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Introduction
In this assignment a range of maintenance strategies are explored and considered, with reference to several scenarios in an industrial setting.

Task 1 
The Three Strategies
To clearly explain why the three strategies (UCM, PPM, CBM) are required when optimizing asset utilisation, it would be worthwhile discussing each strategy in turn with the help of a examples used in an industrial setting. 
UCM (Unplanned Corrective Maintenance) is a strategy whereby no maintenance is performed on a piece of equipment until it breaks or a fault becomes present. “Unplanned maintenance is any maintenance task that occurs unexpectedly. It happens when there is no formal strategy in place to address a repair, replacement, or inspection before it’s needed.” [footnoteRef:1]If warning signs are ignored (such as the measurably reduced output of a turbine, for example) then the turbine could fail. This failure could have potentially been prevented if the warning signs were heeded, and preventative measures were employed (such as regular lubrication of bearings, for example. There are, however, instances where UCM is the most logical strategy. This includes non-essential perishable components, such as indication bulbs.  [1:  https://www.fiixsoftware.com/maintenance-strategies/unplanned-maintenance/#:~:text=Unplanned%20maintenance%20is%20any%20maintenance,failure%20that%20was%20not%20anticipated.  Rockwell, 2014
] 

PPM (Planned Preventative Maintenance) is a strategy whereby a maintenance schedule is implemented on a piece of equipment. “The purpose of preventative maintenance is to prevent assets from breaking down by performing maintenance regularly – instead of conducting maintenance once failure has occurred”[footnoteRef:2].  A number of factors come into consideration when deciding on the frequency and level of maintenance scheduled. An FMECA (Failure Mode Effect and Criticality Analysis) will be used to judge the consequences of a given asset if it were to fail, such as what other pieces of equipment would be affected by its failure, and how critical it is to the operation of the larger system/plant. If the FMECA score is high, then more frequent maintenance may be scheduled to prevent failure. The above-mentioned turbine would be a fitting example of where a PPM strategy may be logical, especially if the turbines operation is key to the safe functioning of the plant.  [2:  https://www.hansfordsensors.com/blog/2020/11/25/the-pros-and-cons-of-different-maintenance-strategies/  Hayworth, 2011] 

CBM (Condition Based Maintenance) is a “maintenance strategy that monitors the real-time condition of an asset to determine what maintenance needs to be performed[footnoteRef:3]”. These conditions are used to judge whether maintenance is needed. Different types of monitoring equipment are used in this strategy, such as heat and vibration sensors. Again, a turbine can be used as an example whereby the temperature of bearings is monitored to ascertain whether they are lubricated well enough. This strategy is commonly used when a frequent, minor maintenance is required.  [3:  https://www.reliableplant.com/condition-based-maintenance-31823 Condition Based Maintenance, Jonathan Trout, 2014] 

Strategy Combination from an Operational, Business and Legal Perspective. 
Operationally, as seen from the example of the turbine, all three strategies can be implemented even with a single asset. This is because most assets have separate components, with each strategy suiting each component depending on its purpose. For example, a combination of PPM and CBM could be used for the bearings; PPM to conduct scheduled checks on the components, whilst also maintain a more constant CBM monitoring to highlight any unexpected issues. A UCM approach could also take place with regards to the less vital, perishable components of the asset, such as any indication bulbs. 
From a business point of view this multi-strategy approach will hopefully maximize profitability, achieving a balance between ensuring that the equipment does not fail whilst at the same time not spending too much on maintenance costs. 
From a legal perspective, it is actually a requirement by law that potentially dangerous equipment is looked after and maintained in a responsible manner, as found on the HSE website “Safety-critical parts of work equipment may need a higher and more frequent level of attention than other aspects, which can be reflected within any maintenance programme. Breakdown maintenance, undertaken only after faults or failures have occurred, will not be suitable where significant risk will arise from the continued use of the work equipment.”[footnoteRef:4] [4:  Maintenance of work equipment - Work equipment and machinery (hse.gov.uk)] 

Task 2. 

Asset Care Assessment 

When conducting an asset care assessment there are many factors that need to be considered with regards to the functioning of a piece of equipment. When assessing a centrifugal pump, such as the ones found on the Butamer unit in Valero, Pembroke, for example, there are many different components that have differing maintenance requirements, based on the level of importance with regards to the overall functioning of the pump itself. 
To develop an asset care improvement programme for a centrifugal pump, the first step would be to highlight all issues/potential issues with regards to the pump. After a full clean of the pump, the assets’ maintenance requirements can be assessed. This is also known as an FMECA.  “A Failure Modes, Effects and Criticality Analysis (FMECA) is a methodology designed to identify potential failure modes for a product or process, to assess the risk associated with those failure modes, to rank the issues in terms of importance and to identify and carry out corrective actions to address the most serious concerns.”[footnoteRef:5] [5:  https://www.weibull.com/basics/fmea.htm Weibull 2018] 

The scoring for the assessment is commonly based on 8 different factors:
	Factor A
	Consequences of failure with respect to product quality 

	Factor B
	Consequences of failure with respect to the safety of personnel and plant

	Factor C
	Consequences of failure with respect to the environment

	Factor D
	Consequences of failure with respect to the business 

	Factor E
	Mean Time To Repair

	Factor F
	Mean Time Between Failure

	Factor G
	Secondary damage/ Repair time

	Factor H
	

Lead-time for spares / Repair cost





All factors will be scored out of  5, with the total scores giving an indication as to which areas need to be given attention, based on the FMECA score. The highest scoring components will be the most vital with regards to maintenance.

