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[bookmark: _Toc194881593]Introduction
Richwest Engineering Ltd is a small job shop that provides machining services to local businesses and manufacturers in the Caerphilly area (Richwest Engineering, 2017a). One of its assets is the Haas VF0 vertical machining centre, which has proven essential for producing high-volume batches and handling jobs requiring frequent tool changes. The VF0 offers significant productivity advantages compared to its manual and toolroom counterparts, thanks to its high-speed spindle and automatic tool changer (ATC). The machine, shown in Figure 1, has proven crucial to meeting deadlines and production targets.

[bookmark: _Toc194883751]Figure 1 Haas VF0 Milling Machine
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(Source: Author’s Photograph, 2025)

This report evaluates how well the company maintains the VF0 machine, which operators now manage since they stopped using outside maintenance services. They made this change in response to a series of problems with the machine, including intermittent loss of axis control, issues with the tool changer, and coolant leaking into the spindle head. Some of these problems started shortly after the planned maintenance, and others are still causing issues for the company despite attempts to fix them. These faults are becoming more frequent and interrupting the production schedule due to the downtime. These issues could worsen unless the company reevaluates and improves the current maintenance strategy. Inadequately maintained assets can cause delays, rework, increase waste, and increase the chances of serious failures (Salawu et al., 2023).


[bookmark: _Toc194881594]Equipment and Current Maintenance
[bookmark: _Toc194881595]Machine Overview
The Haas VF0 is a vertical machining centre that is important in Richwest Engineering's CNC machining operations. Unlike other machines in the company's possession, such as the Haas TM3 and various manual mills, the VF0 uses a high-speed spindle and tool carousel to hold up to twenty tools, as seen in Figure 2. These features enable the machine to handle complex and repetitive machining tasks faster, flexibly, and consistently.

[bookmark: _Toc194883752]Figure 2 Automatic Tool Changer (ATC)
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One of the VF0's advantages is its ability to change tools without the operator. This feature makes it well-suited for producing high-volume batches and jobs involving multiple operations and tool changes. As a result, it helps to reduce cycle times, minimises the chances of operator error from incorrect tool selection, and improves setup time by utilising a standardised tool carousel. The limited number of CNC machines on-site accentuates the importance of the VF0 to production. The only other operational CNC mill lacks these features and cannot handle the same workload as effectively. Consequently, any disruption to the VF0's operation will significantly affect the workshop's productivity and delivery schedule, as has been the case in the past.

[bookmark: _Toc194881596]Maintenance Approach
Currently, machine operators are responsible for all maintenance on the VF0 and other workshop machines. Their tasks include cleaning daily and weekly, topping up coolant, and checking oil levels. The VF0 operator also follows some of the guidelines from the Haas VF Series Programming and Operation Manual (Haas Automation, 2000), which includes a morning spindle warm-up, checking lube oil levels and air pressure, and occasionally greasing the spindle drawbar retention balls with red lithium complex grease. 

This process involves the operator applying grease to the pull stud of a tool holder and manually cycling the tool release button while holding the tool holder in the spindle. Doing so ensures that the internal grip system remains lubricated and functional, following instructions from the Haas website (Haas Automation, 2025a). This practice helps prevent corrosion, ensure the tool holder releases during a tool change, and minimise wear on the spindle drawbar mechanism. Operators do these tasks at their discretion, without a formal checklist or maintenance log.

Historically, Richwest Engineering Ltd relied on third-party service providers for advanced inspections and full servicing. This arrangement ended in early 2024 due to a loss of confidence in the provider. Engineers discovered significant coolant ingress into the spindle head shortly after a scheduled visit. Upon further inspection, the engineers found that coolant lines were leaking onto internal electronics, leading to the tool release button malfunctioning. The maintenance engineer should have addressed or noted this issue during their visit, as the condition suggests prolonged exposure to coolant. As a result of this incident and other unsatisfactory aspects of the service, the company decided to terminate the maintenance outsourcing and shift to exclusively using in-house operator-led routines.

