category 3 was specified in the scope for the SIS the design required to have a redundancy in place for each of the parts. The parts are also required to give feedback on a fault if they were to occur. 
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Upon Research of the system in place different equipment to be used had to be chosen and methods of creating the SIS.
The system's function was shown to give a better understanding of the project. The tilter can be moved due to an air supply. Therefore, the first idea that came to mind to set up the SIS would be to isolate the supply to the tilter when it is not in a safe state to be tilted. A SIS is a system that carries out one or more Safety instrumented functions (SIF). Equipment that can be used when designing a SIS are:-
· Pushbutton’s
· Proximity Sensors
· Solenoid Valves
· Position Sensors
· Pressure Sensors
· Encoders/inclinometers
· Safety PLC’s
· Safety Relays

The first thought of the interlock system was to ensure the driver's safety therefore installing a pushbutton and traffic lights beneath the cast house would allow the driver to notify the operators they’ve left the area and indicate to them when they can re-enter. A pushbutton in the cast house can be used by the operator to request a green light to give safe passage beneath to the driver.
The green light will not be indicated green unless all the interlocks put in place are healthy or in the correct state specified. With the use of proximity sensors and an encoder, an interlock function can be put in place to ensure the angle of the tilter is correct for a green light. The encoder is used as a backup to confirm the angle of the tilter. 
As we discussed isolating the air supply to the tilter equipment can be used such as solenoids, pressure switches and limit switches. The design and build of a safety valve enclosure was given to a colleague after assisting them with the selection of components. The design is shown in Figure 15.
A PLC control panel and an HMI panel are to be designed and used within the project but will be built by a subcontractor. The selection of PLC components to be contained in the control panel was done by ourselves and agreed upon by ourselves and the contractor that the components were compliant and met the standards. Each component will feed back to a PLC to give the status which will dictate whether a green light can be turned on or not. 






[bookmark: _Toc164797367]Existing safety interlock systems

Before designing the safety interlock system existing processes that use safety interlock systems were researched. Some examples of existing systems include -
[bookmark: _Toc164797368]Ignition interlock devices

The ignition interlock device is installed within vehicles and was first brought out in 1969. The goal of the interlock function is that the vehicle can not be started without the breath analyzer being blown into first. If the driver is under the alcohol limit the vehicle can be started and if the driver isn’t under the alcohol limit then the vehicle will not be able to start. Research carried out shows that the alcohol vehicle interlock would prevent 83% of alcohol-related fatality crashes which shows this interlock system makes a process safer. [10] [11]
[bookmark: _Toc164797369]Gas Safety Interlock System

Another example of a small safety interlock system is a gas interlock system. Gas interlock systems are found in commercial kitchens that require the interlock system by law in the UK. The interlock system works by turning off all the gas supplies to the kitchen if the ventilation of the kitchen is off and not working effectively. This in return will increase the safety in the kitchen by ensuring proper ventilation is present and that the build-up of toxic gases such as carbon monoxide and nitrogen dioxide is not possible. [12] [13]















[bookmark: _Toc164797370]Selection of components

With the knowledge gained from researching SIS’s and understanding Safety Functions and the regulations required to be met, it made the selection process of the SIS easier. There are a wide variety of companies that create safety-rated equipment that can be used for the system therefore finding the right kit required was important. It was also important to ensure the client was happy with the selections and that the chosen equipment was compatible with the existing SCADA systems within Tata Steel. Firstly, the PLC components were researched. 
[bookmark: _Toc164797371]Safety Rated PLC Comparisons

	Component -
	[image: A yellow device with a screen and a screen

Description automatically generated]
Pilz PNOZ m B1 Safety Controller [14]
	[image: A yellow electronic device with dials
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ABB SM560-S:AC500 Safety CPU [15]
	[image: A red and black electronic device
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Allen Bradley Compact Guardlogix 5380 5069-L310ERS2K [16]


	No of I/O’s-
	4
	0
	16 additional I/O modules

	Price-
	£450.77
	£1,136.70
	£3,224.14

	Expansion Compatible?
	Yes
	Yes
	Yes 

	SIL / PLr / Cat Rating?
	SIL 3 / PL e / Cat. 4
	SIL 3 / PL e
	SIL 2 / PL d / Cat. 3

	Additional Features-
	2x Ethernet Interfaces
LED LCD Display
24VDc Supply
SD Card Compatible
	24VDc supply
Profitnet compatible used with additional non safety CPUs

	1 USB Port
2 Ethernet Ports
Conformal Coating
SD Card Compatible


[bookmark: _Ref164101453][bookmark: _Ref164101436][bookmark: _Toc164797342]Table 3 - Comparison of different Safety Rated PLC CPUs
Table 3 is a comparison of different safety CPUs that were to be used for the project. Each of the CPUs from a machinery safety perspective met the requirements for the project. The prices differ massively from one another. The Pilz PNOZ PLC and also the Allen Bradley Guardlogix can work as a stand-alone with I/O’s integrated within if the right number of I/O’s are available. The Allen Bradley has a huge 16 number of I/O’s available. Each of the CPU’s are compatible with ethernet for ease of communication between different devices. The initial chosen PLC was the Pilz PNOZ kit. This was due to the lower cost as well as meeting the requirements. Due to lead times on the initial choice of PLC, an alternative was chosen which is the Allen Bradley PLC. This was a large increase in the cost but the client requested this option.


[bookmark: _Toc164797372]Safety Analog I/O Modules

The I/O modules used for comparison must be compatible with the chosen Safety PLC Controller. 
	Component- 
	[image: A yellow electrical box with black text
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ABB AI581-S Safety Analog Input Module [17]
	[image: A yellow and clear device
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Pilz PNOZmulti2 Analog I/O Module PNOZ m EF 4AI [18] [19]
	[image: A red electronic device with a label
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Allen Bradley Point I/O 1734-IE4s Analog safety input [20]

	No of I/O - 
	4 inputs/Ouputs
	4 inputs/Outputs
	8 Inputs/Ouputs

	Price?
	£413.10
	£674.37
	£864.98

	SIL / PLr / Cat Rating?
	SIL2
	SIL3 / PL e / Cat. 4
	SIL 3 / PL e / CAT. 4

	Additional Features-
	24VDC
Overvoltage protection
Reverse polarity protection
	4-20mA or 0-25mA measurement range
24VDC supply
0-60C operating range

	4-20mA or 0-20mA measurement range
24VDC supply



[bookmark: _Ref164351996][bookmark: _Toc164797343]Table 4 - Comparison of different Safety Analog I/O Modules
Table 4 is the comparison of different safety analog I/O modules for the PLC system. Each of the analog modules meets the requirements of the client. They all operate similarly with measurement ranges in the 4-20mA range or 0-25mA. The ABB and Allen Bradley modules have additional terminal racks that the cards are inserted into and the Pilz has terminal banks that are required for connection. The Allen Bradley module has double the amount of I/O’s over the other two modules. Allen Bradley Point I/O is the analog module that is to be used for this project due to the PLC selection in Table 3.











[bookmark: _Toc164797373]Safety Digital I/O Modules

The I/O modules used for comparison must be compatible with the chosen Safety PLC Controller. 
	Component- 
	[image: A yellow box with buttons and numbers
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ABB DX581-S Safety DIGITAL Input/Output Module [21] [22]
	[image: A yellow box with black text
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Pilz PNOZ m EF Digital I/O Module PNOZ m EF 4DI4DOR [23] [24]
	[image: A close-up of a red and grey device

Description automatically generated]
Allen Bradley Point Guard I/O 1734-OB8S (output) 1734-IB8S (input) 

	No of I/O - 
	4 inputs/Outputs
	4 inputs/Outputs
	8 Inputs/Outputs

	Price?
	£387.90
	£332.91
	£389.54

	SIL / PLr / Cat Rating?
	SIL2
	SIL3 / PL e / Cat. 4
	SIL 3 / PL e / CAT. 4

	Additional Features-
	24VDC
Overvoltage protection
Reverse polarity protection
8 Transistor Outputs
	24VDC supply
0-60°C operating range
Failsafe
4 Safe relay outputs
IP20 Rating
	Pulse width of 475μS
24VDC supply
-20°C to +55°C temp range
Short circuit detection


[bookmark: _Ref164352064][bookmark: _Toc164797344]Table 5 - Comparison of different Safety Digital I/O Modules
Table 5 is a comparison of the digital I/O modules of the PLC system. The Prices are relatively even with Allen Bradley module having double the amount of I/O’s over the other two modules. Each of the specifications is very similar to the comparisons of the analog I/O’s in Table 4. The module can be operated in dual or single-channel mode. The module can be used to detect faults and switch the output off until the fault has been cleared. Due to the CPU Being the Allen Bradley, that’s the digital I/O cards that are to be used for the project. [25]










[bookmark: _Toc164797374]HMI Selection

For the project, an HMI control panel is to be used to display statuses and diagnostic information of different components. 
	Component- 
	[image: A computer screen with a diagram of machinery
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10” Red-lion HMI Touch Screen CR30001000000420 [26] [27]
	[image: A close-up of a tablet
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Pilz 7” PMI v707e HMI [28]

	[image: A close-up of a screen
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Allen Bradley Panel View 800 Series Touch Screen 7” HMI 

	No of communication ports -
	2 RS-232
1 RS-422/485
1 Ethernet Port
1 USB 2.0 Host
	1 USB 2.0 Host Type A
1 RJ45 Port
	1 RS232
1 RS422/485

	Price?
	£2,315.50
	£729.71
	£832.05

	SIL / PLr / Cat Rating?
	Not Safety Rated
	Not Safety Rated
	Not Safety Rated

	Additional Features-
	24VDC supply
-20°C to +60°C temp range
Atex Rated
Built in Web Server
256MB ROM
Real-Time Clock
	0°C to +50°C temp range
512MB RAM
Real-Time Clock
24VDC supply

	0°C to +50°C temp range
256MB ROM + RAM
Real-Time Clock
24VDC supply
800Mhz CPU Speed


[bookmark: _Ref164352123][bookmark: _Toc164797345]Table 6 - Comparison of Different HMI Screens
Table 6 is a comparison of different HMI screens that can be used for the project. All the HMI’s could be used for the project. From the three choices, the Red Lion monitor was the chosen one with Tata Steel also assisting with the decision and opting with that from the proposed screens. This allowed the monitor to be remotely accessed and controlled via the web server, It can communicate with 300 different protocols and also communicate with up to 10 different protocols simultaneously. The monitor has expansion ports for select add-ons of different network modules also so has a large flexibility to connect to the existing Tata systems. 






[bookmark: _Toc164797375]Encoder/Inclinometer Selection

Different Encoders or inclinometers were researched to determine which one would be best for the project. This equipment will be used to give an analog signal of the tilter angle. 
	Component- 
	[image: A blue box with a white label
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SICK TMS88B-AKC360 Inclinometer [29]
	[image: A red round object with a yellow knob
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Rockwell Automation Encoder 843ES-SIP8BA6 [30]

	[image: A close-up of a small metal device
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IFM Absolute multiturn encoder with solid shaft RM9007 [31]

	Measurement range -
	360° (single-axis) or ±90° (dual-axis)
	Multi-Turn / 360°
	Multi-Turn / 360°

	Price?
	£246.91
	£2,840.77
	£316.30

	SIL / PLr / Cat Rating?
	Not Safety Rated
	SIL 3 / PL e / Cat. 3
	Not Safety Rated

	Additional Features-
	Configurable 0 Point.
Accuracy of +/- 0.02°.
Current or Voltage interface or CANopen interface.
Fully encapsulated Electronics. 
299 Years MTTF
	Ethernet IP Interface.
IP67 Rating.
Five Safe Stop functions and three Safe Monitoring functions.
	CAN communication interface
24VDC Operating Voltage.
Resolution - 0.08° 
IP65 Rating
240 years MTTF 


[bookmark: _Ref164352201][bookmark: _Toc164797346]Table 7 - Comparison of Different Encoders
Within Table 7 is different encoders that could be used for the project. Each encoder can carry out the tasks required for the project. The Rockwell automation encoder’s price is a lot higher than the other two encoders that were looked at. The Rockwell automation encoder is the only safety-rated encoder but as we’re using the encoder as a secondary measurement and not as a safety function the safety rating isn’t required. The initial proposed encoder was the Sick TMS88B-AKC360 Inclinometer. This inclinometer was low-priced and met the requirements of the project. It would give an analog 4-20mA signal to the PLC. Due to the long lead time of the product, Tata opted to go for the safety-rated Rockwell encoder. This in return meant that the signal was now being fed back over ethernet directly to the ethernet switch on the PLC. The encoder is to be installed within a stainless-steel box as shown in Figure 112.




[bookmark: _Toc164797376]Proximity Sensor Selection

Research was carried out on different sensors that met the required specifications.
	Component- 
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ALLEN-BRADLEY 440N-Z21S17B Guard master non contact switch [32] [33]
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SICK IN40-D0303K Inductive Sensor [34] [35]
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IFM GF854S Fail-Safe Inductive Sensor [36]

	No of Outputs -
	2x PNP Safety Outputs
1x PNP Auxiliary Outputs
	1x Safe Output
	2x PNP OSSD

	Price?
	£202.18
	£147.58
	£85.30

	SIL / PLr / Cat Rating?
	SIL 3 / PL e / Cat. 4
	SIL 3 / PL e / Cat. 4
	SIL 2 / PL d / Cat. 2

	Additional Features-
	10m Cable
385 Years MTTF
Large Sensing Distance
IP69K Rating
24VDC Operating Voltage
	24VDC Operating Voltage
15mm Sensing Range
IP69K Rating
Plug Connector type
	5mm sensing distance
IP69K Rating
5mS response time
Short circuit and overload protection


[bookmark: _Ref164352277][bookmark: _Toc164797347]Table 8 - Comparison of Different Pressure Switches
Table 8 shows the comparisons of different proximity sensors to be used for the project. Each of the proximity sensors is safety-rated and has an IP rating of IP69K which is good due to the location they’re to be installed. The proximity sensor will give a digital input to the PLC to confirm when the tilter has reached a certain tilt. The initial chosen inductive sensor was the SICK IN40-D0303K, this met all the requirements needed but due to the long lead time, the Allen Bradley sensor was then used. The Sensor had a 10m pre-made cable and had two data transmitting lines which acted as a redundancy to give two data outputs so that if one of the outputs were to fail, the PLC would pick up a time delay between the inputs and flag a fault.









