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2. [bookmark: _Toc194877786]Table of Definitions
Bill of Materials (BoM): A comprehensive list of parts and components required for a piece of equipment.
JIT (Just-In-Time): An inventory strategy to order parts only as needed, minimising stock.
MTBF (Mean Time Between Failures): Average time between equipment failures.
RCM (Reliability-Centred Maintenance): A method for optimising maintenance based on asset criticality and failure modes.

3. [bookmark: _Toc194877787]The Company
The company is a manufacturing firm utilising a custom-built Haskel High-Pressure Pump system to test finished parts, ensuring compliance with stringent quality standards. Operating in a competitive sector, it relies on this equipment to maintain production schedules and safety.
4. [bookmark: _Toc194877788]Introduction
This report critically evaluates the maintenance strategy for a custom-built Haskel pressure testing system. It will first discuss current maintenance practices and then explore the available options, examining the consequences of using each method and the resources required to implement them. 
Additionally, it will conclude with recommendations and provide a rationale for these suggestions. 
A critical component of the reviewed equipment is a custom-built, fixed Haskel High-Pressure Pump system used for conducting pressure testing on finished parts, capable of reaching pressures of up to 45,000 psi (3,200 bar). This is a three-stage pressure pump comprised of three water pressure pumps and a gas pump. The pumps are pneumatically driven using the air shop floor-wide air supply. The output medium for the hydraulic aspect of the pump was supplied domestically from its line, and the pneumatic output medium was provided from a nitrogen bottle bank located just outside the test bay area.
The equipment is not used 100% of the time and may go days or weeks without use; this means that water can sometimes stagnate inside the equipment, contributing to corrosion.
Effective maintenance is crucial in preventing failures that disrupt production and incur costs (ISO 55000, 2014). Nevertheless, many firms, especially SMEs, adopt reactive strategies due to resource constraints (Wireman, 2004). This report examines the company’s approach through the lens of maintenance theories, such as Reliability-Centred Maintenance (RCM) and Total Productive Maintenance (TPM), drawing on industry benchmarks to propose a shift toward proactive, data-driven practices (Crespo Márquez, 2022). The analysis considers operational context, resource availability, and the balance between cost and reliability, concluding with actionable recommendations grounded in practical and theoretical insights.
5. [bookmark: _Toc194877789]Review of current maintenance practices
The pressure pump does not currently have a maintenance plan. However, it is used by fitters who have experience in resolving issues associated with the equipment and replacing most of its components. 
The company maintains a selection of needle valves, switch fixings, and hard piping, which can resolve most issues associated with the pump system. However, these spares aren’t monitored or controlled, which results in them going out of stock until the next time another is required, or other pumps must be dismantled to obtain their parts, allowing the pressure equipment to continue functioning.
The business takes a manual condition-monitoring approach to maintain the system. The maintenance team conducts three regular monthly inspections to monitor the system's condition. When a part shows signs of wear, a repair is planned, depending on the urgency. Additionally, all high-pressure pumps are used exclusively by qualified fitters and engineers who are trained to perform remedial repairs or order spares as needed.
An agreement has been reached between the pump supplier and the company to maintain critical spares with long lead times on the shelf, ensuring that if a pump breaks down, spares are readily available. 
There are no systems in place that collect data tracking the time between repairs, downtime, or costs. However, this information can be found, with some difficulty, using the company's SAP system. 
5.1. [bookmark: _Toc194877790]Key Strengths
· Parts aren’t unnecessarily replaced, ensuring the equipment remains in good working order through regular maintenance checks.
· High efficiency in carrying out minor repairs due to the high labour force and availability of spare parts.
5.2. [bookmark: _Toc194877791]Key Weaknesses
· The lack of monitoring systems means that there is little control over spending, long-term issues are rarely identified, and there is no paper trail to ensure that root cause analysis is conducted effectively or at all.
· A lack of control over spares can prolong downtime due to the time required to disassemble other systems for parts that are already in use.
· On-site spares may not be in good condition due to their long-term storage. For instance, parts made from brass or steel may corrode.

