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Task 1. Maintenance Strategies

Explain why a combination of maintenance methods (UCM, PPM, CBM) are required when optimising asset utilisation in order to satisfy operational, business and legal requirements.  

Within maintenance, there are a number of different strategies which are used to ensure that standards are met, this includes operational, business and legal. For these standards to be met, it is beneficial to use a range of maintenance strategies together in relation to one another as part of a complete maintenance plan. 

One of these strategies is Unplanned Corrective Maintenance (UCM), is a maintenance strategy where no maintenance is carried out until the system fails or there is an issue (also known as Run to Failure). This strategy is typically used for small non-essential components which can be repaired fairly quickly and of which there are a lot of spares readily available. However, this type of maintenance is not suitable for essential or dangerous pieces of equipment. 

Planned Preventative Maintenance (PPM) is a strategy where maintenance is carried out after a certain amount of time to reduce the probability of a breakdown and to correct any faults or defects before a breakdown occurs. For this to take place the staff will need to be aware of the specific components history and previous failures to give an estimate of the time period between failures (Sagnier, 2018). This is important so that you do not let the component run for too long causing a total breakdown. Also, so that you do not maintain the component too early, thus taking it out of service too often and losing money. 

Condition based maintenance (CBM) is a strategy in which maintenance is carried out based on the condition of the system and the components. This requires constant inspection and testing to check the wear and performance of the components. This is used within many maintenance plans as it can be seen as saving the company money and time. This is due to maintenance only being carried out when it is necessary and before the system has failed. based on the information collected through condition monitoring. It consists of three main steps: data acquisition, data processing and maintenance decision-making. Diagnostics and prognostics are two important aspects of a CBM program. “in CBM, a damage parameter is continuously monitored by a structural health monitoring (SHM) system, whereby maintenance is requested when the value of damage parameter exceeds a certain threshold.” (Dong, T., Hafta, R & Kim, N. 2019)

These three types of maintenance are typically used in conjunction with one another to construct a maintenance strategy. They will all be used for different pieces of equipment dependant on their criticality, safety and type of equipment. For critical pieces of equipment or dangerous parts of the process, PPM or CBM is used. For example, a critical pump which would cause major issues if it was to fail will need to be constantly monitored to check the condition of the pump and whether it was working correctly or within the operable limits. By using CBM, trends can be found to see what the most common failure mode is or what component is has the smallest mean time between failures. This can then determine how often planned maintenance can be carried out to maximise productivity whilst also ensuring the safety of personnel or plant. This will then help to adhere to business Whilst PPM is used periodically based on the trends found, CBM will still need to be used to monitor the condition of the components and this can include daily visual checks to look for any signs of wear, routine checks of vibrations, temperature and pressure.

Task 2. Asset Care Assessment 
Assets deteriorate over time which risks affecting production requirements.  
For an asset that you are familiar with at your place of work, conduct an asset care assessment. 
Based on your assessment, develop an asset care improvement plan and describe how this might be implemented.
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Figure 1

One piece of equipment on site at Valero that requires good asset care is the Wet Gas Compressor (shown in figures 2 & 3) on the Fluid Catalytic Cracking Unit (FCCU). The purpose of this piece of equipment is to transfer a large volume of gas from a low-pressure system to a high-pressure system by compressing it. This compressor is a centrifugal compressor which accelerates gas using blades on a rotating impeller and converts the energy into high pressure. This is a vital component within the FCCU and cannot afford to be offline. 
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Figure 2                                                     Figure 3


As this piece of equipment is so vital to the unit and to the process as a whole, a lot of care is given to it and it is constantly checked and monitored to ensure that it is constantly running smoothly. As shown in Figure 1, the operations team for the FCCU will follow an asset care procedure and carry out a series of steps to ensure the compressor is correctly maintained. Firstly, as with all essential equipment on site, the compressor will be clearly tagged as well as all of its components. This is so plant operators are aware of its location and the location of its main components. Next, it is vital that the components are free from any contaminants and are regularly cleaned so that it is easier to identify and carry out work on. One of the main checks which needs to be carried out on the compressor is the lube oil pressure. As the compressor is made up of a series of impellers, it is important that they are lubricated well so they do not seize or run hot and cause damage to the equipment. To ensure that these levels and temperatures are correct, the plant operator will carry out checks on the compressor every day as part of their rounds. To ensure that these are completed, the operator is given a task list on a handheld device (which includes other tasks to be carried out). On this handheld, the readings for the compressor will need to be entered daily. This includes the pressures, speeds, temperatures and levels within different components of the compressor. 

As well as the daily checks which need to be carried out on the compressor, there are also auto cut in checks which are carried out every 10 days. These are checks which are carried out to ensure the back-up power supplies will cut in if there is a failure. For the compressor, the failure which will cause an auto cut is low lube oil pressure. The lube oil is powered by an electrical pump which allows the pressure to be kept at a certain level. If the electrical pump fails or trips, then a steam pump will automatically cut in and continue to pressure up the lube oil. If this does not cut in, then a diesel generator will cut in, again allowing for the lube oil to continue to be pressured.
 [image: ]
Figure 4

Figure 4 shows the lube oil reservoir where the lube oil is stored and pumped into the compressor from. This is where the auto cut-in checks are carried out. 
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Figure 5

Figure 5 shows the electrical powered pump which feeds the lube oil into the compressor and ensures that the level and pressure of the lube oil is kept at a certain level. Figure 5 also shows a steam powered pump which is a back up to the electrical pump and will automatically cut in if the electrical pump fails, ensuring the lube oil is still pumped into the compressor.