[bookmark: _Toc164797377]Development Methodology
[bookmark: _Toc164797378]Waterfall Project Management Method

The development methodology used for this project is the waterfall project management method. This method best suited this project and how it was going to be managed. The 5 different stages within the waterfall project management method are as below – 
1. Requirements and Planning – In this stage of the project the client proposed to us a scope of what was required for the project. We as a company picked up the scope and designed what we believed the client was requesting.
2. Design – In this stage of the development methodology all the different aspects of design were created and proposed to the client so that any changes can be made early and to ensure the client's requirements have been met.
3. Implementation – In this phase of the project the proposed design is to be worked on, where the construction boys on site pulled in all the cables and installed all of the containment needed on site. The PLC specialist put together the PLC program while the remaining design was done by the relevant engineers. 
4. Verification & Testing – The system in this phase undergoes tests to ensure that components are working correctly and the system is designed and working as requested. Pre-factory acceptance tests will be carried out by the PLC specialists on the PLC program as well as functionality checks on components on site. A commissioning report & test was required to be written and carried out by ourselves in the project to verify the system. 
5. Maintenance – The system is to be maintained by the Tata Steel Engineers following guidelines for annual maintenance checks on machinery safety equipment. [37]
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[bookmark: _Toc164797185]Figure 8 - The 5 Stages of a Waterfall Project Management Method [37]
[bookmark: _Toc164797379]Advantages of the Waterfall Management Method –
· Money & Time Saved – Using this method ensures that the early stages of the design are checked thoroughly and agreed on by the client, this limits the amount of time & money spent
· Monitoring Progress – Due to the stages of planning made clear it's easy to monitor the project progress and ensure milestones are being met
· Ease of following – using this method when new members join the project they can easily pick up where the project is at using existing documentation designed in the early stages

[bookmark: _Toc164797380]Disadvantages of the Waterfall Management Method- 
· Efficiency – Due to large phases of the project being worked on after one another this can affect the efficiency of the project
· Resistant to change – If a problem hasn’t been picked out in the early stages changes later on in the project usually require large changes. [37] [38]

Different software was required to be used to complete the project. The most notable design packages that were required were –
· Rockwell Studio 5000
· AutoCAD
· Siemens TIA
· Factory I/O

For designing the site documentation, AUTOCAD was used. This is a design software package that we’re familiar with using for other projects. The PLC engineers used Rockwell Studio 5000 to design and build the full PLC ladder logic. Siemens TIA and Factory IO will be used to design the PLC ladder logic for the demo of the project and to simulate its function within Factory IO. The factory IO is required for the project to be demonstrated at the end due to the scale of the project with Tata Steel and not being able to show the project functioning.
The PLC is to be designed in ladder logic due to its simplicity of reading as well as troubleshooting. 










[bookmark: _Toc164797381]PROJECT DESIGN

After meetings and discussions with the client a better idea of the client's requirements assisted with the final design choices of the project.
A site visit was carried out to see where the system was required to be installed on the plant and what components could be added to the system to be used to interlock and make the process safer.
Due to the machinery safety standards, dual feedback was required from components and also redundancy on components so that some equipment would stay on if failed. 
After the PLC components were specified, it was the task of the PLC contracting company to design a PLC panel and HMI Panel for the project using the components selected. The PLC Company were also tasked with building the PLC ladder logic for the project.
The Inputs and Outputs of the Project were selected and confirmed alongside the PLC engineers and confirmed by the client they were happy before progressing. It was also important to show each phase of the project to the client so that they were on board. 
The tasks carried out myself were project managing the project and designing the projects cable block diagrams, loop drawings, and cable schedules. I also had to select components to be used, specify each of the inputs and outputs to be used for the project and write and carry out a full commissioning report at the end.
My colleagues were tasked with designing the safety valve enclosure and installing it together within a panel as seen in Figure 15 and Figure 118.
















[bookmark: _Toc164797382]Requirements

Name
Safety Interlock System Design on the tilters within Blast Furnace 4 Tata Steel.
Purpose 
To provide a safe working environment for the employees within the area.
I/O’s of Project
Inputs –
· 4x Green Pushbuttons – These will be used to request the traffic lights to go green
· 4x Red Pushbuttons – Will turn the iron road light and corresponding cast house light to red when pressed
· 8x Proximity Sensors – 4 each will be used on each tilter to display the angle of the tilter either clockwise or anticlockwise 
· 2x Encoders – Will be used as a secondary measurement of the tilter angle to ensure the tilt is In the correct position before a green light can be initiated
· 6x Limit Switches – 3x Tilter Valve Position Indicators in each tilter valve enclosure (1 for each tilter) to feedback status of the valves
· 2x Pressure Switches – 1x in each tilter valve enclosure used to confirm the status of the air supply in the airline
· 8x Current Monitoring Devices – 4x on each tilter to indicate whether there is current from the traffic lights and they’re functioning
Outputs - 
· 8x Traffic Lights – 4x traffic lights on each cast house, 2x on the iron roads and then 2x corresponding traffic lights on the cast house.
· 6x Solenoid Valves – 3 solenoid valves will be within each tilter valve enclosure that operate the valve status

Types of Data
Digital Inputs – 
· 4x Green Pushbuttons
· 4x Red Pushbuttons
· 8x Proximity Sensors
· 2x Pressure Switches
· 6x Limit Switches
· 8x Current Monitoring Devices
Analog Inputs –
· 2x Encoders
Digital Outputs –
· 8x Traffic Lights (8x Green LED’s + 8x Red LED’s)
· 6x Solenoid Valves


Functions
The Request for a green light to be given to the train driver relies on the status of multiple inputs being correct before the output can be given. This includes isolating the tilter, the tilter being tilted in the correct position, and no faults being present. When a red light is requested, the red light will override a green light.
Performance
The performance of the of the system was simulated as early as possible in the project to ensure it would work as it should, otherwise if the tests weren’t carried out early and later in the project there would be less time to rectify faults.
Manufacturing Cost
The overall cost of the project amounted in the region of £500,000. My Role in the project involvement was up to 60% of the projects value. From organising Labour to carry out the tasks on site, designing drawings so that work could commence, selection of important equipment and liaising with a sub-contracted PLC company to build the PLC cabinet and the PLC program. And liaising with the sub-contracted mechanical company to re-route the airline to the tilter through the newly designed safety valve enclosures.
Non-Requirement Engineering Costs
The non-requirement engineering costs that were needed in this project were just fuel from my home to the site in Tata Steel Port Talbot.
















[bookmark: _Toc164797385]Cable Block Diagram
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[bookmark: _Ref163496354][bookmark: _Ref163496316][bookmark: _Toc164797186]Figure 9 - Blast Furnace 4 Cable Block Diagram
Figure 9 is an example of the final revision of the cable block diagram. This gives a clear indication of what components go where and what connects them. This was used by the electricians on site to progress with the work regardless of PLC and component setbacks. A larger look at the cable block diagram is shown in Appendix 5.










[bookmark: _Toc164797386]Cable Schedule
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[bookmark: _Ref164352380][bookmark: _Toc164797187]Figure 10 - Cable Schedule of BF4 Tilter Project
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[bookmark: _Ref164352383][bookmark: _Toc164797188]Figure 11 - Cable Schedule of BF4 Tilter Project Continued..
Figure 10Figure 11 show the Blast Furnace 4 cable schedule designed so that the electricians on site could use it to pull in cables from A to B. This cable schedule also gave them an idea of what is doing what and why, what cable size is required to be pulled and what glands are required. The Cable IDs of each cable are also displayed so that the same tag can be put on the cable on site. The cables were screened where appropriate to minimize noise interference on the analog signals. The cables were to be clipped in metal ties to adhere to the BS7671:2018 Requirements for Electrical Installations. [39]

[bookmark: _Toc164797387]Loop Drawings

An Example of some loop drawings is shown below in Figure 12,Figure 13 andFigure 14. The full loop drawings are shown in Appendix 5.
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[bookmark: _Ref164100246][bookmark: _Toc164797189]Figure 12 - Blast Furnace 4 South Cast House Traffic Lights Loop Drawing
Figure 12 is the loop drawing showing the connections for the traffic lights in the field and in the PLC enclosure.
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[bookmark: _Ref164100371][bookmark: _Toc164797190]Figure 13 - BF4 East Cast House Safety Valve Enclosure Loop Drawing
Figure 13 shows the wiring connections in the safety valve enclosure and back to the PLC enclosure and I/O Cards.
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[bookmark: _Ref164100635][bookmark: _Toc164797191]Figure 14 - BF4 East Cast House Tilter Shaft Loop Drawing
Figure 14 shows the connections for the East cast house titler shaft. The proximity sensors and encoder were put into a local JB before all travelling on one multicore cable. The multicore cable was individually screened to ensure electrical interference noise was reduced on each signal. Each proximity had dual feedback of the status. 












[bookmark: _Toc164797388]Safety Valve Enclosure Schematic
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[bookmark: _Ref164357306][bookmark: _Toc164797192]Figure 15 - Safety Valve Enclosure Schematic
Figure 15 is the safety valve enclosure which was designed by my colleague and built by our pipe fitters. The airline was diverted into this box before the tilter so that the air supply could be controlled by the SIS. It contains 3 solenoids, 3 valve indicators and a pressure switch.











[bookmark: _Toc164797389]On site Design and Images
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[bookmark: _Ref164353505][bookmark: _Toc164797193]Figure 16 -Overview of East Cast House Tilter shaft, proximities and encoder
Figure 16 shows the onsite installation of the proximity sensors for the tilter angle and the encoder within the stainless steel box. The wheel is used to manually tilt the tilter. 

[image: A machine with a large wheel

Description automatically generated with medium confidence]
[bookmark: _Ref164354279][bookmark: _Toc164797194]Figure 17 - Rear of East Cast House Tilter Shaft
Figure 17 shows the rear of the East titler shaft, the tilter is currently missing as it was taken out for cleaning during a shutdown, but the shaft controlling the tilt of the tilter is visible. 



[image: A white machine with buttons and a screen

Description automatically generated]
[bookmark: _Ref164354813][bookmark: _Toc164797195]Figure 18 - BF4 HMI Panel
Figure 18 is the blast furnace 4 HMI panel. The HMI panel has the green light request buttons for all iron roads A to D.
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[bookmark: _Ref164355542][bookmark: _Toc164797196]Figure 19 - East Cast House Safety Valve Enclosure
Figure 19 shows the east cast house safety valve enclosure with the air supply running through it. 
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[bookmark: _Ref164355690][bookmark: _Toc164797197]Figure 20 - East Cast House Tilter Encoder
Figure 20 shows the east cast house encoder enclosed within a stainless steel box for protection.
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[bookmark: _Ref164356286][bookmark: _Toc164797198]Figure 21 - Closer image of East Cast House Safety Valve Enclosure
Figure 21 shows a closer look at the east cast house safety valve enclosure. Valves KV-41A and B are shown closed, the KV-41C drain valve open and the pressure switch PSL-41. The remaining on-site images are shown in Appendix 3.



[bookmark: _Toc164797390]Design Build/Prototype

Due to the project being large-scale within Tata Steel and unable to be presented at university, I am designing a replicate of the project within Siemens TIA and simulating it within Factory I/O to show how the project will function. The designed ladder logic on Siemens TIA will not be as complex as the design on site.
[bookmark: _Toc164797391]Flow Charts

Flowcharts were designed in the early stages of the project to get an understanding of how the SIS is going to operate, as well as show them to the client so that they can agree or disagree with the functions. The process designed will follow the steps of the flowcharts.
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[bookmark: _Ref164352457][bookmark: _Toc164797199]Figure 22 - Flowchart Demonstrating the air solenoid operation and the function of the green LED illumination
Figure 22 shows the flowchart demonstrating the function of the green lights and the solenoids to either pressurize the tilter or to vent the air supply and inhibit any movement from the tilter.
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[bookmark: _Ref164352469][bookmark: _Toc164797200]Figure 23 - Flowchart to show the Green Light Illumination Procedure

Figure 23 shows the steps required for the Green light to illuminate. If there are no faults present, the pressure switch pressure is under 0.5 bar and the Solenoids have been requested to close, then the green light can be illuminated.
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[bookmark: _Ref164352501][bookmark: _Toc164797201]Figure 24 - Flowchart showing procedure for Red light to be illuminated
Figure 24 shows the procedure for illuminating the red traffic light. The red light shall be illuminated when the operator presses the Iron Road (red light) push button and the green light is off. 

The red light shall be switched off if all the following conditions are true: 
• Air solenoid is requested to close
• No pressure was detected after the solenoid valve 
• No Faults active
 










The fault detection within the system was in place to monitor the following faults –
• Pressure Switch Failure 
• Any Green LED Fault 
• Air Pressure Failure 
• Failed to Isolated Air Pressure 

Any of these will cause a fault. The flowchart for each Fault is shown below in Figure 25, Figure 26 and Figure 27.
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[bookmark: _Ref164352552][bookmark: _Toc164797202]Figure 25 - Flowchart Displaying a Green LED Fault
The traffic lights will be monitored by current measuring devices to confirm whether the green LED is present when the air solenoid is energized, and air is isolated to the tilter. 
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[bookmark: _Ref163496570][bookmark: _Toc164797203]Figure 26 - Flowchart Displaying Air Pressurisation Failure
Figure 26 shows that if the solenoids haven’t been requested to close and there’s air present in the pressure switch then there’s a valve opening failure.
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[bookmark: _Ref163496599][bookmark: _Toc164797204]Figure 27 - Flowchart to show Failed to isolate fault
Figure 27 shows that if the solenoid valves have been requested to close and the pressure is still above 0.5 bar on the pressure switch then the system has failed to isolate the pressure.
The pressure switch fault becomes active due to two inputs being monitored from the switch and compared. The Pressure Switch failure shall be activated if the inputs are different for a given time.