Centrifugal Pump Asset Care Assessment
[image: ]
Asset Improvement Plan
The next logical step of this process would be to rank each component of the centrifugal pump, based on the score. The result would be: 
1: Motor
2: Bearing Housing
3: Impeller and Shaft
4: Coupling
5: Bearings. 
6: Seal and Casing
Judging from the results, it may seem obvious that the motor and the bearing housing need the most attention with regards to an improvement plan, however that may not necessarily be the case. If one were to look at what each factor entails, Factors A-D refer to the failure modes, ie; what would happen if the component were to fail, whilst Factors E-H refer to maintenance related issues. It is unlikely that factors A-D can be improved upon, as the consequences will most likely remain the same. Factors E-H on the other hand can be improved upon with a more stringent maintenance schedule, increased availability of spares, and an increase of CBM equipment, such as temperature and vibration monitoring devices. 
Below is an Asset Improvement Plan based on the results of the Asset Care Assessment.
	Motor
	Increase PPM maintenance frequency from 6 to 4 months. Visual checks on all electrical connections, cleaning where necessary, CBM continuous monitoring of power output, with any discrepancies resulting in immediate work order issue for investigation.

	Bearing Housing/Bearing
	Increase PPM frequency from 6 to 3 months. Overfill bearing housing with lubricant and rotate shaft, thus coating bearing. Visual inspection of bearing housing, check for leaks.
“All bearings will eventually fail, but in most cases, failure is caused by the lubricant or lack thereof, not equipment fatigue.” [footnoteRef:6] [6:  https://www.rasmech.com/blog/centrifugal-pump-maintenance/ Ramussen 2015] 


	Shaft
	Use DTI (Dial Test Indicator) to ensure correct alignment of shaft and coupling (every 6 months).

	Impeller
	Increase inspection frequency to check for cavitation, annual to 6 monthly.

	Coupling
	See shaft.

	Seal
	Replace seal every six months, flush through with oil weekly to ensure the seal is not leaking or has perished.




Task 3. Maintenance Strategy

A: Monitoring Equipment
With regards to the safe and efficient running of centrifugal pumps in an industrial setting, the most important variables to monitor are temperature, flow/output, vibration, and level (of the supply water tank). There are multiple options and ways in which these variables can be monitored. T
Temperature and Vibration
At Solero, Field Operators are required to conduct daily maintenance checks on the equipment that they are tasked with running. This frees up the maintenance departments to do other work. In other existing areas of Solero, hand-held instruments are used by the Plant Operators to monitor the temperature and vibrations of equipment, the results of which are then logged, with any discrepancies further investigated. This form of CBM is beneficial as it is not too costly. It is also practical due to the fact that any part of the pump can be monitored, so if there were to be a discrepancy (a high vibration coming from the bearing housing, for example) then maintenance can be called in to look at that specific part of the pump (once the standby pump has been brought into service). 
Flow/Output
The flow of the water leaving the pump will need to be continuously monitored whilst the pump is running. This is due to the fact that the cooling water needs to be in continuous supply of the vessel. If for any reason the supply is cut or drops to an unsafe level, this could initiate a shutdown of the vessel, and potentially the whole unit that it belongs to. 
A venturi flow meter would be a viable option for this purpose, whereby the flow is calculated via the measuring of the pressure at two different diameters of the flow pipe. This in turn allows the flow to be calculated. 
Level
The level of the water tank will need to be constantly monitored, to ensure that the pump can continuously run if needed. Whilst there are many types of level transmitter to choose from (a nucleonic level detector can be used to measure levels of corrosive substances, for example), an optical low-level sensor would suffice, whereby the light entering the sensor would alter when it wasn’t submerged, thus initiating the alarm. This would inform Operations at Solero that the supply water tank was reaching a low level, allowing for it to be refilled. 
B: Advantages/Disadvantages of Run To Failure
A Run to Failure approach with regards to the scenario has one main advantage: short to mid-term financial savings. This is because maintenance costs money in multiple ways; the cost of labour, the cost of parts, and the cost of downtime. Adopting this approach does negate all of these costs. The fact that there are two pumps means that when one does eventually fail, the other can be brough into use, preventing any serious process incident. 
The main disadvantage with this strategy though is the fact that any degradation of equipment is not stopped or prevented. Whilst this prevents short term costs as mentioned, it will most likely incur high costs in the future when equipment fails. Such failures could potentially be prevented with condition monitoring and PPM. Even though there is the standby pump, this does not negate the fact that labour and financial costs will be high when one pump fails. 
Advantages/Disadvantages of PPM
With respect to the scenario, the main advantage of a PPM strategy is that it will help prevent failure of the pump, by not allowing any emergent issue to become too serious. This will incur short term costs such as labour, though money will be saved due to the prevention of failure. Depending on the overall strategy such labour costs could be seen as a disadvantage if there is a short-term plan in place. 
Choice of Strategy (Operational, Business and Legal)
Operationally, the PPM strategy would best fit the scenario. This is because the two pumps in question are part of a larger process that is vital for efficient operations at Solero. Yes there is a standby pump in case one were to fail, but there is a possibility that that one could also fail it is not adequately maintained. 
From a business perspective, the PPM strategy would fit the scenario. Whilst short term costs would be higher, the chance chances of a serious equipment/process failure are severely lessened. 
Legally a PPM strategy is the most prudent option. If equipment were to fail, there is the risk that someone could get hurt. If this happened and equipment was found to be irresponsibly maintained, then Solero would most likely be found guilty of negligence and fined. According to the HSE website companies must “maintain plant and equipment regularly – use the manufacturer's maintenance instructions as a guide, particularly if there are safety-critical features”. [footnoteRef:7] [7:  https://www.hse.gov.uk/toolbox/machinery/plant.htm ] 
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