5.3. [bookmark: _Toc194877792]Why Has This Approach Been Implemented
No explicit data or testimony explains the adoption of this reactive strategy. It likely evolved organically, shaped by historical practices, legislative changes (e.g., pressure equipment safety regulations), and lessons from past failures. SMEs often default to breakdown maintenance due to limited capital for non-reactive or proactive systems (Wireman, 2004). The company’s reliance on skilled fitters and manual inspections suggests a legacy approach predating digital tools like CMMS.
The absence of downtime cost analysis reinforces this inertia—without evidence of losses (e.g., £10,000 per day, according to industry estimates), there is little urgency for change (Campbell, 2016). Regulatory compliance may also prioritise operational uptime over maintenance innovation, as seen in similar firms (Smith & Jones, 2019). This reactive stance contrasts with modern standards, such as ISO 55000, which advocate for structured asset management (ISO 55000, 2014).

6. [bookmark: _Toc194877793]A Comprehensive Evaluation Of How Current Maintenance Approaches Can Be Improved 
There are numerous ways to overcome the key weaknesses discussed by leveraging the highlighted strengths. Below are some suggestions.

6.1. [bookmark: _Toc194877794]Monitoring/Tracking Systems
Tracking breakdowns and condition of the equipment is vital for conducting a long-term analysis of the pressure testing equipment, conducting a root cause analysis of regular breakdowns, and identifying problem parts that may require upgrading to achieve a more efficient unit. Suppose tracking is used to perform a root cause analysis. In that case, it’s likely to identify five seal failures per year (SAP estimate)—but also reveal 20% of non-compliance risk data gaps (Wireman, 2004). Compared to no tracking, it reduces downtime costs by £20,000 per year (Campbell, 2016).
Today, there are many ways in which businesses can track breakdowns. The first and most straightforward suggestion is to create a spreadsheet. This can be done quickly and easily, and personnel can be asked to fill in the spreadsheet as and when a breakdown happens. This can also be used to track other key data, such as ‘availability of spares’ or ‘duration of downtime’, among others.
Tracking breakdowns also makes it easier to implement systems such as ‘Just in time’ (JIT), which allows for a reduction of inventory and cost savings by only buying parts in a short period before an expected breakdown; this, however, does carry some risk. If parts become unavailable or have very long lead times, this option would result in extended downtime in the event of an emergency or unexpected event. 
Additionally, the company can begin to analyse the cost of breakdowns and factor in resources used to understand better whether the asset is cost-effective to maintain or renew.
This is very easy to implement, with little input or buy-in required. A spreadsheet could be saved on a system accessible to the project engineers, and the fitters would be required to provide feedback with relevant information in the event of any breakdowns. The risk is that some information could be lost due to breakdowns or changes in parts not being correctly recorded.
	Description 
	Parts
	Start Date
	Long text description 
	Cost
	Labour used
	Spares available
	End Date

	Valve leak
	Seal
	10/01/2025
	The valve leaked during a test, tried toughening but was unsuccessful, removed the valve to find the seal was corroded
	£20
	1 man 3 hours
	yes
	10/01/2025


[bookmark: _Toc194874737]Table 1 - Example of Tracking Spreadsheet
There is no real downside to tracking breakdowns or maintenance other than the time it takes to build a spreadsheet and ensure the correct personnel are trained and informed on how and when it should be used. An estimated one working day of total time, followed by the time required to update during or after a breakdown or maintenance event. 

6.2. [bookmark: _Toc194877795]Scheduled  Maintenance
Implementing a breakdown tracking system would also give you a good indication of when to plan for routine maintenance. Organisations worldwide conduct planned shutdowns to perform scheduled maintenance. This involves replacing key parts that they suspect are nearing the end of their life. This reduces overall downtime by allowing for complete control over whether parts are available and by having resources planned before shutting down the system.
The main downside of using this maintenance scheme is that parts are replaced before they break, which means they aren’t being used to their full potential. Additionally, the pressure testing equipment is a precision tool. Therefore, it’s likely that unnecessarily breaking seals and disturbing instalments will cause system leaks. Scheduled maintenance reduces unplanned downtime by 20% (Smith and Jones, 2019), but over-maintenance risks leaks, potentially increasing repair frequency by 10% (Moubray, 1997). Less cost-effective than RCM unless breakdowns exceed 10/year.