[bookmark: _Toc164797392]PLC Ladder Logic Design

Using Siemens TIA Software a PLC ladder logic program was designed.
PLC I/O’s
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[bookmark: _Ref163499661][bookmark: _Toc164797205]Figure 28 - PLC Tags 1 to 33 of the PLC Ladder logic program
Figure 28 is the PLC tags 1 to 33 within the PLC program designed. The inputs and outputs of the east cast house tilter can be displayed on the screen. The addresses “I” for input, “Q” for outputs and “M” for memory bits. Memory bits can be set and reset by inputs and outputs within the PLC program and are not physical I/O’s. There are 120 PLC tags within the program and the remaining tags can be found in Appendix 1.






Instruction Keys within Siemens TIA

	NAME
	IMAGE
	TASK

	PULSE TIMER
	[image: A screenshot of a computer

Description automatically generated]
	The TP pulse timer is on while the timer is on and off all other times. The timer starts when the TP receives an input.

	ON DELAY TIMER
	[image: A screenshot of a computer

Description automatically generated]
	The TON time delays the output of the timer. When the TON receives an input, the output isn’t set on until the timer runs out.

	OFF DELAY TIMER
	[image: ]
	The TOF off delay timer delays the reset of Q for however long the timer is set for.


[bookmark: _Ref164352729][bookmark: _Toc164797349]Table 10 - Siemens TIA Instruction Keys
Table 10 shows the instruction keys of some of the commands within Siemens TIA. These 3 timers were used within my PLC Ladder Logic.












PLC Ladder Logic Networks

With the use of Siemens TIA, the program was designed. Below in Figure 29 is Network 2 which is the starting network. The start button is pressed to illuminate all the traffic lights to red, which is the desired starting status. Time pulses are used to set on the traffic lights and then the lights are required to be reset, which also uses a time pulse. How a time pulse works has been described in Table 10. When a green light is requested, the pulse stays active for 1 second. This gives enough time for the system to ensure all the statuses are correct for a green light so that the “iraok” contact can close and the red light for Iron Road A to be turned off. This is the same set-up for iron B, C and D.
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[bookmark: _Ref163576651][bookmark: _Toc164797206]Figure 29 - Siemens TIA - Network 2
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[bookmark: _Ref163577140][bookmark: _Toc164797207]Figure 30 - Siemens TIA - Network 3 Green light Controls
Figure 30 Displays the green light controls. When the green light pushbutton PB41A is pressed the “TOF” holds the status to active for 1 second to check if the status is okay to set the green light on. For the green light to be reset/turned off either the red light pushbutton PB41B is to be pressed or the memory bit “iraok” is no longer active which means the status of the tilter and system is not correct for a green light to be on or that a fault has occurred. For each of the different traffic lights on iron road A, B, C and D there are independent pushbuttons and memory bits that control the function of the lights. Irons Roads A and B do not correspond with Iron Roads C and D.
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[bookmark: _Ref163578652][bookmark: _Toc164797208]Figure 31 – Siemens TIA - Network 4 - IRA and IRB Healthy for Green Light

Figure 31 is the network that requires to be correct for a green light to be allowed to be turned on. “MB200” is a memory byte, which contains 8 bits within. If the “MB200” = 0 then the “iraok” output is active which in return keeps off the memory bit “IRA fault 2”. Memory bit “IRA fault 2” resets the solenoid valve controls shown in Figure 33. Within “MB200” are bits which have been chosen such as the faults shown in Figure 38 and Figure 39, the proximity sensor's statuses shown in Figure 32 and others.  These memory bits will be addressed into the memory byte 200 by using address numbers “M200.0” and “M200.1” up to “M200.7”. If either of these bits becomes active or a 1 then the condition “MB200” = 0 then becomes false and “iraok” becomes inactive. It’s crucial “iraok” is active for the green light to be allowed on when requested. This is replicated for each iron road using the components that apply to that Iron Road.
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[bookmark: _Ref163579306][bookmark: _Toc164797209]Figure 32 - Siemens TIA - Network 5 - IRA & IRB Proximity in correct position

Figure 32 shows bits which feature in the “MB200” and “MB300” in Figure 31. These bits require to be not active for the condition to be correct for the green light. Iron Road A requires the tilter to be tilted clockwise +4 degrees and higher and Iron Road B requires the tilter to be tilted anti-clockwise towards proximity sensor -4 degrees or -20 degrees.








[image: A diagram of a computer

Description automatically generated]
[bookmark: _Ref163579525][bookmark: _Toc164797210]Figure 33 - Siemens TIA - Network 6 – East cast house solenoid control
Figure 33 is the network that controls the output solenoids to open and close the valves when requested. The de-energized state of the safety valve enclosure allows the airflow to be present at the tilter so that it can be controlled in a fault state. The “sov control” memory bit can be set and reset with different pushbuttons and also faults. If a fault becomes active the fault must be reset before a green light can be made active. Both the iron road A and Iron Road B share the same valves Only one of the iron roads can have a green light active at one time, but both red lights can be active at the same time.
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[bookmark: _Ref163581909][bookmark: _Toc164797211]Figure 34 - Siemens TIA - Network 7 - IRA + IRB Green Light Request

Figure 34 is the network where the green light request is made. If the conditions are not correct, then the “IR FAULT” will reset the solenoid valve controls back to the red light condition. The “TOF” instruction keeps the pushbutton active for 2 seconds. The “TON” instruction will only send an output if the input is held on for the 2 seconds set, this is used to create a 2-second delay from when the green push button is pressed, enough time for the “iraok” or “irbok” to become active so that IR fault cannot become active. Figure 35 is the network that benefits from the 2-second delay, allowing the valves to be in the correct position when requested. 
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[bookmark: _Ref163582437][bookmark: _Toc164797212]Figure 35 - Siemens TIA - Network 8 - Valve Positions Correct for Green Light
Figure 35 Is the network line that ensures the valves are in the correct position for Memory bytes “iraok” and “irbok” to stay at 0. The inputs “ZSHL41A”, B and C are limit switches that correspond to the valve positions within factory IO. When the valves are in the correct position “iraok” and “Irbok” become inactive.
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[bookmark: _Ref163583474][bookmark: _Toc164797213]Figure 36 - Siemens TIA - Network 9 – Cast House Lighting Controlling Iron Road Lighting
Figure 36 shows the network where the cast house Iron Road A traffic light will control the Iron Road A traffic light as they both work in correspondence with one another. This applies to all iron roads A, B, C and D.
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[bookmark: _Ref163585204][bookmark: _Toc164797214]Figure 37 - Siemens TIA - Network 10 - Current monitoring devices

Figure 37 is the network that controls the current monitoring devices (CMD) inputs. Due to not being able to simulate current feedback from the lights within factory I/O the CMDs are active when the green lights are active. A normally closed gate is placed in between the CMDs and green lights which can be activated in the HMI screen to create a green led fault scenario.
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[bookmark: _Ref163666955][bookmark: _Toc164797215]Figure 38 - Siemens TIA - Network 11 - East Cast House Faults
Figure 38 is the network which features all the faults for the east cast house. The air pressure fault is caused when the pressure switch is inactive when the valves A and B are open, allowing air to the tilter. The failed-to-isolate fault is triggered when the pressure switch is detecting air but should be isolated. The fault memory bits are all within Memory Byte “MB101” which is deemed okay when the value of the faults is 0. When any of the faults become active the “ECH fault okay” memory bit becomes inactive setting a fault in the system. The fault is to be reset by using the reset button on the HMI screen in Figure 46.
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[bookmark: _Ref163728472][bookmark: _Toc164797216]Figure 39 - Factory IO - Network 11 Continued
Figure 39 is the continuation of network 11 faults. This displays the controls to set the Green LED fault. The condition must correct for the green light to be active, and if the current monitoring device doesn’t detect a current then the normally closed contacts “CR1” to “CR4” will become active allowing the “ECH Green LED Fault” to become active and flag a fault.
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[bookmark: _Ref163728818][bookmark: _Toc164797217]Figure 40 - Factory IO - Network 12 - Tilter Tilt Correct for Iron Road A Green Light
Figure 40 is the network that ensures the encoder is at the correct tilt for the Iron Road A green light, which is +4 degrees or higher clockwise (opposite direction of the Iron Road A). To simulate this process, a potentiometer is used within Factory I/O shown in Figure 50 which range is 0-10. Therefore 5 will be set as 0 degrees with 7.01 and 10.0 acting as the range of +4 to +20 degrees. When the potentiometer is set within that range the memory bit “7-10 tilt” will be active, opening the normally closed input and therefore memory bit “M200.3” will be inactive. 
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[bookmark: _Ref163729708][bookmark: _Toc164797218]Figure 41 - Factory IO - Network 13 - Tilt Correct for Green Light Request of Iron Road B
Figure 41 is the tilter angle to allow the green light to be activated on Iron Road B. The same set up as Figure 40 is used but the 0-3 range from the potentiometer acting as the -4 degrees and under tilter angle. The output will only be active when the real input from potentiometer 0 in Figure 50 is between 0 and 3.
The remaining networks of the PLC ladder logic are a replicate of the first 13 networks but the tags to suit the PLC tags of Iron Road C and D and the south cast house tilter. Therefore, the images aren’t included here and the full ladder logic can be seen in Appendix 1. Both the east cast house tilter and the south cast house tilter do not interfere with one another. 
While designing the PLC ladder logic minor problems were stumbled upon. Firstly I was not using the set and resetting of a PLC tag therefore it was hard to create a large program that would eventually be fighting against itself further down the line when more tags were implemented. After some further research, this was made aware to me and helped me rectify my problems. The use of timers also helped me with issues that arose to be able to delay inputs and outputs, implementing these allowed me to skip hurdles that were stopping me from progressing.








PLC HMI SCREEN

An HMI Screen was designed as a visual indication of the statuses of each of the components within the system. The HMI on site will sit on the control system on the cast house floor, which the operators have access to. The HMI screen is also used to reset either the south cast house tilter or the east cast house tilter. The faults are present within the HMI on a fault screen, where the faults will need to be reset using the fault reset button. 
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[bookmark: _Ref163730454][bookmark: _Toc164797219]Figure 42 - Factory IO - HMI Tags
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[bookmark: _Ref163730456][bookmark: _Toc164797220]Figure 43 - Factory IO - HMI Tags Continued
Figure 42 and Figure 43 are the HMI tags of the system. The HMI tags are used to be connected to lights and buttons on the HMI screen. Which are activated and deactivated by controls in the PLC ladder logic. The buttons on the HMI screen can be set to setting and reset memory bits on the ladder logic. The HMI tags are paired up with the existing PLC tag list.




[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref163731537][bookmark: _Toc164797221]Figure 44 - Siemens TIA - HMI Main Screen
Figure 44 is the main HMI screen. The left side of the screen features the statuses of the East Cast house traffic lights, whether there’s a fault active, or the controls to change to the other screens or reset the full East Cast house system. The same controls are replicated on the right for the south cast house tilter.
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[bookmark: _Ref163731765][bookmark: _Toc164797222]Figure 45 - Siemens TIA - East Cast House Safety valve enclosure and tilter angle indication statuses screen
Figure 45 is an example of the HMI screen showing the statuses of the valves, pressure switch, proximity sensors and encoder angle. As the system is de-energised here the valves A and B are open allowing air to the tilter, with the pressure switch detecting air and being on. 
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[bookmark: _Ref163732050][bookmark: _Toc164797223]Figure 46 - Siemens TIA - East Cast House Fault Screen
Figure 46 shows the East cast house fault screen. When either of the faults are active the light will be illuminated next to the description of the fault so the operator can see what fault has happened. A green LED fault can be simulated by pressing the fault simulation buttons on the left of the screen. The faults are required to be reset by pressing “reset faults” after a fault has occurred.
The south cast house fault screen and valve & tilter indication screen can be seen in Appendix 1 which are replicates of the east cast house screens in Figure 45 and Figure 46.









Factory I/O Build

Factory I/O was used to simulate the system and connect the PLC ladder logic too. Within factory I/O a PLC was populated with the I/O number matching the I/O numbers from the PLC tags in Siemens TIA. Components were used in Factory I/O to simulate the components on-site. The tags connected are shown in Figure 47. The inputs are present on the left and the outputs are present on the right. The “right positioner (clamp) 0-5” are the limit switches to indicate the valves are open or closed. The diffuse sensors are used for the proximity sensors and pressure switches. The start and reset buttons are the red light and green light buttons. Potentiometers 0 and 1 replicate the encoders on each of the tilters.
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[bookmark: _Ref163733245][bookmark: _Toc164797224]Figure 47 - Factory I/O - PLC Inputs & Outputs
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[bookmark: _Ref163733481][bookmark: _Toc164797225]Figure 48 - Factory I/O - East Cast house and South Cast house overview

Figure 48 is an overview of the system to be simulated within Factory I/O. With the control panel in the centre, the east-cast house system on the left and the south-cast house system on the right.













[image: A conveyor belt in a warehouse

Description automatically generated]
[bookmark: _Ref163733625][bookmark: _Toc164797226]Figure 49 - Factory I/O - East Cast House Tilter Safety valve enclosure simulation
Figure 49 replicates the safety valve enclosure, the conveyor belts are for visualisation of the air pipes. The clamp on the right is the drain valve KV-41C which is currently closed when de-energised. The two clamps on the left are valves KV-41A and B which are open allowing air to the tilter. 
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[bookmark: _Ref163734182][bookmark: _Toc164797227]Figure 50 - Factory I/O - East Cast House Traffic Lights and tilter angle simulations
Figure 50 shows the traffic lights that represent the Iron Road A and B lights. The two back lights are the iron road lights with the red light request buttons on them and the two front lights are the Cast house corresponding traffic lights. The box can be manually moved to trigger the sensors, +4 and +20 to the right of the box and -4 and -20 to the left of the box. The Enclosure features the potentiometer that is to be manually turned to replicate the encoder. 

[image: A white box with green buttons

Description automatically generated]Figure 51 shows the main control panel in factory I/O. The middle top button is pressed to initially start up the program. The two left green buttons are used as the Iron Road A and B green light requests with Iron Road C and D green light requests on the right.
A replicate of the system described in Figure 48, Figure 49 and Figure 50 is done on the other side for the south cast house tilter system.


