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[bookmark: _Toc102499242]Abstract

This report will explain the problems that have arisen and the solution to tackle the problems. The problem is safety within a procedure at Tata Steel Port Talbot and the solution is adding a safety interlock system to an area of the Blast Furnace within Tata, to maximise the safety of the procedure. The goal of the project is to create a new system, which will only allow the procedure to proceed with the correct precautions put into place beforehand. The system will have upgraded equipment installed as well as a PLC system built for automatic control. The goal of the project is to make Tata steel a safer environment and limit the chances of major accidents happening. The system will ensure the safety of people who work driving the locomotive engines (trains) that are a part of the process, and other employees that work in and around the area. 


[bookmark: _Toc102499243]Background information

A project is to be planned to create a safety interlock system within the Blast furnace at Tata Steel Port Talbot to tighten up the safety of the given area. The process that is to be improved is the process of the molten iron from the blast furnace being tipped into the torpedos for transportation to the BOS plant. The torpedos are refractory lined railroad vessels that are used to transport molten iron to the BOS plant for the next procedure. The torpedos are driven by locomotive engines and are parked beneath the blast furnace cast house to be loaded, before being transported. The cast houses are roughly 15 metres above the ground allowing for 4 different iron roads beneath them. Between these iron roads on the cast house Is an iron tilter, this machinery allows iron that has been tapped from within the furnace to be tipped into the torpedos. The project plan is to install a safety system so that the iron can’t be tipped into the torpedos until certain measures are in place. After the different measures are in place the locomotive driver can access underneath the cast house again. These measures will be measured using specific equipment that is to be newly installed within this project and a PLC system to automatically set points to the correct position once the safety measures have been met. 

[bookmark: _Toc102499244]Different factors while building a safety interlock system

There are generally a lot of considerations to be taken into place when trying to make a process safer or limit risks. Within the research stage of this project, an article was found that focused on different processes and factors that come into play within the industry that can be taken into consideration while trying to tighten safety measures. Some of the factors that can be taken into consideration are the quantity of the material present within the process, the substitution of hazardous substances for non-hazardous substances where possible, thirdly moderation, which could be having the material in a less hazardous form while transporting or storing. Lastly is a simplification, which is less difficult to evaluate than the others such as the amount of equipment accessible by the operator, number of manual or actuated valves and switches and set points of a safety system, number of measurements reading and the number of interactions within the system needed from an operator. Upon reading this article, its gathered simplification is the best option to do the SIS (safety interlock system) and improve this process's safety. Different ways it could be done is by limiting the interactions needed from the operator by creating a PLC system which does steps automatically without the need of the operator to do them. Increasing the number of set points needing to be met within the automated system before the next stage of the process can be done will allow for a safer process. The setpoints can be equipment such as sensors, solenoid valves, pressure switches, proximity sensors and thermostats to name a few. [1]

[bookmark: _Toc102499245]Existing safety interlock systems

Further research was carried out by looking at existing safety interlock systems. A great example of an interlock system is a system they have in America called an alcohol ignition interlock.  The process is a breathalyser, that needs to be blown into to show a negative alcohol reading before the ignition will start. This is an example of the car not starting if the right safety protocol is not met, such as the case within this project, the process of the production does not continue until certain criteria have been met with the use of equipment and monitors. [2]  Another example is a motor thermal overload. This process uses a thermostat then when the heat becomes too hot, the thermal overload breaks the circuit, therefore the motor will be disconnected and can be cooled down without further damage to the motor, the cause of overheating or fires starting. [3] Safety interlock systems must be tested thoroughly to see if they behave properly under different failure conditions and harsh plant environments. If the SIS failed, it could cause big plant failures or even fatalities. It provides automated actions to plants that are not manually intervened or controlled by a basic control system. Within this project, numerous block diagrams showing stages of the process will be made, and then if the result of the stage is either true or false, the process would move to the next step or counter back to another step depending on the result given. A PLC diagram would be made to apply all these steps to the system. [4]

