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This assignment evaluates the effectiveness of maintenance strategies at TATA Steel Port Talbot, more specifically in the Blast Furnace department. As Gackowiec (2019, pg.126) states,
Maintenance is a term related to all activities and procedures, planned and not, which are undertaken to ensure constant accessibility of operational equipment in production plant.
By assuring proper repair procedures in a manufacturing organization, problematic machine defects and breakdowns can be avoided, and the negative impacts they cause can be reduced. This assignment evaluates the maintenance of a single piece of equipment, why the current maintenance method has been chosen, but also what can be done to improve the current approach while reflecting on the costs and resources required. 
[bookmark: _Toc131330413]Business background & equipment 

At Tata Steel Port Talbot, the integrated steel works comprises multiple distinct processes that take place successively throughout the site to transform raw iron ores and coal to semi-finished (slab) and completed steel products. The Blast Furnaces are continuously operational unless off for planned or unplanned maintenance. The process uses hot bast that is injected with coal at the bottom of the furnace which reacts with carbon materials to form carbon monoxide, reducing the iron ore as it travels up the furnace. 
	The piece of equipment chosen in this assignment is a crucial valve as part of the stoves system, it is used to produce the hot blast that is heated to around 950-1100 degrees with the current state of the stoves. The gas shut off valve (GSOV) isolates the mixed gas main that provides the gas to heat up the stove from the hot blast inside the stove. It is part of a triple block system , the area between the three isolation valves is purged with nitrogen before and after the stoves gassing cycle and when the stove is selected to blast the area between Gas Shut Off Valve 1&2 is pressurised with nitrogen. This is referred to as the Nitrogen Block. This valve is an essential piece of equipment and each stove on Blast Furnace 4 has two GSOV’s as an extra layer of protection. The triple block and bleed system is shown below, but this assignment will just focus on the GSOV. 
(Godwin, 2016)
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At TATA, most of the maintenance is carried out using a combination of breakdown maintenance and preventative maintenance. As discussed below, there are regular maintenance schedules carried out at a frequency in order to minimise the downtime that breakdown maintenance may require.  If performed correctly and on a frequent basis, the two of these maintenance models can improve productivity and total business production accomplishment.  Setiawan et al (2021), implies that the manufacturing yield will be lower the higher the breakdown maintenance expense. Preventive maintenance and breakdown maintenance variables both have a big impact on achieving output goals. This implies that these two factors together have an impact on the rise in manufacturing yield.
	During the first 6 months of operation of the GSOV subsequent to commissioning, as well as after major repair work,  all parts of the facility are to be subjected to frequent checks. Inspection and maintenance is split up into weekly, monthly and yearly work. A risk assessment should be used to decide the regularity and type of maintenance, fully accounting for:
· The guidance of the manufacturer
· Working conditions and use frequency ( temperature, corrosion)
· Hazards from any anticipated breakdown or incident based on user expertise and experience                                                          
 (Health and Safety Executive, 2023)
The guidelines for carrying out maintenance and inspections are found in the operation manual, an overview of this maintenance is shown below: (TH. Jansen-Armaturen GmbH, 2012).
Weekly Maintenance
This procedure involves visual checks of the filter clogging indicators, these can be cleaned or replaced if needed. The hydraulic fluid is checked, topped up and any leakage eliminated instantly, before topping up the hydraulic fluid the accumulator pressure is relieved so that the tank does not overflow. Also, the temperature of the fluid is checked with temperatures required between 40°C and 60°C. Cooling and heating process are controlled as needed. Pressure gauges are checked and any unusual noise such as switching and vibration should be detected and illuminated. All filters are checked from contamination and leakage from valves, the cylinder, motor, piping and hose connections. 
Monthly Maintenance
This maintenance is to remedy any damage or defects, checking the units mounting, piping and hose assemblies and cleaning/ tightening of filters, piping, flanges, fittings etc. The nitrogen charge pressure is also checked for the correct pressure or leaks. 