[bookmark: _Ref163734611][bookmark: _Toc164797228]Figure 51 - Factory I/O - Simulation Main Control Panel
Factory I/O Testing

After both the ladder logic and HMI were designed, the program was connected to factory I/O to simulate and test the functionality. My Strategy was to put the system into different conditions to see how the system would react when pushbuttons were pressed. Firstly ensuring the system worked correctly when the right conditions were in place for a green light to be made active and then secondly putting the system into fault conditions and ensuring that the system done as planned. I purposely was trying to break the system to ensure that it was unable to be broken.
Some of the functionality checks carried out were as below.
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[bookmark: _Ref164358202][bookmark: _Toc164797229]Figure 52 - IRB Green light request when status is incorrect
Figure 52 the test was to request a green light for iron road B when the status was incorrect for a green light. The valves opened for a few seconds before closing. This was carried out on all iron roads and proved succesful.
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[bookmark: _Ref164358454][bookmark: _Toc164797230]Figure 53 - Requesting IRB Green light when IRA Green light is present
Figure 53 Was testing requesting a Green light for the opposite road when a green light was already present. Nothing happened which is correct, this test was carried out for all iron road green lights. The Light status on the HMI matches the light status on the field within Factory I/O.
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[bookmark: _Ref164358578][bookmark: _Toc164797231]Figure 54 - IRA Green Light on with Valve, Proximity and Encoder Statuses Correct
Figure 54 shows the HMI displaying the correct valve positions, proximity sensors active and encoder tilt as what is displayed in Factory I/O. This status allowed Iron Road A green light to be active.
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[bookmark: _Ref164360038][bookmark: _Toc164797232]Figure 55 - Air Pressure Fault Simulating by Opening PSL-41
Figure 55 displays an air pressure fault which was simulated by forcing the pressure switch to open. This means the pressure switch is not detecting any air when it should be, which caused the fault to be present. The fault required to be reset before the system could be controlled again. 
Every time the system went into a fault, the system was tested to see if it would function without resetting the fault, the system didn’t so the program worked as it should.
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[bookmark: _Ref164360533][bookmark: _Toc164797233]Figure 56 - Failed to isolate Air Supply Fault Simulation
Figure 56 simulated a failed-to-isolate air supply fault. This was done by forcing the pressure switch closed when the air supply should’ve been isolated and the pressure switch open. The System went into fault mode and was required to be reset.
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[bookmark: _Ref164360650][bookmark: _Toc164797234]Figure 57 - Simulating a Green LED fault on IRB
Figure 57 A green LED was simulated on Iron Road B. This was done using the fault simulations on the HMI. This put the system into a green LED fault mode.
Further functionality tests were carried out to ensure the system worked as it should in all conditions.
Site commissioning

The on-site commission of this project had been delayed to the middle of May therefore it has not commenced by the time of this project's end. The commissioning reports have been pre-written and ready for commissioning which have been approved by the client also. The commissioning reports can be seen in Appendix 4.

[bookmark: _Toc164797393]EVALUATION

After design, implementation and testing of the system, an evaluation could be carried out. The SIS system design worked as it should within Factory I/O, allowing the system to be tested within a controlled environment before implementing it on-site. Numerous interlock functions were implemented so that the right status of the tilter was important before giving a green light to the iron roads below, putting a locomotive driver in harm. I believe the right equipment was selected that suited the system on site and what I as an engineer had to work with. 
The objectives that I set for myself at the start of the project were met. Extensive research was carried out on different ways of implementing a SIS, and different components that could be used to create an interlock, ensuring they met the requirements of Machinery Safety as well as the requirements of the client. As I gave options to the client, based on different specifications and costs, but all could carry out the work required, I believe the costing was kept at a price that the client was happy with.
Another objective I set out was to carry out a full commissioning report of the system after it was designed and installed. Tying in with the engineers of Tata, we were allocated downtime on the blast furnace so we could successfully carry out a commission of the system, allowing us to operate the tilter while the plant was down to ensure that the system was working as designed and as requested. The commissioning was to be carried out over two weeks but had been postponed till the end of May 2024 which is after the hand-in date of this report. The commissioning process has been written and shown in Appendix 4 but the comments on how the system performed on-site cannot be commented on. The PLC program that was designed by the Subcontractor had been Factory acceptance tested and was successful, before trying it on-site in the commissioning phase.
Upon receiving the tender document from Tata Steel aims were set out to ensure the client’s requirements were met and that they going to be happy with the proposed solution and final package. This in return would provide a safer working environment for employees working on the process and around the process when it's functioning. Another aim set out was to provide the client with all the supporting documents to back up the safety interlock system and the work carried out within the project. This includes documentation such as machinery safety calculations, a successful commission of the process, wiring diagrams, cable block diagrams and cable schedules. 
The client received a full design package from start to finish featuring cable block diagrams, cable schedules and wiring diagrams designed within AUTOCAD to give guidance on how the system is connected and wired, which was an objective set out to meet the overall aim of the project.
The aims of the project were met as all of the project’s objectives were met. I believe the project to date was a success and believe the commissioning will also be a success due to the research carried out within the project and successful factory acceptance tests and simulations of the project. The only fallback of the project was the duration of completion which had been extended way past the initial proposed completion date. With the SIS now basically in place, I believe the process of tilting molten iron into the Torpedo beneath will be safer and minimise the risks of fatalities once made live. 
If I were to carry out the project again, I would ensure that the companies that were used to supply the components of the project could meet the time requirements that were set out for the project. 


[bookmark: _Toc164797394]CONCLUSIONS AND RECOMMENDATIONS 

After evaluating the project, I believe the project met the expectations I set myself. All the aims and objectives were met to date and followed throughout the project to ensure that I was staying on track. The Gantt chart was closely monitored throughout to ensure that the tasks were being completed in the time set to complete them. 
Looking closely at how I managed the design and controlling the project from a project manager's perspective I’m happy with how the project turned out. Minor setbacks in the duration of the project were due to issues out of my hands but in future I will ensure that issues like this can be avoided and backup plans are in place.
Getting out the design package early was important in this project to firstly show the work to the client to ensure they’re happy with the designs and that it meets the requirements they set out. Secondly, this was important so that I could get a first draft package out to the workers on site so that they could commence with all the cable pulls that were required. This allowed them to know where to pull cables from A to B, install containment in the relevant locations and install any of the equipment that came in earlier. This ensured that when the bulk of the equipment came in there was no setback with installing cables and containment. The labour on site provided me with red pen drawings of any changes that occurred while installing so that I could implement these and create a new revision of the drawings. 
After analysing the project properly, I believe there are future recommendations to propose if this project were to be carried out again or even require further work done to it. The first recommendation would be to have a sensor beneath the cast house on the iron road to be triggered when the train is in place, rather than relying solely on the red button being pressed to give the okay to the operators in the cast house. This will increase safety in the area so that the operators know fully when the train is in position and stop anybody from just pressing the button when the train isn’t in location for the molten iron to be poured into it.  This sensor could be implemented into the interlock system so that the system only works to the Iron Road if a train is present. 
A further recommendation within the Iron Roads is that the area be gated off from the public. The gates will be opened when a locomotive train approaches them and then when the area is vacated and the red button is pressed, the gates are locked until the green light is present again allowing the driver back into the area. This makes the area safer for the driver as well as others who may walk through the area without knowing the danger they may put themselves in without seeing the traffic light status.







[bookmark: _Toc164797395]REFLECTION

Overall I believe my time at the University of Wales Trinity St Davids has been a success studying BEng in Electrical and Electronic Engineering. I have learnt a lot about myself as a person and as an engineer. Taking a big leap from Neath College where I studied HNC to come and do my degree at the university was a huge step in the standard of work and hours required to be put in as a student. As a full-time worker as a design engineer in C&P Engineering Services Ltd where I’ve worked for 10 years, this made life tough and needing to juggle my priorities around to accommodate. I think I have done this successfully and have taught myself that if I want something I can go and get it and I have the right determination and drive. 
Having been working alongside carrying out this project it has been tough but has been beneficial. As I struggled to initially find a project to progress with I was lucky that we as a company won this project and I put myself forward to project manage it, for my benefit and that it had all the right stuff required for a final project. While carrying out the project I had to ensure that I had two goals in mind, to complete a successful project for my employers and the client and also to ensure I successfully track my progress and work throughout for the benefit of my degree. I took on this project as a huge step out of my comfort zone for myself where I would learn new skills as an engineer, especially with a new role of project managing such a large project. Unfortunately, the final project can't be shown within this report due to its sheer size so I believe I have done well on replicating the system myself within Siemens TIA and Factory I/O.
I have learnt skills that will help me progress in the real world as an engineer. This project threw numerous obstacles in the way such as the awkwardness of carrying out some of the work in some locations due to permit issues and also time management and being able to adjust and adapt to sudden changes. Due to the long issues I had with lead times on equipment I had to adjust the project to suit and also face up to the client to explain the issues present and ensure everyone was happy with the outcomes of the situations.
To wrap up my project at near enough completed this is the biggest amount of work I have had to do to date and I am massively proud of myself for completing it and look forward to using my new skill set going forward and also using it to help other young engineers like myself. Research carried out in the project has helped me navigate sites more clearly to get to what the project requires quickly. I’ve also gained further skills in designing PLC software and also using software such as Auto CAD.
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[bookmark: _Toc164797298]Figure 121 - Blast Furnace 4 Tilter Safety Interlock Control Panel Internals
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[image: A close-up of a machine

Description automatically generated]
[bookmark: _Toc164797300]Figure 123 - Blast Furnace 4 Tilter Safety Interlock Control Panel Internals 3
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[bookmark: _Toc164797323]Figure 146 - Tilter South Cast House Commisioning Procedure Page 1



[image: A close-up of a document

Description automatically generated]
[bookmark: _Toc164797324]Figure 147 - Tilter South Cast House Commisioning Procedure Page 2

[image: A paper with text on it

Description automatically generated]
[bookmark: _Toc164797325]Figure 148 - Tilter South Cast House Commisioning Procedure Page 3


[image: A paper with text on it

Description automatically generated]
[bookmark: _Toc164797326]Figure 149 - Tilter South Cast House Commisioning Procedure Page 4


[image: A paper with text on it

Description automatically generated]
[bookmark: _Toc164797327]Figure 150 - Tilter South Cast House Commisioning Procedure Page 5


[image: A paper with text on it

Description automatically generated]
[bookmark: _Toc164797328]Figure 151 - Tilter South Cast House Commisioning Procedure Page 6

2
Oliver Bunyan – 2116739
[bookmark: _Toc164797402]Appendix 5 – Site documentation (Wiring Diagrams, Block diagrams, cable schedules)

[image: A diagram of a computer

Description automatically generated]
[bookmark: _Toc164797329]Figure 152 - East Cast House Tilter Loop Drawing Full
[image: A diagram of a company

Description automatically generated]
[bookmark: _Toc164797330]Figure 153 - BF4 Tilter Block Diagram Full
[image: A diagram of a computer

Description automatically generated]
[bookmark: _Toc164797331]Figure 154 - BF4 South Tilter Loop Drawing Full
[image: A computer screen shot of a diagram

Description automatically generated]
[bookmark: _Toc164797332]Figure 155 - BF4 Tilter South Cast House Safety Valve Enclosure Full
[image: A computer screen shot of a computer screen

Description automatically generated]
[bookmark: _Toc164797333]Figure 156 - BF4 Tilter East Cast House Safety Valve Enclosure Full
[image: A diagram of a computer

Description automatically generated]
[bookmark: _Toc164797334]Figure 157 - South Cast House Traffic Lights Loop Drawing Full
[image: A diagram of electrical wiring

Description automatically generated]
[bookmark: _Toc164797335]Figure 158 - East Cast House Traffic Lights Loop Drawing Full
[image: A computer drawing of a machine

Description automatically generated]
[bookmark: _Toc164797336]Figure 159 - Safety Valve Enclosure GA Full
[bookmark: _Toc164797403]Appendix 6 – Project Gantt Charts


[image: A grid of blue and black lines

Description automatically generated]
[bookmark: _Toc164797337]Figure 160 - Project Gantt Chart 1 Full






[image: A grid of blue and orange lines

Description automatically generated]
[bookmark: _Toc164797338]Figure 161 - Project Gantt Chart 2 Full






[image: A grid of lines and a red and blue line

Description automatically generated with medium confidence]
[bookmark: _Toc164797339]Figure 162 - Project Gantt Chart 3 Full
image3.png
Prject | projectstan| roectend
R cuseon | e | " ome
Sy
urnace in TATA steel Project 75| oaoa/2022| os/os/z024
Apr22toMar2s | Apr23 T May23 T Junz3 T
s
oo Tekossapron o | Siose | edome
)
P T T o
L |emeocmmane
] o] wnand
E eV e s e
s e s compenrs o e o || iwowzonl ouosrned]
T
e s ooz
[ P
5 [cetovrs ndorer btmtemsiomee | ¢ | sz ooszes
i Toamerse E Nl e
o ot T M 7
oo o e el oy
1o |conmence s wckontre st e
using detailed design information whie bl
i or kgt cpmer ssosnons 1o
EE ot o N2 R e
FTam T Vo I TS
Fo R
26 _|nstal equipment within the blast fumace = 12/08/2023) 11/10/2023)
27| land cables and terminate equipment > 12/10/2023] 10/11/2023)
S e P e e
E T EE N e
| P e R
Fr o T o]
Eo e oo
S o oo
e P e R
v P e R
e ST s e e





image92.png
Network 18:
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C&P Functional Test Procedure - BF4 Tilter Angle Indication System

‘Equipment Required

Conirol System Wiring Diagrams
Laplop and a PLC Configurator
2 Walie Taks

Spri Lovel

Components Tested

Test Procedure 1/ Proximiy Sonsors - PROXATA PROXATB, PROXITC, PROXITD.
Encoder- X141

Test Procedure 2/ Proximiy Sensors - PROX42A, PROXAZB, PROXIZC, PROXE2D.
Encoder - X1-42

Functionalty Test Procedure for East Cast House Tikler Position indication

1. Obtain  Work Permi. the RAMS for wtich idontiy hat clarl danis th risks (0 pesornel
duringhis acivy. Ensure hat the correct PPE is wor at il mes a5 stated 1 the perma. Al
last frmace operators o know hat commissionng work s beng carmed ol Wi e area

2 Ask your colleague 1o visually inspect the east cast house ke 1o ensure i s in he nautral
posilon (0 Dogrees) using a spit lovel

3 Askie PLC Engneer t set the encoder XT-4110 0 Degrees.

4. Ask your coleague 1 aso check the HUI Panel 0 s f the HMI Screen is dsplaying the cast

ast house tier encider XT-41 1 e D degoes poston. I e ker & n he neutral postion
nputs 0107 on point U0 Rack 1, ot 2 shoud bo do-cnergised.

