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1. [bookmark: _Toc99571512]Introduction
This report will seek to explain maintenance strategies and asset care methodologies using a variety of examples from industry. Asset care strategies will be explored with the development of an asset care improvement strategy undertaken. An appropriate maintenance strategy will be selected based on the operational, legal and business requirements of the asset.























2. [bookmark: _Toc99571513]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.  
The function of maintenance is to sustain the integrity of assets by repairing, modifying or replacing them as necessary (Kelly, 2006). The maintenance strategy is the management method used to achieve this sustainability. A good maintenance strategy is one that achieves high uptime for key equipment at low maintenance costs. Managers may use different strategies in order to satisfy operational, business and legal requirements. (Adapted, Adams, 2019). Maintenance strategies which may be used can be seen in figure 1.

Figure 1- Maintenance Strategies (Gulati, 2013)
Whilst each individual strategy has its own merits, a combination of methods is needed when optimising asset utilisation. When referring to UCM Adams (2019) states that this maintenance approach should be selected only when the cost of “fixing” is less than the cost of proactive prevention. Such a case may be where the spare part, or indeed the equipment itself, can be replaced very cheaply, or where the operation can function adequately for a while without the use of the asset. (Air-conditioning equipment for administrative offices is sometimes used as an example of this). However, where the cost of the asset being out of service is greater than the cost of repair proactive prevention through PPM or CBM is needed.
As CBM monitors machinery condition in order to identify trends which can lead to reliability issues it can warn of many problems in order to minimise unexpected failure, reducing the need for UCM. By reducing unexpected failure effective CBM can lead to; increased equipment utilisation and life, reduced maintenance repair costs, minimised costs that result from unnecessary overhauls, disassembles and PM inspections, reduced requirements for emergency parts and labour and provide vital information for continuous improvement, work and logistical planning. (Adapted, Gulati, 2013).
Gulati, (2013) also states that CBM does have its limitations; it cannot eliminate defects and problems, or stop assets from deteriorating, or reliably and effectively warn of fatigue failures, hence an effective maintenace stategy needs a PPM element. 
The actions of PPM are designed to detect, preclude, or mitigate degradation of a system or its components, again limiting the need for UCM by replacing or repairing components before they fail. PPM succeeds where CBM doesn’t by eliminating defects and problems before they cause failure by systematically maintaining them on a periodical basis, however this does not preclude the need for condition monitoring as PPM intervals done on OEM recommendations can be incorrect due to the vendor not knowing how the equipment will be used, changing in working loads of certain pieces of equipment mean that pre-approved PPM intervals are no longer appropriate and that failure is not always predictable.
It has been shown that although UCM, PPM and CBM all have advantages which makes them a suitable maintenance strategy on certain equipment in certain scenarios, due to weaknesses in their nature in order to form an effective maintenance strategy they need to be used in conjunction with each other.









3. [bookmark: _Toc99571514]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
Control valves are used extensively to regulate flow in many areas of Valero Pembroke Refinery. Control valve 17-XV-1089 is used on the Amine Recovery Unit to control flow into maintaining level in the Rich Amine Surge Drum (17-F-103). A level transmitter on 17-F-103 supplies a signal to the site operations control system (Delta V) which in turn provides a signal to 17-XV-1089 to open or close, feedback to Delta V is provided by a positioner on 17-XV-1089. The asset consists of five component parts; valve, actuator, I/P, valve positioner, electrical supply and air supply. 
[image: ]
Figure 2 - Control Valve (Siveran, 2018)
Assets such as 17-XV-1089 deteriorate over time. In order to devise an appropriate maintenance, plan an asset care assessment needs to be conducted. One method of doing this is to use a failure mode, effects and criticality analysis (FMECA). The FMECA is a systematic technique that guides a review of a system, sub-system, or item for all potential failure modes.  This technique takes into the account the probability of a functional failure occurring and the consequences of the functional failure. The criticality potion of the technique allows the team to place a value or rating on the specific failure mode, allowing for evaluation and prioritization of the failure effect. (Kovacevic, 2018)
The components of 17-XV-1089 will now be given a rating based on the effects of if they were to fail, a brief explanation of ratings will also be given. An asset care improvement plan will then be suggested based on the results. The components will be assessed on factors A-H seen below and rated accordingly, these ratings are then multiplied together A-D and E-H with the totals added to give a final criticality.Figure 3 - Criticality scoring
Criticality scoring
Factor A – Quality Criticality Assessment
Factor B – Safety Criticality Assessment
Factor C – Environmental Criticality Assessment
Factor D – Business Criticality Assessment
Failure modes and effects scoring
Factor E – Mean time to repair Assessment
Factor F – Mean time between failure Assessment
Factor G – Risk of secondary equipment damage or repair time Assessment
Factor H – Spares lead time or Repair cost Assessment