Task 3. Maintenance Strategy
Solero Energy Systems has recently installed a Cooling Water Supply System consisting of two new electrically driven centrifugal pumps (Figure 1). 

The pumps will be operated in a Duty / Standby configuration and should always supply cooling water to a chemical processing vessel carrying out an endothermic reaction. You are leading a maintenance department assessment of the new equipment to determine the most appropriate intervention strategy. In order that a maintenance strategy can be put in place, operating information must be gathered from the new plant. 

Figure 1: Cooling Water Supply System[image: ]

a) Explore the range of monitoring equipment which can be used to obtain this information. 
· Vibration tool – a tool which is pressed against the various parts of the pumps which will measure the level of vibration.
· Temperature gun – a tool which points a laser at various parts of the pump to measure their temperature in °C
· Level sensor – A sensor which is used to show the lube oil level within different parts of the pump. This could include a sight level gauge for operators to physically see the level.
· Pressure Gauge – A gauge which will show different pressures within the pump including discharge pressure, lube oil pressure and suction pressure. 

b) With respect to the above scenario and equipment, discuss the main considerations as well as the advantages and disadvantages of adopting either a run to failure or a planned preventative maintenance strategy.  

Run to Fail (RTF), is a maintenance strategy which consists of running a piece of machinery until it completely breaks, thus using it to its full lifespan. Dutschke (2022) refers to RTF as “Unlike unplanned & reactive maintenance, proper run-to-failure maintenance is a deliberate and considered strategy that is designed to minimize total maintenance costs.”  RTF is a contentious strategy and is not suitable for specific machines or components. This maintenance strategy is considered an effective method for small non-critical and non-significant components which can be replaced quickly and easily. When RTF is implemented, it is important that critical spares are available on demand, so to reduce downtime by replacing the component quickly after failure. Furthermore, RTF could be used as there is a backup pump that would be used if pump 1 was to fail. One advantage of this strategy is that there will not be much downtime on the pumps for regular maintenance and will free up man power to be used elsewhere on a unit. As well as this, there will be a lower maintenance cost for the most part as regular maintenance is not being carried out. A disadvantage of this strategy is that if one pump was to fail it would be much more difficult to repair and may have an impact on other components within the system. As well as this, there would be a greater amount of downtime one pump 1 and may be out of service for a long time. This could be detrimental to the cooling system as, if the pumps do not have an automatic cut in, the water supply will stop until the standby pump is manually started up. 

Another maintenance strategy which can be used is planned preventative maintenance (PPM). PPM is a strategy in which “is essentially a scheduled maintenance routine, set out to ensure machinery, services and equipment are all maintained at regular intervals.” (ECMS, 2017). PPM is a strategy used to minimise the risk of complete failure by maintaining the components well before they reach the end of their lifespan. One advantage of using PPM is that it will increase the safety of the system and will reduce the risk of there being a failure as the operator will be able to continuously monitor the condition of the pump as well as continuously maintain the pump and make improvements. One disadvantage, however, is that there could be increased costs due to maintenance being carried out more frequently. In doing so, the pump will need to be taken out of service more often and will However, there could be increased cost with RTF as there could be complete failure of a component which could, in turn, cause more damage to the other components within the system. SMGlobal (2019) argues that “A reactive approach to equipment maintenance means waiting for something to break before you fix it. This means you are not really in control. You will be scrambling to fix problems as they occur. Preventive maintenance plans allow you to take a more proactive strategy.”  


c) Select which strategy you would adopt, providing your justifications based on operational, business and legal requirements.

The two maintenance strategies mentioned in part b could both be used for the scenario provided. Of the two which are provided, I believe that planned preventive maintenance would be the best option and would be the strategy which I would use. I would choose this due to the criticality of the component to the process and the safety issues it could pose to plant and person. Although this strategy would be more expensive in the day to day operation of the plant, it would be less expensive than if there were to be an issue and a complete breakdown, as the process would not be able to cool the product and could lead to issues further downstream. If this occurs, then there may need to be a greater level of maintenance or repair work carried out to resolve the issue, costing a greater amount of money. To avoid unnecessary maintenance being carried out, I would also implement a CBM factor to the plan, where the condition of the pumps would be checked daily and readings taken from the various gauges measuring devices. Furthermore, if one pump was used continuously on an RTF strategy and it underwent a complete failure, it may need to be replaced fully which could take up a lot of time and man hours. This could be costly as it would be expensive to replace the pump with a new one and would take man power away from other jobs. As well as this, the pump would not be able to be used for a large amount of time and would mean that, if pump 2 was to fail during this time, there would be no way of feeding the water to the cooling system, causing major issues to the process. Whereas, if PPM was used, pump 1 would be out of service for a short period of time to carry out maintenance, ensuring it was to a good standard and would then be able to be put back into service upon the completion of the maintenance activities. 

Mechanical Services LTD states that “Routine PPM includes statutory maintenance to comply with building and Health and Safety regulations. For example, you are required by law to undertake the following:

· Gas Services Management
· Testing & Inspection of Electrical Systems
· Management and Treatment of Water Systems
· Management of Pressure & Aircon Refrigeration Systems”

Therefore, by law it would not be applicable to use an RTF strategy on a cooling water system such as this, so CBM would be the most effective and relevant strategy to use.
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