5. Ensure thathere s i present i the aifine 50 tha the Uher can be manually operated. Ths
can b carried out by checking nputs , 2 and 5 on pont O Rack 1, St 4 aro energised and
hat the main aline & de-isoaed

6. sk your coleague to manally Ut the e clockwise twards proximity sensor PROXATA (+4
Degees) and siop.
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(Check 0 see il inputs 0 and 1 on Paint 0 Rack 1, Skt 2 e now energized. Inpuls 27
Should st be de energized.

(Chck the HMI Panel o see that the HIA Screen s dispiaying tha the east cast house.
eriEncoder X111 Uhed +4 degrees.

1l the steps above have been deamed successiul move on L0 step 10, f the steps haven't
been deemed successiul, futher ivestigation s t be caried oul.

sk your collague o manuat Ut the e clockwise towards proximity PROXA1E (+20
Deglees) and sop

(Checkto see i inputs 2 and 3 on Paint 10 Rack 1, Skt 2 e now energized. Inputs 0,1 and
47 should be de-energied.

(Check the HMI Panel o see that the HIA Screen s dispaying thal he east cast house.
eriEncoder XT-11 & e +20 dogrees.

1l the steps above have been deamed successiul move on 10 siep 14, I the steps haven't
been deemed successiul,futher ivestigation s 1 be caried oul.

sk your collague o manuaty Ut the e counter-clockuise towards proximity PROXATC (-4
Deglees) and sop

(Check 10 see inputs 4 and  on Paint 10 Rack 1, St 2 are now energized. Inputs 03,6
and 7 shouid be de-energized.

(Check the HMI Panel o see that the HIA Screen s dispaying thal he east cast house.
eriEncoder XT-A1 f Uhed 4 degroes

1l the steps above have been deemed successiul move on 10 siep 16, the steps haven't
been deemed successiul,futher ivestigation s 1 be caried oul.

sk yourcollague o manual Ut the e uther oteer-clockvise owarcs prosimdy
PROYATD (.20 Dogroes) and Sop

(Check 10 see iinputs 5 and 7 on Paint 10 Rack 1, Skt 2 e now energzed. Inpuls 0-5
Should be de-energized.

(Check the HMI Panel o see that the HIA Screen s dispaying hal the aast cast house.
eriEncoder X111 Uhed -20 dogrees.

1l the steps above have been deamed successful the funclonsley o the proximily sensors.
and encoder on the eas cast house e working corrcty. I the steps haverit been deemed
Slccessiul uther esigaton f 0 b caried ou 1o anbize he correct funclonaily.
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sk your coleague 1o visual inspec the south casthouse iter o ensure & s in the neutral
posilon (0 Dogroes) wilo s a protractor

Askhe PLC Engineer 0 st the encoder XT-4210 0 Degrees
sk you colleague 1 aso check the HMI Panel 0 see i he HII Screen = dislaying the south
casthotso e encos X421 h 0t posian. I o e . h sl psion
s 0107 on point U0 Rack 2,50t 2 shoud bo do-onergised.

Ensure that there is a present n th aifine 50 tha the Uher can be manually operated. This
cambo carid by cockng i 0, 2and 5 an ot O Rack 2 Sl 41 anrgd and
hat the main avine s do- ot

sk your collague o manualy Ut th e clockis towards proximiy sensor PROXAZA (+4
Degrees) and siop.

Check 0 see i inputs 0 nd 1 on Paint 0 Rack 2, Skt 2 are now energized. Inpuls 27
Shoud sUl be de energized.

(Check the HMI Panel o see that the HAA Screen s dispaying ha the South cast house
ierfEncoder X142 & hed +4 degrees.

1l the steps above have been deemed successful move on 10 step . I the steps havert
baen deamed successiul, fuher inestigation s 1 b caried oul.

‘Ask your collague o manuaty Ut the e clockwise towards proximity PROXAZE (+20
Degrees) and siop.

(Check 10 see i inputs 2 and 3 on Paint 10 Rack 2, Skt 2 e now energized. Inputs 0,1 and
47 should be de energiec.

(Check the HMI Panel o see that the HAA Screen s ispaying ha the South cast house
ierfEncoder XT-42 s hed +20 degrees.

1l the steps above have been deamed successiul move on 10 siep 13, the steps haven't
baen deamed successiul, fuher inestigation s 1 b caried oul.

sk your collague o manuat Ut the e counter-clockuise towards proximity PROYAZC (-4
Degrees) and siop.

(Check 10 see i nputs 4 nd  on Paint 10 Rack 2, Skt 2 e now energized. Inputs 03,6
0 7 shouid be de-energized.
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15, Check the HMI Panel o see that the HAA Screen s dispiaying ha th South cast house
ierfEncoder XT-42 s thed -4 degroes

16 allhosteps above have boon doamed successful move o1 10 step 17. I the steps havert
baen deamed successiul fuher imestigation 1 b caried oul.

17, sk yourcollague o manuaty Ut the e uther coeer-clockvise towarcs prosimdy
PROYAZD (.20 Degrocs)

18, Check o see il inputs § and 7 on Paint 10 Rack 2, Skt 2 are now energized. Inpuls 0-5
Should be de-enerized.

19, Check the HMI Panel o see that the HAA Screen s dispiaying ha th south casthouse
ierfEncoder XT-42  hed -20 degrees.

20 Ifa the stops above have b deamed successtl thefunctonalty of the proximiy sensors
and encodor on ho st cast house aro working corrclly. I ho ieps haven' boon deemed
Successiul. uther invesigation o b caried o 0 ensure the corrctfunclonaly

‘Procedure Sign Off

1 hereby confim tha the above procedure was successiul and that the BF4 Proximiy Sensors and
Encoders Functionalty behaved n accordance with th procedure and s beleved Lo cperatig corecty
at s tme.

Signed on behall of CaP Engineering
Signed on behalf o Corirol System Services
Prin Name.

Date

These ess ave boen winessed by myse a5 an auorsed roresenttiv of Tata Ste! £y
Lo conconir sccapancd o Finconabty ot o 573 Praninty Sorsas o ErGo353
ested i s tmo

Tata Steel Europe Lead Engier
prin Rame.
Date
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‘&P Functional Test Procedure - BF4 SIS Pushbuttons
Tata Steel Port Talbot Blast Furnace Tilter SIS Project
‘Equipment Required
« Contol System Wirng Dingrams.

2 Laptop and a PLC Conligurator
2 Walde Takies

‘Gomponents Tested

East Cast Houso Pushbutions - PBATA PBI1C, PBATS, PBATD
‘Soulh Cast House Pushbullons - PBA2A, PBAZC, PBAZB, PBA2D

Eunctionaity Test Procedure for Pushbuttons PBAA, PBAIB, PBAIC, PBATD

1. Obtain  Work Permi. the RAMS for wtich idontiy hat clarl danis th risks (0 pesornel
curing s oty Erur bt cortetPPE o s 2 e gt Alow

st fumace operalors o know thal commissioning iork s being carmed oul witin the area.
2 sk your colleague t press and hold red pushbion PBATE on Easi cast house Iron Road A
3 Once PBATB has been pressed and held, inpus 4 and 5 shouk be enrgised on Point 10
Rack 1 st 1
4. fthe steps above are all correct,then move on Lo step 5
5. sk your colleague 0 press and hold the green pushbution PBA1A (EAST CAST HOUSE
PULPIT ROAD A GREEN LIGHT) on the BF 4 cast house HMI Panel,
6 Once PBA1A has been pressed and held, inputs 0 and 1 shou be enrgised on Point 0
Rack 1 sot 1 with al ohr inpus on therack 1 Sot 1 de-energised.
7. fthe steps above are all correct,then move on tostep 8.
& pskymrcoloaguoopress and hokd h e puston PBATD o Eascast house Fom
RoallB.
Page 108
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(Once PBA1D has been pressed and held nputs § and 7 should b energised on Point 10
Rack 1 skt 1. Al ther puts on Poin 0 Rack 1 SioL1 shocd b da-energisad

(Check the HMI on the B 4 cast house 0 see i th red pushbuton PBATD is dplayed as
pressed.

Ifthe sieps above are ll correct then move on o step 12

sk yourcolleague Lo press and hod he green pushbution PBATC (EAST CAST HOUSE
PULPIT ROAD B GREEN LIGHT) on the B 4 cact house HI Pancl

(Once PBAIC has been pressed and held, nputs 2 nd 3 should b energised on Point 10
Rack 1 skt 1. Allother mputs on Poin 0 Rack 1 Siot 1 should be de-energisa.

Ifhe stops above aro corect the the function test fox Pushiutons PBATA, PBATB, PBATC,
2nd PBATD & compiet,

Functionalty Test Procedure for Pushbuttons PBAZA, PBAZB, PBAZC, PBAZD

sk yourcolleague Lo press and hod he red pushbutlon PE42E on south cast house Iron
Road C.

(Once P28 has boen pressed and held, inputs 4 and 5 shoukd b nergised n Point 10
Rack 2 ht 1. Al ther puts on Poin 10 Rack 2 Sot 1 snould b da-energisad

Ifthe sieps above are all correct, then move 0n 0 tep 4.

sk your colleagueto press the green pushbuston PBA2A (SOUTH CAST HOUSE PULPIT
ROAD C GREEN LIGHT) onthe BF4 cast house Hil Panel

(Once P24 has been pressedt and held, inputs O and 1 shoukd be nergised n Point 0.
Rack 2 skt 1. Allther mputs on Poin 0 Rack 2 Slot 1 should be de-energis.

Ifthe sieps above are all orrect, then move 0n 0 tep 7.

sk your collague Lo press and hod he red pushbulion PB42D on South casthouse ron
Road D.

(Once PBAZD has been pressed, nputs § nd 7 shouid be energised on Point 10 Rack 2 skt
1.8 ther inputs on Pont 1O Rack 2 Siot 1 should be e energised.
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Proc ¢
e Date: 77
Review Dat: 77
Reviion: A

9. iithe steps above ae al cotec, then move on 0 Sep 10,

10, Ask yourcolleague to press the green pushbuiton PBAZC (SOUTH CAST HOUSE PULPIT
ROAD D GREEN LIGHT) onthe 84 cast housa Hil Panel

T Once PBAZC has been pressed, nputs 2 and 3 shouid be energised on Point 10 Rack 2 it
1.8 ther inputs on Pont 1O Rack 2 Siot 1 should be e energisec.

12, fthe stops above aro corect the the function est ox Pushbutons PBAZA, PBAZS, PBAZC.
2nd PBAZD i compiet.

Procedure Sign Off

1 hereby confim that the above procedure was successful and tht the B 4 Pushbutions Functonalty
bohauad i accordance with the procedie and s beleved o opeating correctly at i me.

Signedon baalfof Ca Engineari
S on behll of Convl System e
P Nama

Bae

These tests have boen winessed by mysell as an authoised represertative of Tata Sieel Europe.
Limied and 1 can confim Acceptance of the Functionaiky of the BF 4 Pushbutions tesied 1 (s time.

Tata Steel Europe Lead Engeer
Prin Rame.
Date
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starting point for evaluation of safety function's contribution to risk reduction
low contribution to risk reduction
high contribution to risk reduction

required performance level
Risk parameters:
S severity of injury
S1  slight (normally reversible injury)
52 serious (normally irreversible injury or death)
F  frequency and/or exposure to hazard
F1  seldom-to-less-often and/or exposure time is short
F2  frequent-to-continuous and/or exposure time is long
P possibility of avoiding hazard or limiting harm
P1  possible under specific conditions
P2 scarcely possible
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‘&P Functional Test Procedure - BF4 Tilter Safety Valve Enclosure
‘Tata Steel Port Talbot Blast Furnace Titer SIS Project.
‘Equipment Required

+ Control System Wirng Dingrams.
% Laptop and a PLC Conligurator
 2xwalde Takies

nents Te:

st Procedure 1/ Open Limi Swilches — ZSHLATA, ZSHLATE, ZSHLATC.
Pressura Swich - PSL41.
Solenokd Ve — KV-F1A, KV-418, KV-41C.

st Procedure 2/ Open Limi Swilches — ZSHL4ZA, ZSHLAZE, ZSHLAZC.
Pressura Swich - PSL42.
Solanokd Valve - KV-42A, KV-428, KV-42C.

Functionality Test Procedure for East Cast House Tiker Safety Valve Enclosure
1. Obtain  Work Permi. the RAMS for wtich idontiy hat clarl danis th risks (0 pesornel

duringhis acivy. Ensure hat the correct PPE is wor at il mes a5 stated 1 the perma. Al
last frmace operator o know hat commissionng work s beng carmed ol Wi e area

2 Ask your colkague to confim all he condion valves in the eastcast hause ter safely vave
enclosure are Vales KV-A1A and KV-418 should be cosed 25 they e anargise L0 0pen vales.
KV-A1C sate should bo opan as s an energise 0 lose vlve.

3 The pressure switch shall b configred to ensure s setcorrectyfor the testprocedise

4. The pressure switch shoukd be set from factory o 2 b faling. I the range i ncarrect change:
he range values to 2 ba faling and re-est

5. Ensure the Pressure swich is sel witin the right range o dispiay the sl a5 pressurised
e 15 presen and de-pressurised when 5 no presenl

6. Pressise swich PSL-41 shal display an open crcult when there i no aif present

7. Confim tha the imit Switches ZSHLATA, ZSHLATB and ZSHLAIC and pressire swich PSL-
47 tally up n thefekd wih the 21 of e valves on he HM Screen,

B The akfine shouid be de-olated o the eastcast house e alowing i 0 operat the valves.
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Energise Solencics KV-41A, KV-418 and KY-41C whistclosely morioring the vales. Ask your
colleague o vsually inspect he east cast house ter salety valve enclosure to ensure the 3
Salety valves operat covrectly and smoctly. Tha LEDS on point 10 Rack 1. Sot Ot 0,
T and 2 should be energised.