The criteria for ratings can be seen in appendix I.
The results of the criticality analysis can be seen in figure 3
[image: ]
Figure 4 - Criticality analysis result 17-XV-1089
From the criticality analysis it can be seen that the valve and actuator will have the biggest impact should they fail, this is followed by the I/P and valve positioner and finally the electrical supply and air supply. As part of a wider assessment encompassing assets site wide the scores could be used in order to categorise the components as vital, essential, supporting or non-critical, with assets with scores in the top 10 percent being vital, seventy to ninety percent being vital, forty to 70 percent being supporting and everything below being non critical.

In order to produce an asset care improvement, plan it is important to recognise Valero currently operates a combination of UCM, PPM and CBM in order to maintain this asset. PPM is carried out on the asset every six months, during this maintenance a simulated electrical signal is put to the I/P and the control function of the valve is tested ensuring the valve will go fully open and closed when asked and control accurately in between. If the valve performs as expected no further maintenance is carried out, if the valve does not perform as expected, maintenance to rectify problems is carried out (CBM). During this test the external condition of the valve, actuator, air supply and wiring are also inspected. The internal workings of the valve and actuator are not subject to maintenance and hence an element of UCM exists. It would appear strange that the most critical parts of the asset are effectively allowed to fail before any parts are replaced, however valves and actuators have long lives and are very durable, they would also have to be removed for maintenance which would result in business losses from having the unit off line whilst this was done as it, in itself is a critical piece of equipment. All maintenance is performed by maintenance department.

Based on the results of the FMECA analysis it is important that the assets are maintained to prevent failure. This could be done by having operators play a more prominent role in the maintenance of the asset as part of a Total Productive Maintenance program. 

‘How to Implement Asset Care’ is a 2019 document produced by Rolls Royce Plc documenting how they implement their asset care program. This strategy will be looked at and applied to 17-XV-1089 in order to develop an asset care improvement plan. The Rolls Royce strategy focuses on Operators managing their own asset care activities, supported by maintenance. Operators are expected to visually detect abnormalities in process equipment at a glance so potential failures are dealt with before they escalate. This constant monitoring is then supported by the CBM, PPM and UCM maintenance plans already in place and executed by the maintenance department.

In order to execute this Rolls Royce, suggest a 7-step process this can be seen in figure 4.

[image: ]
Figure 5 - Asset Care Improvement Plan (Rolls Royce Plc, 2019)
This step-by-step process can be applied to Valero








Figure 6 - Asset Improvement Plan
It has been seen that elements of an asset can be prioritised for maintenance using an FMECA scoring system, this information can then be used in order to produce an asset care improvement plan aimed at minimising the down time of the asset.1. Initial Cleaning and Tagging – Introduces routine cleaning and inspection by operators, focusing on the main body of asset. Exposes abnormal conditions such as; broken or damaged parts, wear and tear, play or looseness, misalignment, leeks and defects hidden by dirt.
2. Eliminate causes of contamination – Prevents deterioration by stopping problems at source, makes cleaning and inspection easier.
3. Prepare cleaning and lubrication standards – Standardises cleaning, inspection and lubrication tasks.
4. Improve inspection and technical skills – Provide education and training to operators on general elements e.g., lubrication, pneumatics, valve maintenance etcetera
5. Operator self-managed standards and visual controls – Provide and use visual controls so that any minor deviation from normal/optimal conditions are visually detected.
6. Standardise procedures – Working practices are standardised and documented so that abnormalities in process, equipment and products can be determined at a glance.
7. Full cell-based care routines – Cell based team; in Valero this could be facilitated by each shift having responsibility for different assets managing their own equipment care activities supported technically by maintenance technicians. Basic equipment conditions are maintained by following the standards set in steps 1-6, process losses are reduced to a minimum.



















4. [bookmark: _Toc99571515]Maintenance strategy

[image: ]
a)	Explore the range of monitoring equipment which can be used to obtain this information. 
[bookmark: _Hlk99566577]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.  
[bookmark: _Hlk99570687]c)	Select which strategy you would adopt, providing your justifications based on operational, business and legal requirements.
[bookmark: _Toc99571516]4.1 Monitoring equipment#
There are a number of sensors which can be fitted to a pump in order to gather operating information. These include.
Pump current - measured by using a current transformer connected to a pump controller or monitoring unit. The pump current level is an important parameter to monitor, and helps detect fault conditions such as:
· Overload
· Clogging
· Hydraulic wear
· Cavitation
· Wrong rotation
· Phase failure
· Dry run
Pump motors can have temperature guards built into the stator windings for protection against overheating.
Vibration monitoring detects a number of fault conditions: 
· Bad attachments
· Loose and broken parts
· Defect bearings
· Clogging
· Cavitation
· Phase loss
· Wrong rotation
· Natural frequencies  
Leakage Pumps with oil housings can be fitted with a water in oil sensor. It detects and warns for a water in oil content. This initiates oil service. At a point when the interval between service occasions becomes short, the seal should be changed.
(Xylem, n.d.)
Flow and pressure sensors can also be used on the suction and discharge lines to monitor flow and pressure in order to identify abnormal running.