Six month Maintenance
This maintenance checks all of the pressure settings of the valve, for example the pressure relief, flow control or speed control valve. Cleaning repair work is carried out as needed, flow rates are also checked at this point (motors and cylinders). The operating pressures are compared to the setpoint values with any fluid contamination recognised and fluid analysis conducted if required. Alignment and hydraulic fluid may be changed at this point as well as the filter elements especially when contamination is detected. 
Yearly Maintenance
The yearly maintenance still requires the basic checks to be made such as checking for leaks etc.  However, wear and tear can be more apparent at this stage with a build up of rust or corrosion. Checking electrical connections and the operating temperature is also essential. Hose lines are to be replaced every 5 years but can be damaged in the meantime. In regards to the cylinders it may be suitable to replace the seals and gaskets. 
Preventative maintenance is the main approach that is chosen as it uses upkeep procedures not to repair a piece of equipment, but to stop failure from happening in the first place. However as Figueredo and John (2018) state, based on the intricacy of the processes, there are a number of planning challenges to overcome in order to meet the related restrictions and keep the system running without impairing business. If the maintenance is planned, the timing and way to carry it out will all focus on minimising the effect on production, however, breakdown maintenance is a very common approach used in TATA and can be harmful to production when unexpected. This breakdown approach will be discussed in the next section with improvements. 
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The preventative maintenance approach is used to minimise breakdowns, there is a clear maintenance plan in use at TATA however breakdowns do still occur. It may come to a point where the GSOV costs so much to maintain in resources or labour, the maintenance team should be assessing whether it is cheaper to replace the valve rather than keep fixing the same issues, for example the cost of downtime may outweigh the cost of replacing the asset, but long term its reliability will be beneficial to the business. Maintenance performance metrics assess the result of actions that use resources to keep an asset or return it to a condition in which performance is essential. Businesses aim to maximise the efficiency of machinery by setting up an extensive preventive maintenance plan. Total Productive Maintenance (TPM) is a theory which requires full engagement from all organisational levels. It uses a variety of methods some of which are universal, like Six Sigma, Pareto analysis, and Ishikawa's diagrams, as well as other concepts and devices like SMED (Single Minute Exchange of Die), Poka Yoke, OEE (Overall Equipment Effectiveness), and the 5S (Martins et al, 2020).
	As preventative maintenance is proactive, there are tools that can be used to assist this maintenance and try to recognise failures before they occur. The P-F curve is a broad illustration of what transpires with a machine, commodity, or part over time as it deteriorates and ultimately fails. It demonstrates the various phases of an asset's existence, the progression of machine failures, and the emergence of various signs that may indicate imminent (or real) failure. In a study by Van Horenbeek et al (2013), using the P-F curve, it was investigated whether installing a condition monitoring system into a wind turbine gearbox would be beneficial. The model also took into account the related secondary harm, which can be avoided with early discovery of possible failures. For the majority of assets, it can be challenging to identify the P-F interval in everyday use. The P-F trajectory from the incidence of early failure to the stage of functional failure may be linear for some age-associated degradations. For such situations, a simple projection using the slope of the straight line deterioration graph can be used to determine the P-F interval. However, in practice, non-linear degradation traits are present in the majority of machinery. As a result, determining the duration until failing becomes a difficult but essential task.
	As discussed above, TPM can be used to minimise production losses which in maintenance is caused by breakdown maintenance. TPM contemplates quality by striving for a zero product defect rate, and this entails no production loss or flaws, breakdowns, accidents, or wastage during process operating or process changes (Rich, 1999). Improving effectiveness of assets means that losses need to be recognised, these include downtime losses, speed losses and defects/quality losses. This would mean that equipment is able to work at its full design capability, however as Almeanazel, (2010) suggests, there are many changes that need to be made, involving operators in maintenance, operators to repair, taking corrective action, they need to be re-educated and re-designing equipment for maintenance prevention. These are all changes that are costly and TATA Steel is currently cutting back on spending and trying to save money wherever possible, there is also lack of manning and this approach would require manning to take on more responsibility and work potentially neglecting other areas of their job. TPM's core concept is to create equipment that is simpler to use yet maintains longer than they would previous. The next section of this assignment will concentrate more on the costs involved and the impact maintenance could have on the business. 