‘Solenoid KV-41A corresponds wih the lmi Swich ZSHLATA and the valve shoukd open whie
nergsed. ZSL-A1A and the LED on point 10 Rack 1, Siot 4 npu 1 Showld be co-energised
nd ZSH-A1A inua 0 energied

‘Solenoid KV-418 corresponds wih th imit wich ZSHLATE and the valve shoukd open whie
nergsed. ZSL-418 and the LED on point 1O Rack 1, Siot 4 input 3 Showld b co-nergised
nd ZSH-118 inua 2 energied

‘Solenoid KV-41C corresponds wih the il switch ZSHLAIC and the valve shouid cose whie
nergsed. ZSH-A1C and the LED on point 0 Rack 1. Sl 4 inpul 4 shouid be ce-energised
nd ZSLA1C nput 5 energised

Ifthe sieps above are comect th pressure switch PSL-41 shoukd b energsed and deeciing
preseire above 2 b, inpus & anid 7 Showkd be energsed on po 10 Rack . St 4

I the state above, the tter shovid be de-solted and be able (0t

(Check the HMI Panel o see thatthe HIA Screen s displaying the east cast house Uter safety
valvo enclosuo i he same stat a5 the stops above. Solenods KY-41A, K-418 and KV.
41C energaed. Open kil Swiches ZSH-A1A and Z5H 41 are energised wih closed imit
Swich ZSL-41C energised. PSL-41 shallbe dispiayed as pressirised.

1l the steps above have been deamed successiul move on 0 Step 11 I the steps haven't
baen deamed successiul fuher imestigaton s 1 b caried oul.

De-Energise Solenoids KV-41A, KV-£18 and KV-41C. Ask your collague to visual inspect
he cast cast house e safety vae enclosr Lo ensurethe 3 Safety vales operate corecty
ant<moothly. The LEDS on point 10 Rack 1. Siol 7 Dutputs 0 1 and 2 shosd b ce-enargised

‘Solenoid KV-41A corresponds wih the imit swiich ZSHLATA and the valve shouid cose whie.
o-oncrgisd. ZSLA1A and the LED on point 1O Rack 1, Sl inp 1 should bo energised
B ZSH-1A g 0 now de-energioed

‘Solenoid KV-418 corresponds with th imit wiich ZSHLATE and the valve shouid cose whie
o-oncrgised. 7SLA18 and the LED on point 1O Rack 1, Sl 4 inp 3 should bo energisod
B Z2SH-118 a2 now de-anergieed
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20 Solenoid KV-A1C corresponds with the it swich ZSHLAIC and the vave should open uhile
e-energised. ZSH-A1C and the LED on poin 0 Rack 1, Siot 4 input 4 shouid be energised
B ZSLATC input § now de-energised.

21, i the steps above ae correct thepresstr swich PSL-41 shouid be de-energised and not
deticting prssure above 2 bar. Inputs 6 and 7 shauid be ce-energised on poit 10 Rack 1,
Sotd

22 Inthe state above,th Ut shoukdn' have ai present and shoukdt be abe 0 b tted. The

aifine il be crained though th Solencid vave KV-A1C and wl ot avel trough cosed
Valves KV-A1A and KV-A15

23 Check the HMI Panei 1o e tha he HMI Sreen i isplaying the east cast house tte saety
valvo enclosur i the same stato 25 ho siops above. Solonids KV-11A, K418 and KV.
41C do-encrgsed. Closad It Swiches Z5L-41A and ZSL-418 are energised vih open it
Swich ZSH-A1C energised. PSLA1 shall be cplayed as de-pressuriec.

‘Eunctionaity Test Procedure or South Cast House Tier Safety Valve Enclosure

1. Askyourcolleague to confirm al he valves nthe South casthouse ler safely valve enclosise.
re i he de-enirgisad sate. Vales KV-12A and K428 shoud be losed s ey s enrcised
10 0pen valves. KV-42C should be open a5 s an encrgise 10 closa vave.

2 The pressure switch shall b configured to ensure s setcorrctyfor the test procedire

3 The pressure swich shoukd be set rom factry 0 2 bar fallng

4. Pressuse swach PSL.42 shaldisplay de-pressusisediopen cicuit

5. Confim that the imit switches ZSHLA1A, ZSHLATB and ZSHLATC and pressure swtch PSL-
‘47 tally upn the ek ik the stz of (e vaives o the HAA Screen,

6. The arline shoukd be de-solled o the south casthouse e allowng 3 o operae the vales.

7. Energise Solenoids KV-42A, KV-428 and KV-42C whistclosely morioringthe vaes. Ask your

colleague 0 visally inpeci the South cast house Ul Salty vave enclosure o ensiee the 3
Saley valves aperat carecty and smactly. Tha LEDS on poit 10 Rack 2. St Opuss 0,
T and 2 should be energised.

B Solenoid KV-A2A comesponds with the it swich ZSHLAZA and the vave shouid open whle
nergsed. Z5L-42A and e LED on point 10 Rack 2, Sit 4 npu 1 Should b ce-nergised
nd ZSH-12A inus 0 energised
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‘Soloncid KV-42B corrosponds with th Imit swich ZSHLAZB and the valv shoukd open while
nergsed. Z5L-428 nd the LED on point 10 Rack 2, Sit 4 npud 3 Should b ce-nergised
and 751128 Input 2 energisod

‘Soloncid KV-42C corresponds wih the il swich ZSHLAZC and the valve shou close wtilo
nergsed. ZSH-AEC and the LED on point 1D Rack 2, Sl 4 mpul 4 shoud be de-energised
nd Z5L-42C nput 5 energised

Ifthe sieps above are corect th pressure swich PSL-42 shoukd be energsed and deeciing
preseire above 2 b, inpus & anid 7 Showkd be energsed on po 10 Rack 2, St 4

I the state above, the thershaudd be de-solted and be able (0t

(Check the HMI Panel o see that the HIA Screen s ispaying the south cas house tler
Salety valve enciosire n the same Siate 25 the Steps above. Soknowds KV-42A, KY-428 and
KU-42C energised. Open il swiches ZH-A2A and Z514-428 ar energise wih cosed
il wich ZSL42C energised. PSL-42 shall b dispiayed s pressuried.

1f il the steps abova have been dame successful move on tostep 11 If the steps havent
baen damed successul fuher imestigalion 1 be caried oul.

De-Energise Solenoids KV-42A, KV-£28 and KV-42C. Ask your collague to visual inspect
{he south cast house tler safety valve enclosure 1o ensure tha 3 safety valves perate corecty
and smootly. The LEDS on posnt 0 Rack 2, Sol 7 Outpus 0, 1 and 2 shaud bo de-energised

‘Soloncid KV-42A corrosponds wih the imi suitch ZSHLAZA and the vave shoud closo whio
e-energsed. ZSL-42A and the LED on paint 10 Rack 2. Sit 4 inpl 1 should be energsed
and ZSH-12A inpu 0 now de-enorgised

‘Soloncid KV-428 corrosponds wih th il suitch ZSHLAZB and the vave shoud closo whio
e-energsed. ZSL4ZB and the LED on point 10 Rack 2. Slt 4 inpl 3 should be energsed
and ZSH-128 inpu 2 now de-energised

‘Solenoid KV-42C cortespornds with th it swich ZSHLAZC and the valve should open e
e-energsed. ZSH-42C and the LED on point 10 Rack 2, Sio 4 input  shouid be energised
B ZSL42C nput 5 now de-energised.

Ifthe sieps above are corect the pressure swich PSL-42 shoud b de-energised and not
deteciing prssure above 2 bar. Inputs 6 and 7 shouid be de-energised on poit 10 Rack 2,
Sotd

1 ho state abowe, the tr shaukdrit have st present and should b abla I bo ited. The
i wil b craind (ough th Solenoid vaive KV-A2C and wl ot 7aveltrough Closed
Valves KV-A2A and KV-428.
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21, Check the HMI Panei 1o e tha the HMI Sreen i isplaying the South cast house Uter
Salety valve encosire n the same Siate 25 he Steps above. Solnokds KV-42A, KY-4Z8 and
KV-42C do-anergsed. Closed i swiches 251424 and 25L-AZB are energised wih open
mi Swich ZSH-42C energied. PSL-42 Shall b csplayed as operide-pressuised.

Procedure Sign OIf

 heraby contim that the above procedura was successful and that the BF4 Safety Valve Enclosure's
Funclonaity behaved in accordance wih the procedure and s baleved to operating corecty ai s
me

Signed on balfof Ca Engineari
e on behll of Convl System Senices
P Nama

Bae

These test have boen winessed by mysell as an authorised represertative of Tata Siee Europe.
Limitd and 1 can confim accepianca ofthe Funciinalty of the Safety valve enclosures tested at hs
me

Tata Steel Europe Lead Engeer
prin Name.
Date

Pagesole

- S





image137.png
ENGINEERING www.cpengineering co.uk

SERVICES LTD Vour EC&1 Engineering Solutions Provider

Required

« Contol System Wirng Dingrams.
= Laptop and a PLC Conligurator
 2xwalde Takies
nents Te:
TGl Lghts - YAR-41, YAC-A1, YAB-A1, YADAT, YAR-4Z, YAC-42, YAB-A2, YAD-A2
& 1 e for Traffic Light YAA-41
1. Obtain  Work Permi. the RAMS for wtich idontiy that cloarly dantifs th fisks to prsornel

uring i acivy. Ensure hal th correct PPE 1s o a ll es a5 Sated 1 he pefma. Ao
Blast frmace operator o know hat commissioning work s being carmid o wih he area

2 Firslly he current morioring devices ar requird tobe set up corectly. Set up each custent
moriorng dewice 1108 i he B4 PLC enclosure wih ihe falowing S0ings
Mode: < Noemor
Salpon 20% (100mA
Hysoresise. 5%
™ is
T 03
3 Askihe PLC Engneer to swich of al ofthe Traffi ihts on BF4 and ask your collague (o
Visually inspect il 8 ghts 10 ensursthey o de-energized. Trafc Lights —
EasiSide
7 VAA41 - East Cast House 1° Floor Iron Road A
= YACA - East Cast House 1% Floor ron Road B
= VAB-41 - East Cast House ron Road A
& VADA Eas Cast House ron Road B

Soun side
"YAA-42 - South Cast House 17 Floor lron Road C
& VACA42 - South Cast House 1* Floor lon Road D

« YAB-42 - Souh Cast House lron Road C

2 VAD-42 South Cast House ron Road D
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4. Wi the use of a aptop and a PLC Corfigurator, within the PLC Coriro Panei energise
ouput 0on Pont 10 150k 1, ot 5

5. Wi the hep of a collsague ask them Lo visually check hat the Red Light has luminated on
raic hght YAA-41 on the East s Cast House

6. sk the olleague o visualy nspect the remaiing raffc ghts (0 500 i they o st do-
Cnergied.

Easiside
7 VACA1 - East Cast House 1% Floor ron Road
« YAB-41 - East Cast House ron Road A
& VADA1 - East Cast House ron Road B

Souh side
= YAA-42 - South Cast House 1% Floorfron Road C
+ YAC2- South Cast House 1 Floor lon Road D
© VAB-42 - South Cast House lron Road C
2 VAD-42 South Cast House ron Road D

7. Visualy check that the LED on nputs 0 and 1 an the PLC Card Point 0 Rack 1 siot 3 are
energzod. The LEDS wil be cnergized cue to 2 nputsof he Current monkoxing device CR1.

B Check the HM screen on the HAM Panel o see i the red ght s displayed as luminated on
ralic ight VAA-A1 2nd il he remaining ighis i BF 4 are de-energized.

. Wihthe use ofa aptop and a PLC Configuator, witin the PLC Pancl, de-enorgizo ouput 0
o Point 0 Rack 1, ot § and then enciz0 oufpu 1 0n PO U0 Rack 1,56t &

10, Ask yourcolleague to visualy check thtthe red ight has de-energized o alfcight YAA-41
i he green ght s now iminated on YAA-41

T Your colleague shouid also isually inspec the remaining traffcghs o 500 i they o st de-
energzed.

Easiside
7 VACA1 - East Cast House 1% Floor ron Road
« YAB-41 - East Cast House ron Road A
& VADA1 East Cast House ron Road B
‘South e
'YAA-42 - South Cast House 17 Floor Iron Road C
YAC42 - South Cast House 1 Foor Iron Road D
‘YAB.42  Soth Cast House ron Road C
YAD42 - South Cast House iron Road D
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12, Visually check thatthe LED on nputs 0 and 1 anthe PLC Card Point U Rack 1 st 3 e
energzed. The LEDS il be energized cue to 2 nputs of he Current monitoring device CR1.
Testcurent monitorng devics CRI by disconnecing fuse terminal 1.2

1. Check the HMI screen on the HMI Panel o see f the red igh s now displayed s de-
energzed and the e ight s lluminated on i lght YAR-A1 All he remaiing lghts in
BF4 Showkd be deplayed as de-energized

14 Testcurent monioring device CR1 on the green walfc ight by disconecting use terminal
X1-2. Visaly check tht the LED on inputs D and 1 on the PLE Card Poit 10 Rack 1 slot 3
re now de-energized. Chick the HUI Screen 0 see f h Road A East Cast House LEDATA
Green igh goes o faul conditon.

15, fthe siep above s correc e-connectfuse Lecminal X2, Visually check tha the LED on
puis 0'and 1 on the PLC Card Pomt 0 Rack 1ot 3 are now energized. Pess the safety
eset buton on the BF4 HAAL.