The machine includes metal identification and maintenance plates to the rear, as shown in Appendix A; Figure 4 details the fluid specifications and inspection tasks. The VF Series Programming and Operation Manual (Haas Automation, 2000) also outlines maintenance tasks by interval, including lubrication, warm-up routines, and system checks. However, despite the available guidance, the company has yet to implement these recommendations in a structured manner or track their completion.

[bookmark: _Toc194881597]Equipment Issues
In recent years, the VF0 has faced several recurring issues that have affected productivity and required constant repairs. The most persistent problem has been an intermittent loss of control and downward movement of the Z-axis. The earliest recorded instance was in 2008 in a service report from the previous owner (Jones, 2008). However, it became a recurring fault from 2021 and onwards. Despite numerous repair attempts, including the replacement of servo motors, control cards, and, most recently, the Z-axis ball screw, the issue continues to occur during operation.

When this problem arises, alarms relating to the spindle drive and servo loads appear on the control panel. Over eight months, the operator recorded sixteen occurrences. Some months had no failures, while others experienced up to four. These alarms appear sporadically and result in unexpected stoppages and delays. In 2024, the issue occurred during a tool change, which bent the tool carousel. Operators had to remove the turret, realign it manually, and recalibrate the tool change height on the control. Unfortunately, this fix did not resolve the underlying issues. Now, some tool pockets drop below the tool changer height depending on the weight of the carousel, leading to damage to the tool alignment keys over time, as illustrated in Figure 3.

[bookmark: _Toc194883753]Figure 3 Damaged Alignment Key
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(Source: Author’s Photograph, 2025)

[bookmark: _Toc194881598]Strategy Evaluation
The company's maintenance strategy resembles the First-Generation approach outlined by Moubray (1997), characterised by reactive and informal practices. Maintenance tasks will only occur in response to machine failure. This approach is best suited for low-risk equipment that is easily repairable by general operators. As such, it is unsuitable for the VF0, a complex machine that plays a vital role in production. The absence of a formal system allows long-standing problems to progress until a critical failure occurs, like what happened to the tool changer previously discussed. This failure resulted in the machine being down for several days, and three employees dedicated to the repair.

However, the company's current approach does have some merit. Operators demonstrate a familiarity with the machine and continue to perform essential tasks recommended by the manufacturer without being encouraged by their employers. Requiring operators to undertake or participate in more complex maintenance repair tasks also helps build mechanical familiarity and practical knowledge. This low-cost approach requires little software, sensors, or formal training investment. It can also be faster; minor faults are immediately addressable without waiting for third-party services to arrive.

Unfortunately, this approach is not sustainable for a machine of this complexity and importance to the business. While machine performance may remain stable during operation, frequent stoppages and slow response to faults decrease productive uptime, all of which are aspects of the six equipment losses of industry (Singh, Clements and Sonwaney, 2018; Socconini, 2021). These losses negatively affect the machine availability aspect of the Overall Equipment Effectiveness (OEE). The VF0 and other CNC machines on-site would benefit from regular maintenance to remain reliable. Currently, the system puts the company at risk of unnecessary downtime and increasing repair costs. Section 3 discusses the several improvement opportunities that attempt to address these problems.


[bookmark: _Toc194881599]Improvement Opportunities
One of the most promising observations from the current strategy is that the existing employees are already undertaking manufacturing tasks despite the absence of a formal system. The Total Productive Maintenance (TPM) strategy encourages all employees to participate and promotes a hands-on approach to maintaining equipment (Augustiady and Cudney, 2023). As such, the following suggestions aim to enhance this culture by introducing a structured approach, allowing operators to take ownership of their respective machines and responsibilities.

[bookmark: _Toc194881600]Structured Maintenance Schedule
First, cleaning, checking oil levels, monitoring air pressure, and warming up the spindle could be formalised into daily, weekly, and monthly checklists using the guidance of machine manufacturer manuals. Most daily tasks, such as cleaning and visual inspections, can be accomplished in the morning while the spindle warms up, ensuring minimal disruption to operations. This transition will also help the company adopt a preventative maintenance model, aligning more with the Second-Generation maintenance strategies (Moubray, 1997).