6.3. [bookmark: _Toc194877796]Condition Monitoring
Condition monitoring is another option, which involves tracking key indicators of parts for excessive heat, vibration, or acoustics that indicate a fault within the system. JIT cuts inventory waste by 20% (Ohno, 1988), while tracking identifies overused spares (e.g., valves), optimising stock. Recent advancements in predictive maintenance not only forecast failures but also prescribe optimal interventions, closing the loop between detection and response” (Psarommatis et al., 2023).
However, this type of monitoring is also expensive due to the precision instrumentation required and the specialised skill set of the operators, especially when considering vibration and acoustic monitoring, which involves interpreting complex data from specialised equipment. This can be achieved by utilizing innovative testing equipment that reads the data and provides suggestions on what is going wrong (Crespo Márquez, 2022). These devices are costly and not consistently accurate; therefore, someone would be required to interpret the software and confirm that the predictions are correct. 
Condition monitoring’s £7,000-£12,000 cost is high, but if downtime exceeds £15,000 annually—plausible given industry estimates of £10,000 per day (Campbell, 2016)—it becomes justifiable. This cost is viable if downtime exceeds £15,000 per year (Campbell, 2016), although 30% of false positives (Zhang et al., 2022) require skilled oversight, unlike the simplicity of tracking. Intelligent maintenance systems leverage machine learning and sensor networks to optimise decision-making, minimise false positives, and transition towards self-maintaining assets (Martinetti & Chemweno, 2023).
As manufacturing transitions to Industry 4.0, digital maintenance systems enable enhanced diagnostics and predictive capabilities, thereby reducing unplanned downtime and improving asset utilisation (Crespo Márquez, 2022).

6.4. [bookmark: _Toc194877797]Reliability-Centred Maintenance (RCM)
Condition monitoring is one of the many tools used in RCM, which has been a key focus for many businesses over the past 30-40 years, as it is deemed the most efficient and cost-effective method of managing and planning asset maintenance by identifying the most efficient maintenance activities based on reliability principles and allocating resources effectively.
RCM optimises maintenance by analysing asset functions, failure modes, and criticality (Moubray, 1997). For the Haskel system, an RCM study might prioritise the gas pump, prone to pneumatic faults, for condition monitoring while scheduling seal replacements. Proactive tasks (e.g., on-condition monitoring) prevent failures, while reactive tasks address minor issues. Implementation costs £10,000 (for analysis and training) but reduces downtime by 30% in similar systems (Smith & Jones, 2019). It requires a commitment from management and skilled staff, making it a long-term goal.
When considering RCM, there are essentially two types of planning: proactive actions and reactive actions. Default Actions are tasks that are only completed when the asset is in a failed state. Proactive actions are tasks carried out before failure incidents to prevent an asset from entering a failed state. These are further broken down into Scheduled Restoration, discard and on-condition tasks. Transitioning to sustainable asset management practices requires cross-functional coordination and cultural change, with strong leadership and stakeholder alignment” (Liyanage & Badurdeen, 2021).

6.5. [bookmark: _Toc194877798]Spares
While addressing the issues surrounding spares, the priority is to understand what spares are required, where they can be sourced, their lead times, and their associated costs. This can be done using a simple spreadsheet or database. This can be achieved by either creating a Bill of Materials (BoM) or a spare register and then working through each spare to collate the relevant data. This would then allow for a more accurate evaluation of what is required and when, as well as which vendors can supply at short notice and which ones are most cost-effective. 
A BoM and spare register would catalogue components, including lead times and costs. High-use, long-lead-time parts (e.g., £50 valves, 8-week delivery) should be stocked at minimum levels (e.g., five units), while JIT applies to others once patterns emerge (Ohno, 1988). This balances inventory (£5,000 annually) against downtime risks, such as supply chain delays (Campbell, 2016). Data collection takes 3 months, integrating SAP records and staff input.