16, Disconnect fuse terminal X1-1 0 test CR1 on the YAA-41 Red ight. Visaly check tht the
LED on inputs 0 3nd 1 on he PLC Card Point O Rack 1 it 3are now e-energized. Check.
the HiA sreen to See i the Road A East Cast House LEDATA red igh gogs o fal
conclon

7. fthe siep above s cortec e-connect fuse tecminal X'1-1. Visually check tha the LED on
inputs D'and 1 on the PLC Card Poit 0 Rack 1 Slot 3 are now energized. ress the safety
eSel buson on the BF4 HAAL

Functionalty Test Procedure for Trafic Light YAC-41

1. Askthe PLC Engineer o swich off allof the Traffic ights on BF4 and sk yous colague to visually
Inspoct a8 ghts to ensuro they o do-onergized. Tralfc Lights —

Eastside
- VAA41 - East Cast House 1% Foor Iron Road A
 YACA1 - East Cast House 1% Floor ron Road B
= VAB41 - East Cast House ron Road A
& VADA1 East Cast House ron Road B

Souh side
" YAA42 - South Cast House 1% Floorlron Road C
= VACA42 South Cast House 1 Floor lon Road D
© VAB-42 - South Cast House lron Road C
2 VAD-42 South Cast House ron Road D
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C&P Functional Test Procedure - BF4 East Cast house
Tata Steel Port Talbot Blast Furnace Tilter SIS Project

‘Equipment Required

+ Control System Wirng Dingrams.
% Laptop and a PLC Conligurator
 2xwalde Takies

Components Tested

Pushbutons - PBITA PBTC, PBATS, PBATD
Trafl Lght - YARAT, YAC-A1, YAB-41, YAD-AT
Open Limit Swiches — ZSHLATA, ZSHLAT8, ZSHLATC.
Plessure Swich - PSL4T

‘Solenoid Valves - KV-A1A, KV-A18, KV-A1C

Healthy State

Road & reen lght will oy b displayed green and the i solencds n the salety vave enclsure disabled
hen he pushbution PE-41A f pressed and thefollowing condilons met:

Titer angle to b posiioned t 4 degrees (PROXATA) c higher towards lon Road B
The Easi ke cast ouse encoder i heakhy with no faul concilons present.

No Pressure Present at the pressure swich

No Fauls present wihin the East Cast House Safety Valve Enclosure

Road B green lght will oy b displayed green and the air solencids n the sfety valve enclosure disabled
whon he pushibution PB-A1C i prossed and the olowing condtons met

Titer angle to b posiioned 10 -4 degrees (PROXA1C) r ko towards fon Road A
The Easi ke cast house encoder i heakhy vith 1o faut condiions present

= o Pressure Present at he pressure swich

= No Fauls resentwithinthe East Cast House Safety Valve Enclosure

e (5] +— 29 9 @
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(Obtain a Work Perm, the RAIAS which ideniies the rsks o personnel cuing this actviy.
Ensure (hl the comret PPE & worn a1 il (mes a5 cetaied by pernl. Alow st enace
opertors o Know that commissioning work s eing caied out wthin th area

Ensurethe i is de-solaed to the east cas housa ter

Power up the PLC and check 1o see where the east cast house Uer is cusrenty ted. If the
titer i n the 0-degreo positon raffc bghts -

YAA-41 East Cast 1% flor for o road A (il be red)
YACH41 ~ East casthouse 1% floo or o r0ad B (wil be red)
YAB41~ Eas cas hous on toad A (il ¢ rec)
YAD41 - Eastcast house kon foad B (il b rec)

Ifthe ther s tted and siopped a roximiy sensor PROXA1A (-4 Degrees). Traffic bhts —

YA~ Cast 1l for ron o A can b reo o can b )
‘YAC-41 ~ Eaetcast ousa 1# floor for o 10ad & (sl bé 160
‘YAB.A1  East cast house ion r0ad A (can bo green or can be red)
YAD41 - East cast house fon foad B (il b r6d)

Ifthe ther s tted and stopped at proximiy sensor PROXA1E (+20 Degrees). Traflic ights —

‘YAA41 _East Cast 14 flo foron 0ad A (can bo groen orcan bo rod)
YACH41 ~ East casthouse 1% floo or o r0ad & (i be 16d)

‘YAB.A1  East cas hous on r0ad  (can bo green or can be red)
YAD41 - Eastcast house kon foad B (il b rec)

Ifthe ther s tted and stopped at proximiy sensor PROXAIC (4 Degees). Traffi ights —

YAA-41 - East Cast 1% flor for o road A (il be d)
‘YAC-41 ~ Eastcast house 1% floor for o 0ad B can be green orcan be rec)
YAB41 Eas cas house on road A (i e rec)

YAD.11  Eastcast houso kon f0ad B (can bo green o can be 109)

Ifthe tker s tted and siopped a proximiy sensar PROXA1D (-20 Degrees). Trac ights -

YAA-41 East Cast 1% flor for o road A (il be d)
‘YACH41 — East casthouse 1% floo or o 10ad  can be green or can be rec)
YAB41~ Eas cas house on toad A (il e rec)

YAD-41 - East cast house kon foad B (can be groen o can be 00)

sk your colleague o 1h estcast huse ket he 0 degre angieand stp. Tha i pp
oo e Shocki b peser ¥ 1 vt Wy o 1 oo 56 worod i

Pagezols
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9. Ask your coleague  press the green pushbution PBATA (east cast hause pulp 0ad A green
g

10, Chock 10 500 alfcIghts YAA-A1, YAC-1, YAB-11 and YAD-41 aro st luminatod 0. The.
a5t cast house iht Ion Road A shouldn tum groen unless the ler i n e 4 Degroes or
Pigher posaion over the opposte iron foad. Taed towards PROXA1A or frther towards.
PROXATE.

1l the steps are correct n step 10, then move on 0 step 12

T2, Ask your collague 1o U the eastcasthouse tlr Lo the 20 degree angle (PROYATE) and sop.

13 Ask yourcollague to press the PEA1A (eas cast house puip road A geen ligh)

14, Check o see i ralcghts YAR-AT, YAC-41 are now iluminated groen, YAB-A1 and YAD-41
are sl Hlumiated rec.

15 Check o see f solencid's KV-41A and B ae closed and KV-41C is pen inhe east cast house.
{ier salely vale enciosie. PSLA pressire Swich Shotkd v the tas no pressure/cosed
onthe Hil crcen,

16, Ask your colleague topress the pushbuton PBA1E on east cast house ron Road Alo reset the
ghtd back o et

17, Check o see if affic ghts YAA-41, YAC-41 are now uminated ed, YAB-41 and YAD-A1 are
Huminated red

18, Ask yourcollague Lol the east cas hause Uer Lo the 4 degree angle (PROXATA) and stp.
19 kour coleagi o pes e oo usoutonPBA1A st st o i rcad Agoen
ah

20 Check 1o see i ralfc ghis YAR-41, YAC-4T ae iuminated green, YAB-41 and YAD-41 are
Sl minated red

21, Check o see fsolencid's KV-41A and B are closed and KV-41C i open in the east cast house
{ier safety valve ncosure. PSL-H1 pressure Swich shouid have (he il o pressise onthe
H sreen,

22 sk your coleague  press the ed pushbution PBATE (eastcast ouse kon road A)

20 Check 1 see f raffic ights YAA-41, YAC-41 are now uminated red, YAB-41 and YAD-41 are
uminated red
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(Checkto ses f slencid's KV-41A and B e open and KV-41C is closed inthe east cast house.
tier salty vale enclosure. PSLA1 pressuse switch should have the staus pressure on the
M screen.

sk your collague 1o U the eastcast hous tte o the -4 degree angle (PROXA1C) and sop.
sk your colleague Lo press the PEA1A (eas cast house i r0ad A green ligh)

(Chock 0 500 I alfic g YAA-41, YAC-41, YAB.A1 and YAD-41 are lluminated .

(Check the east cast house safety valve enclosure and ensise solenoid KV-41A and 8 are open
0 KV-A1C 13 closd.

Pressuxe swkch PSLAT shalbe displaying that the stas is presstee on the HUA screen

sk your coleague to Ut the east cast house ker aniclockwise beyond the -4 angle
(PROXA1C) and top

sk your colleague Lo press the PEA1A (eas cast house i r0ad A green ligh)
(Chock 0 500 I alfic g YAA-41, YAC-41, YAB.A1 and YAD-41 are lluminated .

(Check the east cast house safety valve enclosure and ensise solenoid KV-41A and B are open
and KV-A1C is closed.

rosscs svach PSLA1 shallb iy s st s s o e M scren
Loaving h st cast hou e otk tan 4 g (PROKAIC)

Ak yourcotao 0 rss 4 ron usuln PBA1C et ot houso g ond 5 gcen
it

Chock 10 0l s VA1 YACA1a it 0 nd YAB-A1 ard YAD.41 0
ity

Chec 50 sclocs K.A1A 3 80 s and V-1 g st st howso
i oo Fssse ALy S S Gk s
Hessretbscdon o 1 st

sk your coleague topress the pushbuton PBA1D on east cast hause ron Road B o reset the
ghtd back o et

(Check to s f affic ghts YAA-41, YAC-41 ae uminated ed, YAB-41 and YAD-41 ae now
Huminated red
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41, Check o see fsolencids KV-41A and B are open and KV-41C i closed inthe eastcast house
ier safety valve enciosure. PSLA1 pressiee Swich Shoid have the Sals presstrelopen on
the HiA screen

42, Ask your coleague t it the east cast house ter clockwise t the 4 degree angle (PROXA1A)
Lo

43, Ask your coleague  press the green pushbuton PBATC (east cast house pulp ad B green
g

44, Chock 0 500 f ralfc Ights YAA-1, YAC-41, YAB-41 and YAD-A1 are iluminated red.

45, Check he east cast house salty valve enclsure and ensuxe soenid KV-41A and B ae open
0 KV-A1C 13 closed.

46, Pressuse swich PSLA1 shall be displayig tha the status i pressurelopen on the HI creen.

47, sk yous collague Lot the east cast house tter clockuise beyond the 4 angle (PROX41A)
and Sop.

45 ko coleagie 0 pres g pUshon PATC (s cas houssppi 1024 e
ah

45, Chock 0 500 f ralfc Ights YAA-1, YAC-41, YAB-41 and YAD-41 are iluminated red.

50, Check he east cast house salty valve enclosure and ensuxe soenid KV-41A and B ae open
and KV-A1C is closed.

51 Pressise swich PSLA1 shalldslay hatth staus s pressurelopen on he HI screen
52 sk your colaague o tt the east ast house ier Lo the - degree angle (PROXATC) and siap.

53 ko coleagie 0 pres h g pushuon PATC (s cas houss ppi 1024 ren
ah

54 Check 1o e f vallc ights YAB-A1, YAD-41 are now iuminated green, YAA41 and YAC-41
are sl lumiated red

5. Check o see fsolencid's KV-41A and B are closed and KV-41C i open in the eastcast house
ier Salely vae enciostre. PSLA pressire swich Shotkd v the tas o presure/cosed
onthe Hil crcen,

56, I steps 55 and 56 are deemed correct move onto step 58

57, Ask your coleague  press the red pushbution PBATD (eastcast house on road 8)
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58 Check o see f raffc ights YAB-41, YAD-41 are now uminated red, YAB-41 and YAD-41 are
Suliminated red

50, Check o see fsolencids KV-41A and B are open and KV-41C i closed inthe eastcast house
tier safety valve enclosure. PSLA1 pressise Swich shovid have the sals pressurelopen on
e HiA Srcen,

60, Disconnectthe rown core PBE-41C1 from the lerminal 4PB-17 in the PLC enclosise.

1. Get your colague 1o press and hod the pushbution PB-418. Check the HMI screen to e i
afailt has occured wihin the pushbuton PB-418

62 I fault has occisted reconnectthe core toterminal 4PB-17. I a falt hasn cccurrad then
fusther vestigaton s fequed on the PLC.

63 Disconnect the 19 core PSLI-AT from theterminal 41A-19 n the PLC enclosure

64, Make sure the pressure swich PSL.41 i cosed (pressure pesent) and check the HMI screen
10 560 3 fauk has occurred with the pressure v PSLA1

65, I fault has occured reconnect the core o terminal 41A-19, f a faut hasnt cccurred then
fusther mvestigation s fequed on the PLC.

‘Procedure Sign Off

ey confirm that the above procedure was successful and thatthe BF 4 East Cast House Tiker SIS
Contol System behaved in accordance with the procedure and i bedved 10 operatng comecly a s
tme

Signed on behalf of CaP Engineering
Signed on behalf o Corirol System Services
Prin Name.

Date

These tests have boen winessed by mysef as an authoised representative of Tata Steel Europe
Limited and 1 can confim Acceptance of the Functionsiky of the SIS esie at tis tme.

Tata Steel Europe Lead Engieer
prin Name.
Date
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C&P Functional Test Procedure - BF4 South Cast house

‘Equipment Required

« Contol System Wirng Dingrams.
= Laptop and a PLC Conligurator
 2xwalde Takies

Components Tested

Pushbutons - PBIZA PBA2C, PBAZB, PBA2D
Trallc Lghts - YAR-AZ, YAC-42, YAB-42, YAD-AZ
Gpen Lini Swiches - ZSHLAZA, ZSHLAZB, ZSHLAz2C.
Pressure Swich - PSL42

Solenokd Valves - KV-A2ZA, KV-428, KY-A2C

Healthy State

Road C reen ight il ony be cisplayed green and the e Solenaids n the salety valve enclosure disabled
hen he pushbution PE-42A f pessed and thefollowing conditons met:

« Titer angle to e posioned 10 4 degrees (PROXA2A) o igher owards ron Road D
= The Soulh tiher cast house encoder s heathy with o faul conclons present.

