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Executive Summary	Comment by Jake Mowbray: A comprehensive summary which provides a clear plan to the work ahead. Although it feels like more of an introduction, think of an executive summary as an abstract- which will give away the key findings of the report.
Task 1 will cover the Unplanned Corrective Maintenance (UCM), Planned Preventative Maintenance (PPM) and Condition Based Maintenance (CBM) methods that commonly occur on sites of work to improve asset care.
Task 2 will be looking at the maintenances applied to a centrifugal pump and how it should be allocated and prioritised using the failure mode, effect and criticality analysis model (FMCEA) and a failure mode and effect analysis model (FMEA). Using the information gathered from FMCEA and FMEA a care improvement plan chich will cover how often maintenance will be carried out based on the ratings it was given in FMCEA and FMEA and by which department.
Task 3 will investigate a newly installed water-cooling supply system that is operated in a duty/standby configuration to determine what strategy of intervention should be implemented. To help in the investigation possible methods of monitoring will be looked at to help decide whether if a ‘run to failure’ method should be adopted or is PPM the better choice.
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Task 1
UCM
In reference to Mostafizur (2023) UCM, also referred to as “Run to Failure” in its simplest terms is to repair equipment when it fails or sustains damages. UCM can be split into two categories corrective and emergency. Corrective is when repairs are carried out in a non-emergency whilst emergency is when repairs must be done as soon as possible as that specific piece of equipment is integral to operations. As the name suggests UCM is not scheduled with it instead being performed at the earliest possible convenience based on priority after a breakdown occurs. As it is not planned this makes it more flexible than other methods as it can be performed any time after a problem occurs. The equipment that often undergoes UCM is that which cannot be monitored so the worker must diagnose the fault themselves. This strategy is also implemented when the cost of PPM and CPM exceeds it. However, this is rare since UCM can cause downtime in production. Along with is it may also other parts/equipment may sustain damage during the process. Another factor that may make this method less desirable is the fact that it will need a maintenance crew, and since it is not planned this may be hard to get as workers may already be preoccupied with already scheduled tasks. An advantage of this maintenance method is that it maximizes the Mean Time Between Failure (MTBF) and reliability of equipment since repairs are only carried out when needed.	Comment by Jake Mowbray: Abbreviation convention applied correctly. 	Comment by Jake Mowbray: Good detail on further categorisation.	Comment by Jake Mowbray: Proofread (pr) – Sentence structure/flow.	Comment by Jake Mowbray: Good consideration of business impact.
PPM
In reference to Blokdyk, G. (2020) PPM is an inspection that has been scheduled in advance to locate possible issues that can occur with equipment and resolves them before an incident occurs. How often PPM is carried out depends on the equipment. Like UCM, PPM is utilised with assets that are not monitored. It is also implemented where it is more cost effective then performing CBM. It is compulsory that PPM is performed with certain assets to prevent dangerous failures from occurring. The advantage of PPM is the minimisation of downtime since serious failures are less likely to occur, in turn, a reduction in maintenance costs may be seen due to a possible lack of secondary damages occurring. However, this method is not without its drawbacks with the first being the higher frequency of costs since it occurs more often more spare parts will have to be purchased along with labour. Along with this, to prevent a failure another one may occur due to the possibility of mistakes occurring during PPM.	Comment by Jake Mowbray: Harvard in-text citation does not need to appear in bold and does not need to be written as ‘in reference to’. 
It would be more effective to say: 
Blokdyk, G. (2020) states PPM is an inspection…	Comment by Jake Mowbray: Good consideration for operations and business. 
CBM
In reference to Drake, P.R. (1994) CBM is a method that involves real-time monitoring of equipment to detect any defects that it may have. When an issue it noticed the appropriate action will be taken to resolve it. This also helps identify potential failures allowing them to be resolved before becoming an issue. CBM monitors different aspects depending on the equipment. Factors monitored consist of changes in vibration, changes in temperature (through thermal imaging), changes in noise (through ultrasonic analysis) and changes in the wear of components (through oil analysis).	Comment by Jake Mowbray: Such as what? An example of issue and action from a case study or industry experience would be beneficial here.	Comment by Jake Mowbray: Range of monitoring examples.
Why is maintenance required?