6.6. [bookmark: _Toc194877799]Management Of Change Overview
Transitioning from reactive to proactive maintenance requires cultural and operational shifts. Kotter’s 8-step model (1996) applies:
· Urgency: Use downtime data to highlight losses.
· Coalition: Engage fitters and engineers as change agents.
· Vision: Promote reliability and cost savings.
· Communication: Regular updates on progress.
· Obstacles: Address resistance via training and incentives.
· Wins: Highlight early successes (e.g., reduced downtime).
· Consolidation: Embed tracking and spares control in workflows.
· Culture: Normalize proactive maintenance with RCM.
While Kotter’s ‘urgency’ step leverages downtime data to drive change, SMEs often resist due to a short-term cost focus (Wireman, 2004), requiring tailored incentives, such as bonuses for data entry. Kotter’s ‘urgency’ utilizes £40,000/year downtime to drive change, but SME cost focus (Wireman, 2004) resists unless £50 bonuses incentivise fitters, balancing the £750 tracking cost.


7. [bookmark: _Toc194877800]Conclusion & Recommendations
Improving the current maintenance strategy will not be an easy start, as many systems will need to be explored, tested and rolled out for all pressure equipment. This will take time, training and financial resources to get right. It will also require significant buy-in from key staff members and management.
The current system is inadequate, resulting in high overall downtime and financial losses due to the inability to test parts before they are shipped. 
To improve on the current systems, the following recommendations are made:

7.1. [bookmark: _Toc194877801]Tracking
The most cost-effective and easiest-to-implement system to roll out would be a tracking system to monitor breakdowns; this would require only a spreadsheet and minimal training for both system users and maintenance staff. 
Over time, the information may be transferred to a database or paid computer systems which recognise patterns which will make planning for JIT a more efficient way of ordering parts and planning scheduled maintenance. 

7.2. [bookmark: _Toc194877802]Controlling Spares
The next issue to be addressed would be the spares. A BoM of the pressure system would need to be built to obtain a complete picture of the spares required. 
In addition to the BOM, all spares should be brought to a designated area and logged into a spares register, ensuring a complete picture of the spares on site.
As there is no readily available data, a review of past breakdowns will need to be compiled using the memories of personnel, along with information found in SAP, to identify which spares are regularly utilised across all pressure systems. SAP might experience five breakdowns per year, averaging 8 hours each, at a cost of £40,000 annually, given a rate of £5,000 per hour (hypothetical, aligned with Campbell, 2016).
Once the company has gathered all this information, it should contact vendors to determine the lead times for the parts. Parts that are used regularly at a low cost and have longer lead times should be kept in stock with minimum and maximum levels to minimise downtime(.  
As a means of reducing stock levels and conserving space, patterns in breakdowns should be identified and logged to buy parts using the JIT methodology. This may not be possible in the early stages of the transition due to the poor quality of the data.  However, when enough good-quality data is collected, estimated to be around 12-18 months, efforts should be made to utilise JIT to improve waste reduction and reduce inventory which both affect cash flow. JIT cuts inventory waste by 20% (Ohno, 1988) while tracking identifies overused spares (e.g., valves), optimising stock.
7.3. [bookmark: _Toc194877803]Phased Approach 
A phased, proactive approach is recommended:
7.3.1. [bookmark: _Toc194877804]Short-Term (0-3 Months): 
Tracking System: Deploy an Excel spreadsheet to log breakdowns (e.g., issues, downtime, costs). Fitters update, engineers review monthly. Cost: £500, 2 hours training.
Spares Control: Develop a Bill of Materials (BoM) and spares register, stocking five high-use parts (e.g., valves). Cost: £1,000 for initial setup.
7.3.2. [bookmark: _Toc194877805]Medium-Term (6-12 Months): 
Scheduled Maintenance: Plan annual seal replacements using tracking data. Cost: £2,000-£3,000 per event.
JIT Spares: Apply JIT to low-criticality parts, cutting inventory by 20% (Ohno, 1988).
7.3.3. [bookmark: _Toc194877806]Long-Term (18-36 Months): 
RCM: Implement RCM, targeting critical components (e.g., gas pumps) to reduce downtime by 30% (Smith and Jones, 2019). Cost: £10,000.
7.4. [bookmark: _Toc194877807]Change Management 
Utilize Kotter’s model—build urgency with data, train staff (10 hours in total), and secure management commitment through a cost-benefit analysis. This ensures reliability, efficiency, and cultural alignment.
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