[bookmark: _Toc99571517]4.2 RTF OR PPM
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.  
Planned Preventative Maintenance (PPM) and Run To Failure (RTF) maintenance strategies both have advantages and disadvantages, before adopting either strategy a number of considerations must be taken in to account.
In RTF maintenance strategies no action is taken to detect the onset of, or to prevent failure. The resulting demand for corrective work occurs with little time and no warning. What must be considered is and RTF is only considered cost effective if:
1. The consequences of item failure in terms of lost production, or of danger or damages can be regarded as negligible.
2. The consequences of item failure are serious but do not take effect for some time and it is possible to carry out the necessary repair within this period. (Kelly, 2006). 
This type of maintenance strategy can produce cost savings in relation to holding spares and consumable items and labour in terms of minimising unneeded maintenance tasks. It allows efforts to be concentrated elsewhere, perhaps on more critical machinery and reduces the need for training.
However, relying on an RTF maintenance strategy means that when an asset fails cannot be predicted, this can lead to extended downtime whilst parts and labour are sourced to execute the repair, damage to peripheral equipment as this can not be prepared or shutdown in time, increased repair and opportunity costs and the intermitant nature means effective planning of resources and staff is not possible.
As with RTF when deciding whether to implement a PPM strategy a number of considerations have to be taken in to account. With PPM maintenance is scheduled to take place regularly preventing failure before it happens, this can however be labour and material intensive and considerations have to be given as to whether the resources are available to do it. PPM should only follow a robust FMECA assessment to determine the criticality of assets and a certain amount of condition monitoring in order to.
PPM if undertaken correctly can ensure that potential failures are mitigated through maintenance before they happen and that the life span of the asset is maximised through regularly changing consumable parts such as seals and filters. PPM also allows planning to Take place in terms of labour and resource budgets as the scheduled nature means costs can be easily calculated. However, PPM also has its disadvantages; bad maintenance planning can result in over maintaining certain assets, labour costs can be high and staff need training in order to maintain the asset, a large variety of consumable parts need to be held as stock and poor planning can result in resources being allocated to one asset when they can be sued more effectively elsewhere.
[bookmark: _Toc99571518]4.3 strategy choice
Select which strategy you would adopt, providing your justifications based on operational, business and legal requirements.
The first element to consider when choosing at strategy for the two pumps is the process involved. As the process is supplying a chemical vessel involving an endothermic reaction, we must assume that the cooling water pumped plays an essential part in controlling the reaction, as to slow an endothermic reaction cooling of the surrounding area is needed. It was previously mentioned that RTF is only suitable when consequences of failure in terms of damages and danger is negligible. From the brief description it is assumed that the duty pump and stand by pump must both be available as much as possible. Failure to supply cooling water to the reaction may result in the reaction ‘running away’ which may cause explosion or fire. It is possible, dependent on the substances involved that it would be a legal requirement for a duty pump and stand by pump to be available at all times. This is why I would choose a PPM strategy as opposed to an RTF strategy. Operationally a PPM strategy should ensure that both pumps are available for the maximum amount of time and are always in good condition. From a business perspective, losses down to vessel down time due to pump outage would also be minimised.


























Appendix I Criticality Analysis Scoring
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Unplanned Corrective Maintenance (UCM)


Corrective maintenance is unplanned when a preventive maintenance schedule is in place, but a breakdown occurs between scheduled maintenance actions.


Corrective maintenance can also be unplanned when an asset shows signs of potential failure or reaches failure unexpectedly.


Planned Predicitive Maintenance (PPM)


Preventive maintenance refers to a series of actions that are performed on an asset on schedule.


Schedule may be either based on time or based upon machine runtime or the number of machine cycles


Condition Based Maintenance (CBM)


Condition-based maintenance programs can be characterized by a combination of three phases:





Diagnosis / Prognosis — isolating the cause of the problem and developing a corrective action plan based on its condition and remaining life. 


Remedy — performing corrective action


Surveillance — monitoring machinery condition to detect incipient problems 
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