= o Pressure Present at he pressure swich

= No Fauls resent withinthe South Cast House Safety Valve Enclosure

Road D e ght il ory be cisplayed green and the i solencids inthe saety valve enclosure disabled
whon hG pushioution PB42C i prossed and the olowing condtons met

“Titer angle to b poshioned 10 - degrees (PROX42C) o kowe towards lon Road C
The Soulh er cas house encoder s heakhy it o faul condiions present

No Pressure Present al the pressure swich

No Fauls present wthin the South Cast House Safety Vave Enclosure.
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nality Test Procedure for BF4 Tier Safety Iterlock System - South Cast House

Obtain & Work Perm, the RAIAS which ideniies the rsks o personnel cuing this actviy.
Ensure that the corrct PPE & worn a1 all lmes a5 cetaed by perl. Alow Blast funace
peraors Lo Know hal commissioning work s bing camied out i th area

Ensurethe i is de-solated to the South cast house ter

Power up the PLC and check to sce where the south cast house ke i curenty e, I he
titer i n the 0-degree positon raffc bghts -

‘YAA-42 - South Cast 1 lorfo kon road C (vl be red)
‘YAC42 - South cas house 1 oo fof on road D (vl be red)
YAB.42 - South cast huse ron f0ad C (il be rec)
YAD-42 - South cast hous ¥on 1086 D (i b fec)

Ifthe ther s tted and stopped a roximiy sensor PROXAZA (-4 Degrees). Traffic bhts —

‘YAA42 - South Cast 1 floor fo kon 10ad C (can be reon or can be red)
‘YAC42 - South cas house 1 lor foron road D (vl be red)

‘YAB.42 _ Souhcast bouso ron 0ad C.(can bo green or can bo rec)
YAD42 - South cast hous ron road D (i e rec)

Ifthe ther s tted and stopped at proximiy sensor PROXA2 (+20 Degrees). Traflic ights —

‘YAA42 - South Cast 1 floor fo kon 10ad C (can be reen or can be red)
‘YAC42 - South cas house 1 oo of on road D (vl be 16

'YAB.42 - Southcast bouse ron 0ad C (can bo green or can bo rec)
YAD-42 - South cast house kon 1086 D (i e roc)

Ifthe thers tted and stopped at proximiy sensor PROXAZC (4 Degees). Traffi ghts —

‘YAA-42 - South Cast 1 florfo kon road C (vl be red)
‘YAC42 - South cas house 1 lor forron road D (can be green orcan be red)
YAB.42 - South cas house ron10ad C (il e rec)

YAD-2 - South cast house kon 10ad D (can be reen o can be o)

Ifthe tker s tted and stopped a proximiy sensar PROX42D (-20 Degrees). Trac ights -

‘YAA-42 - South Cast 1 lorfo kon road C (vl be red)
‘YAC42 - South cas house 1 oo for on road D (can be green orcan be red)
‘YAB.42 - South cast huse ron foad C (il be rec)

YAD.12 - South cast house kon 10ad D (can be reen o can be o)

sk your coleague 1ot the South cast house tlter o the 0 degree angle and siop. The ai
Supply 0 the tter shouid be present i all the afclghts on the South sice ae ec.

a5 (3] 4 27 20 @
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5. kgous colagi oprossh g ushutonPBAZA (S0 st sl 004 C e
i

10, Check o e i ac Ights YAA-42, YACHI2, YAB-42 and YAD-42 are sl iuminated red The.
‘Soulh cast house lghts lron Road C shouldnt turn reen urless the Uter i i the  Degrees or
Pigher posaion over the opposte ron foad. Taad lowards PROXAZA or frthe towards.
PROXIZB.

1.l the steps ave correct n step 10, then move on 0 step 12

12, Ask your coleague 1ot the South cast house tter o the 20 degree angle (PROX4Z8) and
Sop”

13, Ask yourcolleague Lo press the PBAZA (South casthouse pulpil roa C green ight)

14, Check o see i ralcghts YAR-42, YAC-42 are now lluminated green, YAB-A2 and YAD-42
are st Humiatod .

15 Checko sae f solenoid's KV-42A and B e closed and KV-42C s open nthe soulh cat house.
{ier salely vale enciose. PSLAZ pressirt swtch Shotkd ave he tas no pessure/cosed
onthe Hil crcen,

16 Ask your colague 1 press the pushbuston PBAZE on sauth cast house Iron Road C Lo reset
{he Hghis back b red.

17, Check to s if affic ghts YAR-42, YAC-42 are now uminated red, YAB-42 and YAD-A2 are
Sl minated red

18, Askyour collague o i the South cast house er o he 4 degree angle (PROXA2A) and scp.

19 fkyourcoleagets pres o groo st P2 St s houss i rod Creen
i

20 Check 1o see i alfc ghis YAR-42, YAC-42 ae ilminated green, YAB-42 and YAD-42 are
Sl minated red

21, Check 1o see f the sclanid's KV-42A and B re clsed and KV-42C i open i the South cast
Pouse her Saley va enclosure. PSL42 ressure wich shouid have (he LU na ressise.
onhe HiA screen,

22 sk your coleague  prss the red pushbution PB4ZB (South cast house on road C)

20 Check 1 see f rafficights YAA-42, YACH2 re now umnated red, YAB-42 and YAD-42 are
uminated red
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24, Ghock to sae i soonoids KV-42A and B aro open and KV-42C s closed I the South cast
house Uher Safey vaie enciosure. PSL-42 preseure Swich shouid have e SIBUs pressure on
the HiMA screen,

25, Ask your coleague t U the Souih cast house Uer 0 the -4 deggee angle (PROXAZC) and
Sop!

25, Ask your coleague t press the PEA42A (Southcast bause pulit cad C green gh)
27, Chock o 500 f ralfc Ights YAA-2, YAC-42, YAB-42 and YAD-42 are iluminated red.

28 Check the South cast house salety vale enclosure and ensure solenoid KV-42A and 8 are
open and KV-42C fs closec.

20, Pressuee swich PSLA2 shallGplay hat th staus is pressurelopen on he HI scroen.

30 Ask you coleague to U the Sauth cast hause er aniclockise beyond the -4 angie
(PROXE2C) and tcp.

31, Askyour coleague t press the PEA2A (Southcast hause pulit cad C green gh)
32 Chock o 500 f ralfc Ights YAA-2, YAC-42, YAB-42 and YAD-42 are luminated red.

38 Check the Soulh cast house salety vale enclosure and ensure solenoid KV-42A and B are
open and KV-42C fs closec.

34 Pressiee swich PSLA2 shall b displaying hat e status s prossure an he HMI scroen.
35, Leauing he South cast house Ut e urher ani-cockwise than -4 degrees (PROXAZC)

36, Askyourcolleague Lo press the reen pushbutlon PBAZC (South cas hause pulitroad D geen
g

37, Check to ee f raffic lights YAR-A2, YAC-42 are uminate red and YAB-42 and YAD-42 are
Huminated groen

3. Check to see i soanoids KV-42A and B are closed and KV-A2C s open i the South cast
Pouse Uher <afey vahe enciosure. PSL-42 pressure swich shoud R h SIS ho pressise.
onhe HiA screen,

30, Askyour collague to ress the pushbulon PBAZD on South cast house fon Road D o eset
he lghts back o red.

40, Check 10see f rafic ights YAA-42, YAC-12 are uminated red, YAB-A2 and YAD-AZ re now
Huminated red
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41, Checktoses i solenid's KV-42A and B are open and KV-A2C is closed i the south cast house:
ier safety valve enclosre. PSL-42 pressiee Swich shouid have the Sl pressurclopen on
e HiA Sreen

42, sk yourcolleague L it the South cas huse e clockwise o the 4 degree angle (PROXAZA)
and Sop.

43, Ask your coleague t press the green pushbution PBAZC (east cast hause pup 0d D geen
g

44, Chock 0 500 f ralfc Ights YAA-2, YAC-42, YAB-42 and YAD-42 are iluminated red.

45, Check the South cast house safety vale enclosure and ensure solencid KV-42A and B are
open and KV-42C i closec.

46, Pressise swich PSLA2 shall b dislaying ha the sats i pessuxelopen on the HI screen.

47, Ask your coleague t it the Soush cast hause Uter lockwise beyond th 4 angle (PROX42A)
and 2op.

48 Askyourcolleague Lo press the reen pushbutlon PBAZC (South cas hause puli road D geen
e

5. Chock 0 500 f ralfc Ights YAA-2, YAC-42, YAB-42 and YAD-42 are iluminated red.

50, Check the South cast house safety vale encosure and ensure solenoid KV-42A and B are
pen and KVAZC i cosec.

51 Pressise swich PSLA2 shalldplay hatthe staus s pressure on the HIA screen.

52 sk your coleague to U the Souih cast house Uer 0 the -4 deggee angle (PROXAZC) and
Sop.

53 o colage oprss b g ushutanPBAZC (S st s 020D ran
i

54 Check to e f vallicights YAB-A2, YAD-42 are now iminated green, YAA42 and YAC-42
are sl lumiated red

5. Check to see i soanoids KV-42A and B are closed and KY-A2C s open i the South cast
house tter Salcty valve enciosurs, PSL'42 prossure Swich Should have the Stalus no
pressureiclosed on the M Screen.

56, I steps 54 and 55 are deemed correct move onto step 57

57, sk your coleague t press the red pushbutton PB42D (St cast hause ron fcad D)
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55 Check o sae f raffc ights YAB-42, YAD-42 re now iumnated red, YAB-42 and YAD-42 are
Sulminated red
50 Check to see i solanoids KV-42A and B are open and KV-42C i closed i the South cast
house her Safey vale enclosure. PSL-42 pressure swich shouid have he siatus pressure on
the FM Sreen,
60, Disconnect the grey core PBE-42C2 rom theterminal 4PB-27 i the PLC enclosure
1. Gel your colague topress and hokd the pushbution PB-428. Chack the HMI screen 1o e i
afailt has occuared wihi the pushouton PB-428
62 12 fault has occusted reconnect the coe into terminal 4PB-27. I a faull hasn' ccurred then
fusther mvestigaton s fequed on th PLC.
63 Disconnect the 19 core PSLI-A2 from the terminal 42419 n the PLC enclosure
64, Make sure the pressure swich PSL42 s cosed (pressure pesent) and check the HI screen
1o 560 1 fauk has occurred withthe pressure PSLA2
65, I fault has occured reconnect the core o terminal 42A-19, f a faut hasnt cccurred then
fusther mvestigation s fequed on the PLC.
Procedure Sign OIf

Ymnlm that the above procecure was successiul and that the BF4 Suth Cast House Titer SIS

Signedon baalfof Ca Engineari
s\;m on bl of Conl Sysiem Senices
P Nama

Bae

ystem bohaved i accondance wit (e procedure anc i bekeved o operalng comecly a .

These tests have boen winessed by mysel as an authoised represeniative of Tata Steel Europe
Limited and I can confim acceptance of the Functioniky of the SIS tested at i tme.

Tata Steel Europe Lead Engieer
Prin Rame.
Date
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Figure 4 Red Light flumination Flow Chart
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@ Failed toisolate SCH Defaulttag table. Bool HM_Connectio... PLC_1 “Failed to isolate SCH <symbolic access> 1s
a T Defaulttag table. Bool HM_Connectio... PLC_1 “ECH Fault okay’ <symbolic access> 1s
@ KvH2AG0Y) Defaulttag table. Bool HM_Connectio... PLC_1 “KV42A (5OV)° <symbolic access> 1s
@ K428 s0N) Defaulttag table. Bool HM_Connectio... PLC_1 “KV-428 (SOV)" <symbolic access> 1s
@ Kvcsow) Defaulttag table. Bool HM_Connectio... PLC_1 “Kv42C (S0V)° <symbolic access> 1s
@ PROX41A () Defaulttag table. Bool HM_Connectio... PLC_1 “PROX 41A (+4)" <symbolic access> 1s
@  PROX418(+20) Defaulttag table. Bool HM_Connectio... PLC_1 “PROX 418 (+20)" <symbolic access> 1s
@ PROX41C(4) Defaulttag table. Bool HM_Connectio... PLC_1 “PROX41C (4)" <symbolic access> 1s
@ PROX42A(4) Defaulttag table. Bool HM_Connectio... PLC_1 “PROX 424 (+4)" <symbolic access> 1s
@  PROX428 (+20) Defaulttag table. Bool HM_Connectio... PLC_1 “PROX 428 (+20)" <symbolic access> 1s
@  PROX42C(4) Defaulttag table. Bool HM_Connectio... PLC_1 “PROX42C (4)" <symbolic access> 1s
@  PROX41D (20) Defaulttag table. Bool HM_Connectio... PLC_1 “PROX41D (20)" <symbolic access> 1s
@  PROX420 (20) Defaulttag table. Bool HM_Connectio... PLC_1 “PROX42D (20)" <symbolic access> 1s
a e Defaulttag table. Bool HM_Connectio... PLC_1 “PsL41" <symbolic access> 1s
a e Defaulttag table. Bool HM_Connectio... PLC_1 “PsL42" <symbolic access> 1s
@ RESETEASTCASTHOUSE Defaulttag table. Bool HM_Connectio... PLC_1 “East Cast House Reset” <symbolic access> 1s
@ RESETSOUTHCASTHOUSE Defoulttag table Bool HM_Connectio... PLC_1 “South Cast House Reset” <symbolic access> 1s
@  scHRAuLT Defaulttag table. Bool HM_Connectio... PLC_1 “SCH Fault okay’ <symbolic access> 1s
@ 5CHGreen LED Fault Defaulttag table. Bool HM_Connectio... PLC_1 “5CH Green LED Fault” <symbolic access> 1s
@ South CestHouse FaultReset  Defoulttag table Bool HM_Connectio... PLC_1 “South Cast House Fault <symbolic access> 1s
a Defaulttag table. Real HM_Connectio... PLC_1 “East CH Titer Encoder” <symbolic access> 1s
a e Defaulttag table. Real HM_Connectio... PLC_1 “South CH Titer Encoder” <symbolic access> 1s
@ VAR (CHOLIRY Defaulttag table. Bool HM_Connectio... PLC_1 “YARS1 (CH GLIRA)" <symbolic access> 1s
@ YRR (CHRLIRY) Defaulttag table. Bool HM_Connectio... PLC_1 “YARS1 (CHRLIRA) <symbolic access> 1s
@ YAR41 Green LED FaultSimul... Defoulttag table Bool HM_Connectio... PLC_1 “YAR41 Green Light Fau <symbolic access> 1s
@ YAR42 (CHGLIRO) Defaulttag table. Bool HM_Connectio... PLC_1 “YAR42 (CH GLIRC)" <symbolic access> 1s
@ YAR42 (CHRLIRO) Defaulttag table. Bool HM_Connectio... PLC_1 “YAR42 (CHRLIRC)" <symbolic access> 1s
@ YAR42 Green Light Fault Simu... Defoult tag table Bool HM_Connectio... PLC_1 “YAR42 Green Light Fau <symbolic access> 1s
@ vasd GLIRY Defaulttag table. Bool HM_Connectio... PLC_1 “YAB41 (GLIRA) <symbolic access> 1s
@ vABd RLIRY) Defaulttag table. Bool HM_Connectio... PLC_1 “YAB41 (RLIRAY" <symbolic access> 1s
@ YAB41 Green LED Fault Simula.. Defoult tag table Bool HM_Connectio... PLC_1 “YAB41 Green Light Faul <symbolic access> 1s
@ vAB42 GLIRO Defaulttag table. Bool HM_Connectio... PLC_1 “YAB42 (GLIRC)" <symbolic access> 1s
@ vABa2 RLIRO) Default tag table Bool HM_Connectio.. PLC_1 “YAB42 (RLIRC)" symbolic access> 15
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