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Introduction
Due to the blast furnaces requirement of constant material input in order to continuously produce molten iron, there are obvious requirements for large valves that are used to control the flow of material into the furnace ensuring it is distributed within the furnace at its desired angle and flow rate.  The furnace top or BLT (Bell Less Top) system named BLT from its previous design, features six valves in sequence that work together to ensure that material being charged to the blast furnace can be transferred from atmospheric pressure to furnace pressure (1.50 Bar maximum) efficiently while retain our stockline or material depth in the furnace which aids a smooth furnace process and good furnace health. Therefore, these valves that are on the furnace top are critical to the furnaces iron production and any issues with them can halt production for however long it may take to repair or in the worst case scenario, order a spare valve which could take up to forty-eight hours. This outlines our requirement as a business to maintain these valves to maintain our production and meet our targets set by the business. 
The six valves in this sequences are placed around two hoppers, the receiving hopper and the material hopper. The receiving hopper receives material that is tipped by the skip, this can hold up to three batches of material which is three skips of material. After the receiving hopper has its full signal and the material hopper has depressurised through the use of the relief valve, the Upper Seal Valve unclamps and opens, the Upper Material Gate, that the material is sitting on in the Receiving Hopper and is above the Upper Seal Valve begins to open dropping the material in the Material Hopper that is currently as atmospheric pressure. Once the batches of material has discharged into the Material Hopper the Upper Material Gate will begin to close as there is no weight left to discharge in the Receiving Hopper. Once the UMG has its closed signal the Upper Seal Valve is able to close, this is reduce the chances of the Upper Seal Valve closing on material that could severely damage the valve.  As the material is enclosed in the Material Hopper, the Equalising Valve opens allowing the Material Hopper to pressurise to the top pressure of the furnace which is as previously mentioned maximum of 1.50 Bar. The Equalising Valve will then close when the Material Hopper has reached the pressure of the furnace top, then the Lower Seal Valve will unclamp and open, only once it is open the Lower Material Gate is able to begin opening, the Lower Material Gate will open a specific amount depending on the distribution code which allows us to change the feed rate of material onto the rotating chute within the furnace that distributes the material evenly. Following the same process as the other valves, the LSV will close, then the LMG to prevent material blockage. The Material Hopper is then able to depressurise ready for the next batch of material that is waiting in the Receiving Hopper. 
There is also a seventh valve called the Goggle Valve, this valve doesn’t operate in any sequence with the other valves and must be clamped open at all times, it is positioned below the LSV in the furnace top. It only ever used when work is being carried out on the furnace top system as an extra barrier of protection for the working party.
When comparing the Lower Seal Valve with the other five valves in this sequence, it is most important to understand that this valve is the most susceptible to wear, this is from dust and heat due to the valve being completely open to furnace pressure, therefore the LSV is nitrogen cooled allowing it to withstand the heat within the furnace, there is also a steam line to the LSV, the steam is used to ensure that there is no dust build up on the LSV, benefitting the operation of the valve and also prolonging the life of the valve by avoiding wear coming from dust particles within the furnace. Both of these ways of reducing wear and maintaining the valve must be maintained themselves due to the importance of this valve to furnace operation. It is critical that we maintain the valve itself and understand what components of the valve require changing when they do. 
[image: ]
This image shows a screenshot of the Gearbox cooling operating screen on Blast Furnace 5. As seen in the screenshot, the USV and LSV are illustrated above and below the material hopper. On the left of the image, the nitrogen supply to the LSV casing is shown as ‘0’, this is because the temperature setpoint is set at ninety degrees Celsius, which it is slightly over (shown in red on right of image), once the temperature is five degrees over the desired temperature setpoint, the nitrogen will be introduced in order to cool the valve casing at a volume of three hundred and fifteen metres cubed per hour which can be altered by the operator on the left of the screen.
Maintenance Review
As previously explained, the Lower Seal Valve is internally cooled by nitrogen as way of preventing any damage that could occur from overheating of the valve, the continuous supply of steam is used to prevent corrosion of the section of valve that is open to the furnace. However, due to the use of this valve on the Blast Furnace, it is critical our maintenance engineers understand ways in which we can prolong the valves life cycle through preventative but also reactive forms of maintenance. This could include changes of components on the valve, lubrication and planned inspection. 