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To consider the cost and resources, this section will be based on a scenario of the GSOV being unavailable to carry out its required function, therefore needing a full valve replacement. The cost of downtime for the particular stove with the valve change will be considered. 
	There are three stoves currently in use on Blast Furnace 4 creating the hot blast for the furnace at 1100 °C. If the GSOV fails on one of these stoves and a new valve is needed the stove becomes non-operational. When one of the stoves fails to function, the usual stove practice is interrupted. The functioning of two stoves operation can be either scheduled or unplanned. The challenge of two stove operation is to avoid flattening (overworking) the two functioning stoves. When using two stoves, the combustion rate of the remaining stoves must be raised, typically to the maximum. In addition, the cold blast volume and blast temperature set point must be decreased.  The reductions allow the two stoves to maintain a hot blast temperature that is constant (Godwin, 2016). 
The procedure for when forced to go to two stove operations is:
· Reduce the blast temperature to 875°C.
· Maximise thermal input to remaining stoves.
· Reduce the total blast volume to less than 180,000 Nm3/h (including oxygen).
· Coal injection must be increased (usually 5kg/tHM for every 50°C taken off the blast temp)
· Increase oxygen enrichment
A summary of all these costs is shown below:
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The costs are based on a reduction of 70 tonnes per hour (tph) while a 16hr valve change is required, the cold blast flow to the furnace through the stoves would be reduced as soon as the operators are aware that two stove operations is required. A reduction from 250 tph to 180 tph would result in a loss off  £10,500.00 in liquid steel alone. This is without the addition of extra fuel needed to keep the furnace at the correct temperature as the blast temperature is reduced considerably to protect the two working stoves. An increase of 20kg/tHM of coke and 20kg/tHM of coal would be implemented as a new burden, the new burden enters the furnace at the top and would take roughly 7hrs to travel down to tuyere level at the bottom of the furnace. Coke costs £280 per tonne and coal injected from the granulated coal injection plant is £120 per tonne. This means that per hour at 180 tph x 20 kg/tHM coal/coke the furnace would be using 3.6 tph of coal/coke. 
Cost per hour 
Coke= 3.6*280= £1008
Coal=3.6*£120= £432
The total cost of fuel considers the 7hrs to allow the higher coke rate to come through the furnace, but also when the fuel is taken back off the new burden would take 7hrs to come through (14hrs in total to change fuel rates). 
Total cost of coal = £3,024 for 7hrs.
Total cost of coke = £14,112 for 14hrs while higher coke rate is a still present in furnace. 
This is approximately £27,636 worth of loss to the company for a valve change that does not shut down the furnace but uses a procedure to protect all other assets in the process. It shows just how important regular maintenance is so these losses are minimised. 
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To conclude this assignment, TATA Steel strives to use preventative maintenance on assets to avoid breakdown maintenance as much as possible, however, eliminating it completely is challenging as the tools suggested for improvement in this assignment require money and manning which there is a lack of in the company currently. The preventive maintenance carried out does minimise the amount of downtime required, it would be considerably more if the department was constantly responding to breakdowns. The current maintenance on the GSOV’s is thorough and frequent, but does not completely rule out failure and as the costs show, it can cost the company a considerable amount of money if the maintenance is neglected. As discussed above, there are a number of tools such as TPM which can work with preventative maintenance, however, TATA Steel is a long way from having a zero defect rate. This assignment highlights why the current approach has been chosen but also how it can improve as without maintained assets the company would not be able to produce the world class steel that gives TATA Steel its success/reputation. 
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