In reference to Xenia (2024) there are many reasons to why maintenance is important. The first being the improvement of safety as if equipment is not maintained correctly then it can sustain dangerous faults that can develop into hazards. The following reason is to increase the equipment's lifespan. This is important as in most cases is more cost effective to repair something then replacing it. This can also reduce costs since the repair may resolve an issue that was causing a loss within the equipment, optimising its performance. In a work environment such as a refinery maintenance is especially important as it assists in sustainability as well-maintained assets tend to use up less resources, produce fewer emissions, less waste and operates with a higher overall efficiency. The final main reason why these different maintenances are important is because it companies and their employees comply with all the relevant standards, regulation and laws.	Comment by Jake Mowbray: pr	Comment by Jake Mowbray: A legal requirement. 	Comment by Jake Mowbray: Such as? Further detail and reference required.



Task 2
FMCEA
In reference to Dobson, A (2018) the FMCEA model is used to categorise the possible failures present in an equipment/system, evaluate the possible consequence of those failures and determine their significances. From this it can be decided what maintenance should be prioritised. From figure 1 it can be seen that the criticality of each section of the pump is split into four different sub-divisions with a rating ranging between 1-5 with one being the least critical and five being the most. Each subdivision is multiplied together to get an overall criticality score to determine what part of the pump is most essential to production. The next step was to determine the scores of additional factors such as times and the risk of damaging other components are multiplied together and then multiplied with the criticality score to determine what is most urgent. In the case of the pump the most urgent component was the impeller, whilst the least was couplings.	Comment by Jake Mowbray: This is the important bit. There is no real need to explain how the document work although it is appreciated. (When you are tight on wordcount it is better to leave this type of description out and assume the reader has the prior knowledge).
[image: ]
[bookmark: _Toc161847131]Figure 1 - FMCEA
FMEA
In reference to McDermott, R.E. (2017) FMEA is very similar to FMCEA however, it does not consider criticality. Figure 2 instead looks at what could go wrong with a component and the impact on the customer is could potentially have so a severity score can be given based on a scale of 1-10 with ten being the most severe. The occurrence is then determined based upon what causes the defect to happen. After this, a method of detection is given so it is known how easy the issue is to locate. One all three factors have been determined an RPN score is given by multiplying the ratings. As can be seen in the table a motor failure has the highest RPN score. A new RPN score is then determined based on recommended actions are decided, the department conducting the maintenance and what actions were taken. From the table the motor failure still had the highest score, however, it had decreased by 171 points.	Comment by Jake Mowbray: Good.
[bookmark: _Toc161847132]Figure 2 - FMEA

Care Improvement Plan
After conducting a FMCEA and a FMEA a care improvement plan was created based on the scores obtained along with the nature of the job such as its location and the type of component to determine what actions should be taken, how often and by whom. As can be seen in the table below the frequency of maintenance alters between jobs, for example, smaller tasks such as applying lubrication should be done daily whilst jobs consisting of replacing a component should be scheduled once it has failed as this is the most cost-effective solution.	Comment by Jake Mowbray: Sensible activities to carry out. 
[image: ]
[bookmark: _Toc161847133]Figure 3 - Care Improvement Plan














Task 3
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[bookmark: _Toc161847134]Figure 4 - Cooling Water Supply System Diagram
Obtaining Information
There are different methods of gathering data from the equipment depending on the type of information sort after. It is mentioned an exothermic reaction is a part of the process, which means that it releases heat. Due to this, temperature sensors should be used. In reference to TE Connectivity (2023) these devices measure temperatures are placed in strategic locations to ensure that the exothermic reaction is correctly regulated by observing the water temperature. Another key application are vibration sensors which should be used to identify unfamiliar vibrations within the pump to point to possible defects. The following apparatus that should be used are flow meters which (in reference to James Sword Research (2022)) measures the rate of flow of a fluid meaning that they should be installed to ensure that the chemical process vessel is receiving the correct volume of cooling water. Levels of pressure throughout the system can be monitored with the assistance of pressure gauges. It is important that pressure is observed since variations may be a sign of a blockage or a leak. In such systems PLCs are utilised to help control the system and allow for automated monitoring which allows for any unwanted changes to be brought to the attention of the operator swiftly and allow for appropriate actions to be taken. To monitor the level of water in the cooling water supply tank level sensors should be implemented, by installing these it can be made sure that acceptable levels of water are available for the operation. The final monitoring device used with the application are alarm systems which are in place to notify the operator of defects with any of the previously mentioned factors to allow for effective and timely intervention.	Comment by Jake Mowbray: Reasonable to assume elevated temperatures due to process reaction. 	Comment by Jake Mowbray: Sensible selection of monitoring devices.