    [image: ]
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Based on the maintenance manual given to TATA Steel by Paul Wurth, the manufacturers of the Lower Seal Valve, this inspection plan must be followed by TATA to therefore prevent unknown faults with the valve.  It shows each component of the Lower Seal Valve and how often maintenance engineers should inspect them for faults that could affect production.  This therefore gives clear instruction on when to plan for certain inspections and also the timescale in which we will likely begin to notice wear on the valve.  
Some key inspections that are outlines in the maintenance plan are that we must check all fittings and hoses on the lubrication  and hydraulic system, this is to prevent leaks and also to maintain hydraulic pressure due to the risk of lost hydraulic pressure causing the inability to operate the LSV.  Seal ring inspections must also take place to provide the valve with a secure seal in order prevent hydraulic and lubrication leaks onto other equipment on the furnace top. Maintenance engineers would also inspect the movement of the cylinder on the LSV to ensure it operates smoothly. Another critical planned inspection would be the checking of limit switches which would directly connect to the VDU screens in the control room on the SCADA system which allows the operators to see the movement of the valve and also the time in which the valve takes to open and close which can sometimes help with fault finding, therefore the maintenance and inspection of the limit switches to ensure they are positioned correctly, wiring and connections are in good condition and that the open and closed limits are displayed clearly in the control room is key. Finally, another example of inspections or preventative maintenance in which we carry out on the LSV would be the inspection of the wear protection condition. This would include the inspection of the steam supply system which as previously mentioned deters any dust build up which could corrode the valve. This would also be the inspection of the nitrogen supply lines to check for leaks, not only would this be due to the wear on the valve but due to the danger surrounding a potential release of an asphyxiant gas but also the cost of the nitrogen we are purchasing to cool the valve.
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Due to the criticality to production this asset has on the blast furnace, there are never any planned changes to the components as this would halt production. Therefore, we rely on inspections in order to give us information on what changes are required on the valve when a planned furnace stop is occurring, although this obviously depends on the outcome of the inspection as more important aspects to the valves operation for example, the hydraulic system, that may require work will require a furnace stop instantly.  Some examples of maintenance we would carry other than general inspections would be manual lubrication of joints on the valve, tightening of fittings on the hydraulic system and the change of hoses.
This method of maintenance has been chosen purely based on where the asset is in line with production. Due to this being essential to discharging material into the furnace this is the best type of maintenance. This is because ironmaking is dissimilar to other production methods where there may be a back up of a certain asset on the line which would not directly stop production if it is changed etc. Therefore, this method of maintenance that is chosen doesn’t effect production and if the asset requires work it can be carried out on an opportunity stop where other work can take place around the furnace. This chosen method is essentially breakdown and preventative maintenance, breakdown in terms of the valve itself that is open to the furnace being left until stop days to be inspected so if it were to fail when the furnace is on wind then we would have to stop production, however, in relation to preventative maintenance, the valve is inspected as per the inspection plan and any small changes like small leaks can be given a temporary fix until an opportunity stop.
Maintenance evaluation
On the one hand, using this method of preventive maintenance through the use of planned inspections and small fixes if required, we are able to maintain this asset and also maintain a good production rate, this enables us to acknowledge of failing parts and to plan to change them on a stop day, or if we are able to fix them with the furnace on we can. We can also use this method of maintenance in order to understand any patterns in failing parts, whether something in the production process is affecting the asset to point of continuous component failure due to having this fixed plan of inspections. Another benefit of our current method of maintenance is that by having preventive maintenance in place, we are able to stop any smaller engineering problems and fix them before they become large problems which can stop furnace production and most importantly have the potential to make an unsafe working environment, an example of this would be the prevention of smaller leaks on the hydraulic system which could lead to a loss in hydraulic pressure and therefore the inability to operate the Lower Seal Valve.