[bookmark: _Toc102499246]Machinery safety standards

The equipment that is to be used for the system must also be PLd and Cat 3 rated. These ratings are gathered from the standards within ISO 13849-1 which are the machinery safety standards and provide guidance and safety requirements on the design of safety-related parts of a control system. The standard’s goal is to give the designer clear guidance for installing safety-related parts within a control system. Category 3 is needed for this project and the table in figure 1 shows the fault detection requirements for all the categories within the standard. Category 3 equipment has dual channels, they also have fault detection measuring the time between the two channels so that if one of the channels responds slower than the other the system will trip. 
The PL (performance level) rating was determined also by using a table as shown in figure 2. Using the steps within the chart a conclusion was made on which PL must be used for the process that the SIS is being used. [5] [6]
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Figure 1 [5]
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Figure 2 [5]
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Upon researching different SIS already being used elsewhere in the industry the table was found shown in figure 3. This table clearly shows the functions that can be applied to the system to allow the system to be isolated when all the functions are not correctly met, it gives an idea of interlock features that can be used. In the project to be designed for Tata, different criteria must be met before -
1. The slag (molten iron) can proceed to be tipped into the torpedos.
2. The locomotive driver can re-enter the area of the locomotives to transport the torpedos which have just been filled over to the next process.

Different interlock functions that can be used for this function can include valves and start/stop buttons. Such as to dictate whether the area is safe to re-enter, or even a weighing scale could be used beneath the torpedo, and when the weight hits a set weight the PLC shuts off the pouring process. Along with those options, a pneumatic solenoid valve could be used within the process, which is controlled by current, and the coil is energised which creates a magnetic field so that a rod within moves and opens or closes the valve depending on the option used, either an energise to close solenoid or energise to open. [7] A pressure switch could also be used within the process to measure the pressure within the line and dictate whether the pressure within the air supply has been isolated, which can act like another interlock function. [8] Also, a Proximity switch could be used, which can be set to measure the angle of the tilter to ensure its tilting is in the correct position to not allow any more pouring of the slag to continue when the process has stopped. [9] An angular measurement device can also be used as a form of measurement and an interlock function. A level switch could be used to notify the operator who is tipping the molten iron into the torpedo that the torpedo is now full. The use of radar sensors could also be used.  All these functions must be met and be in “true” form within the PLC system before the final green light will be displayed. 
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Figure 3 [10]
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The field that this study lies in is the industrial field. The project is based upon an upgraded engineering system and a PLC program made to create an automated system that functions due to certain measures being put in place. The field that is being studied within the university Is Electrical and Electronic Engineering which covers the topic of the project perfectly, using skills that have been learnt past and present within the course to proceed with the project. 

[bookmark: _Toc102499249]Importance of the project

The Research/Project is important and is worth doing to maximise the safety of the employees and ensure the chances of accidents and fatalities are limited. The process within the area is dangerous. The area that is being used has had previous fatalities due to safety issues. These safety issues had been reported frequently with no action being done to rectify the issues. An explosion in the area happened in 2001 which was the cause of the death of four people as well as serious injuries to others, therefore it is a good sign that safety interlock systems are now being installed to tighten the safety of certain procedures within the area and to stop the chances of more fatalities happening. [11]

[bookmark: _Toc102499250]Project aims and objectives

The project’s overall aim is to ensure that the safety interlock system is designed and built in the best way possible to ensure maximum safety and minimal maintenance required. To ensure the project meets this aim some objectives must be met to get the best out of the project and the system. The aims to ensure to get the maximum out of the project goal are –

· Choice of equipment – Research to be carried out to find and analyse equipment that can be used to do the system, then evaluate which equipment is the best for the task.
· Design and development of the PLC System – Research different styles of PLC programming and PLCs that are suitable. Ensure the development of the PLC system is the simplest method and easiest to troubleshoot if problems were to occur. 
· Project planning – Project planning is vital to ensure the project goes smoothly. If the planning is done correctly first before the project proceeds it can limit mistakes and potential problems that could occur. Proper project planning with a Gantt chart to follow can ensure the tasks are being completed in the given time frame and time for setbacks and changes can be implemented within to cover any last-minute changes.