PPM vs ‘Run to Failure’
When considering a maintenance approach there are two main possibilities, these being PPM and ‘run to failure’. Both choices each have their own merits and drawbacks. In reference to Mobley, K. (2001) The main advantage of PPM is that it tends to be the more reliable solution as frequent maintenance can detect and resolve issues before they escalate. This also allows equipment to last longer meaning that it parts will not have to be replaced as often, this also means that there should be a reduction in downtimes due to failures that could have been prevented if they had been noticed and resolved sooner. This reduction in downtime should allow for a smoother operation. The final advantage of utilising PPM is the improvement of safety. Safety levels will be improved as any potential hazards such as a pipe bursting thanks to flange not being properly secured which can injure nearby personnel due to high pressure should be noticed during an inspection and brought to the attention of the relevant department (maintenance in this example) so the issue can be resolved in the correct and safe manner.
[bookmark: _Int_OlirwGos]However, the PPM strategy is not without its flaws, with PPMs this is cost. Due to their frequency, not just money but time as well. Expenses must be spent on buying spare parts to replace old ones, also, money is lost to the equipment needing to be turned off to perform the PPM, although, the time turned off should not be as long as it would for ‘run to failure’. Although, downtime may not be an issue since the cooling water supply has a backup it allows for PPM to be performed on pump 1 whilst pump 2 pumps allow for water flow to continue. Time wise, time is lost as the PPM may push other jobs back to a later date meaning that deadlines will be harder to make. These same costs can also be cause by over maintenance which is caused by performing PPMs when it is unnecessary.	Comment by Jake Mowbray: Some realistic implications have been identified here.
In reference to Md Mostafizur (2023) the main reason to use the ‘Run to Failure’ method is that it can be more cost effective in certain scenarios since maintenance is only performed when an issue arises meaning that less is spent on spare parts to replace old ones when the old ones still perform as they should, this allows for resources to be allocated to other jobs that require them. This method is also easier to manage as there is no scheduling required unlike with PPMs since repairs are only carried out when necessary. 	Comment by Jake Mowbray: Yes, simpler to manage if the system allows for unpredictability- which it could do with the given system. 
However, the disadvantage of this strategy is that the downtime is unknown which can disrupt operations, but, because it is in a duty/standby configuration this downtime will be reduced thanks to the backup pump activating when the primary is down. The next disadvantage of this method is the higher chance of major failures which may make the entire system redundant for an unknown period. Which means a lot more time and money is spent/lost attempting to fix the issue defeating the main reason to why this method may be selected.	Comment by Jake Mowbray: Indeed- uncertainty in operations is not ideal.
Which strategy should be used?
I would use PPMs due to the system being a duty/standby configuration that it means that maintenance can be carried out on pump 1 whilst pump 2 performs the duties whilst a PPM for pump 2 will be scheduled for a different time. This means that operations should not be disrupted by maintenance eliminating downtime. This should also prevent a catastrophic failure like both pumps failing at the same time which would have a dire effect on the process, costing the company a lot more then it would have been to replace old/defective parts before they developed into a more serious issue. Also, by performing regular maintenance it increases the lifespan of equipment meaning that replacing it will not be as frequent which will be more expensive to a business then regular repair. The final justification is that it is the safer maintenance option due to potential hazards such as leaks or corrosion being mitigate before they cause harm to employees, the environment or equipment that may not be noticed when adopting a run to failure approach. This will not only allow for safer workplace, but it will also let the company comply with the relevant health and safety regulations, laws and standards helping them avoid potential, claims or legal action.	Comment by Jake Mowbray: Validation by reference to case study would be beneficial. 	Comment by Jake Mowbray: You have provided some justifications for your arguments on maintenance strategy. 
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