On the other hand, due to not being able to inspect the section of the valve that is open to the furnace, makes it difficult to understand how worn it is and how we can maintain the integrity of the valve as the only ongoing wear protection we have is the steam and nitrogen system to the valve. This could be seen as breakdown maintenance in terms of the section of the valve that is open to the furnace as we can only repair it on a stop day where we suspect it has failed. 
An example of an improvement to our current maintenance would be how we can inspect the current state of the Lower Seal Valve. Temperature could be used as a sign to tell us if the LSV is worn, a thermocouple could be placed on the LMG (Lower Material Gate) which is above the LSV on the furnace top which could indicate that the LSV is letting more temperature through a worn section of the valve that is open to the furnace, this could also indicate that the nitrogen supply isn’t being supplied to that section of valve. This would give engineers an indication of how long we are able to use the valve prior to complete failure and requiring a shut down in order to fix it. 
Another example of an improvement would be a change to the inspection plan, every shut down the valve should be opened and inspected for signs of wear, by inspecting the valve we are able to understand, as previously mentioned, if we aren’t supplying the correct amount of nitrogen or steam to the valve that is causing the wear. Other sections of the valve should also be changed during this period if they are showing signs of wear, rather than waiting for them to start affecting the valves movement for example, seals and gaskets, clamping and swivelling cylinder. 
Cost
In regard to the potential cost of these parts, this could be expensive for the business however it would save more due to the less downtime in order to repair the valve.  The first improvement would cost around £3000 to set up a thermocouple on the Lower Material Gate. This is based on the thermocouples cost which I have been quoted by the engineering department.  The thermocouple would cost around £200 however we would then require a specialist contractor in order to fit it to the LMG. 
The second improvement would mainly require time cost rather than monetary cost due to the manning required to change the valves components and fully inspect the interior of the valve. This could take up to twelve hours to complete with the furnace off wind, however, this type of work should be undertaken when there is larger work being carried out around the furnace which is keeping the furnace off rather than keep the furnace off for an inspection, which would not totally be required if the first improvement was implemented. 
Conclusion 
To conclude my findings on this assignment, after gaining information on how we maintain one of the most critical to production assets on site, I have gained an understanding that the majority of maintenance we carry out on this valve is preventive maintenance through the use of planned inspections and small fixes on the different components of the valve and on rare occasions we rely fully on breakdown maintenance in order repair the valve and restart production purely based on the application of the valve within the blast furnace. 
From my improvements, they can be categorised into short term improvements, long term improvements and also medium term improvements. The long term improvement would be the installation of a thermocouple to the LMG which would give us understanding of the wear situation on the LSV, however this is a long term project and could take an extended period of time to plan on where to place this thermocouple. The short term recommendation would be the start of regular internal inspections of the Lower Seal Valve in order to prevent breakdown maintenance and loss of production. Then, the medium term improvement would be in the introduction of regular changes of the Lower Seal Valve’s components even they are not fully worn, again, to prevent the risk of required breakdown maintenance and shutdown. This is classed as a medium term in my opinion as management would require a full cost benefit analysis in order to understand whether this method of maintenance is beneficial to the business and the blast furnaces production.
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2 PERIODIC INSPECTIONS

2.1 LIST OF PERIODIC INSPECTIONS
Periodically inspect and check the following components:

HOURS | WEEKLY |  MONTHS SHUT-
REF DESIGNATION 8 |24 1| 2|3 ] pown
01| Hydraulic system X

02| Lubrication system X

03[ swivel cylinder X

04| sealring X

05| Vaive seat heating X
06 [ Sperical fiap bearing X
07_ [ swivel cylinder movement X

08| Clamping cylinder movement X

‘Connection rod and supporting amm X
10_| Clamping cylinder X

1 it switches X
12| Gas tightness of drive unit X

13| Wear protection X

Note : shut-downs must be scheduled at least every three (3) months.
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intenance and Inspection

WARNING! Gas hazard!
Prior to enter any BLT components, check environment for blast furnace

AO gas, using gas detectors.

I necessary, use gas masks for the following repair work.

2. Vent the VAU casing firstif not done so before.
3. Open the VAU maintenance door to access the seal valve flap.

4. Remove the fixing bolts of the seal retaining ring and the four brass.
plugs. Save those for reinstalling them later.
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