The expected outcome of this project is to be a fully functional safety interlock system. Having been fully tested and commissioned. It shall also contain a PLC design, that is used to make sure all points are covered and that the processes cannot continue until all the functions are correct. Also, ensuring the absolute best equipment has been used to carry out the SIS. 
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The type of project that is to be carried out is a developmental project. The goal is to develop the system, which will drastically increase the safety of the process and the workers within and around the area of the blast furnace in TATA. Research is to be carried out to figure out the best way to improve the process by adding more equipment to the already existing system. Ensuring all standards are met, the equipment is up to the desired ratings are standards expected by Tata, the upgraded system is commissioned correctly before the process restarting, and the project is done as safely and smoothly as possible. 

The type of research method that is to be used for this project will be observational. The observational method is to be used as it involves observing the behaviour of equipment under different conditions and watching to see what equipment works best to do the tasks needed. By rounding up two or three different versions/manufacturers of the same equipment, reading the spec, the data that will be collected will then be observational, from the specifications of each piece of equipment, a decision will be made and a conclusion as to why one of the pieces of equipment was better to use than the other. This is an example of structured observation. This research method will also be used to research different PLC systems and software to be used. [12] [13]

Within the project, contractors within the company will be used to pull the cables in for each component and install any containment needed for the project. They’ll be given information so that they can proceed early on within the project while waiting on the long wait items such as instruments. 

The project's reliability and validity will be down to the testing of the process when it’s complete. The PLC program used can be tested within Factory I/O before being tested on-site to ensure it is working correctly. The process will also be tested on-site without the use of slag (molten iron) material. The evaluation will be done at the end of the project, by simply testing the system thoroughly, to ensure the SIS is working correctly and as initially planned at the start of the project. 

When purchasing equipment for the project, the items must contain the UKCA markings which are the UK conformity assessed marking, the products use this to ensure they are up to the relevant standards within the UK. The UKCA marking must be used if the equipment is covered by legislation which requires the marking. [14] Previously only CE markings were needed within the UK. Another important standard to be used would be the BS EN ISO 12100:2010 which covers the importance of risk assessment and management of machinery as well as the general principle of machinery. [15] Another important standard to be met within this project would be BSEN 60204-1:2018. This standard is to cover the electrical equipment to be used on machinery and its general requirements. [16]

[bookmark: _Toc102499252]Resources & Planning 

Within the project access to different resources is key to being able to complete all the work needed. The use of software such as Factory I/O can ensure the system can be tested with no issues and risks. Factor I/O allows you to develop a system that replicates what is to be done on-site, while then attaching a PLC system directly to it to test it correctly. Different PLCs will be researched, and the right PLC will then be chosen. PLCs are excellent for this project as it eliminates most of the need for any manual switching. A ladder diagram is the PLC programme that’ll be used for this project as it is simple and easy to code as opposed to others like Function block diagrams and Sequential function charts. To proceed with this design project successfully I must also have full access to the safety standards of machinery and regulations within the industry. [17] [18] 



















Sensitivity: general


Sensitivity: general

1
Sensitivity: general

[bookmark: _Toc102499253]Gantt Chart

Alongside the project at the planning stage, a Gantt chart is key to be made to ensure the project is staying on track, milestones are set, and deadlines are set, therefore a Gantt chart has been made for this project. 
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Here is a closer look at the Gantt charts tasks for the project. The durations and tasks within this gantt chart will most likely be changed as the project progress’s. 
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Table 2. Identified Interlock Functions.

Sr. no
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Interlock Function

Over Temperature in Ion source components
RF power coupling mismatch in driver region
Ion Source contamination

Over current and voltage in HV power supplies
Fault in cooling water system

Fault in Gas feed system (GFS) at ion source
Fault in GFS at neutralizer

Over temperature in Calorimeter

Fault in Residual Ion Dump power supply
Fault in cryogenic system

Over temperature in neutralizer panels

DACS control crash

Action

PS switch off

PS switch off

PS and GFS switch off’
PS switch off

PS switch off

PS switch off

PS switch off

PS switch off

PS and GFS switch off’
PS and GFS switch off’
PS and GFS switch off’

PS, GFS switch off and shutdown
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