The most straightforward way to support this improvement is to introduce laminated checklists for each machine and affix them. These checklists can also include instructions for mixing coolant, fluid requirements, and pressure readings to reduce the need for operators to recall these details while performing their tasks. Additionally, Haas Automation (2025b; 2025c) offers a valuable archive of training videos and resources for operators regarding preventive maintenance on its website.

With these resources, a series of QR codes linking these documents could be placed on the machines and relevant areas to assist in complex tasks. This approach has proven successful in similar industries (Dutta, Jasial, and Sinha, 2023). For example, Pierson Workholding (2019) uses QR codes on its equipment as training aids, helping new operators become familiar with new machines. These changes will further encourage operators to take ownership of machine care and foster interest in maintenance. In addition to improving consistency, they can assist existing staff in covering absences.

[bookmark: _Toc194881601]Fault Tracking and Operator Development
Since the VF0 currently deals with recurring issues, the company would benefit from implementing an equipment maintenance or fault log. The log would help track machine alarm codes, symptoms, and downtime caused by faults. Over time, the data might reveal patterns that point to the underlying causes of failure rather than replacing components in the hope of rectifying the problem, as seen with the Z-axis faults. It would also provide the company with valuable information to help make informed decisions regarding which failure modes to prioritise when scheduling maintenance. This approach also aligns with the Reliability-Centred Maintenance (RCM) principles, which focus on understanding the potential failures and making decisions based on their associated risks to ensure the equipment continues to operate as needed by the company (Moubray, 1997; Hupjé, 2025).

Encouraging operators to think about the causes and effects of failures using tools like Ishikawa diagrams would also help reduce costs pursuing unrelated issues. One way to support this initiative would be to offer operators the opportunity to undertake essential maintenance training. This training could be informal and delivered by senior staff or through short practical courses like those from Mills CNC (2025), which offers mechanical maintenance courses on similar machines. Such training would prepare the staff with better mechanical and diagnostic skills. Additionally, with the recommended improvements, the company can independently manage routine maintenance and reserve specialist help for complex or high-risk issues.


[bookmark: _Toc194881602]Implementation and Costs
The company must gradually implement this improvement to maximise employee involvement and ensure cost-effective changes. The process will begin with actionable changes immediately, using the VF0 as a pilot machine before extending the changes to other machines. The first step will be introducing the daily, weekly, and monthly checklists, drawing inspiration from the manufacturer's manual. These checklists can be laminated and attached to the machine enclosure immediately using materials kept in the office without additional costs to the company. QR codes linking to maintenance tutorials will be gradually integrated as operators understand and realise which ones are useful for regular maintenance tasks. This process will likely evolve through operator feedback, encouraging their active participation.

If the operators or management prefer a physical option, the equipment maintenance and fault log could be a spreadsheet or a simple notebook. The physical log is accessible without a computer, which would benefit the company as only one computer is available to the operators. Operators will be able to document alarms with minimal training, while senior staff can assist with more technical details as they arise. One operator from the milling team should take a relevant mechanical maintenance course. The program offered by Mills CNC (2025) will cost the company £700 and last two days. Additional costs for the employee's salary, travel, and accommodation must be confirmed closer to the date as they will vary. This newly trained operator will eventually help refine the new maintenance approach as it develops.

The company needs to consider the organisational impacts of these changes. Adopting Kotter's (2011) Eight-Step Model will help guide the process. First, create a sense of urgency by acknowledging the machine's history and involving the operators in the process (Appelbaum et al., 2012). Operators must understand why the changes are necessary and how they will benefit them by reducing serious maintenance issues. Clear communication will be essential to managing any resistance to the changes. Maurer (2023) identifies confusion and lack of trust as the common contributors to employee resistance. The company must manage resistance by prioritising transparent communication and involving staff in implementing decisions. The easiest way to do this is by openly discussing the plans with staff on the shop floor.


[bookmark: _Toc194881603]Conclusions and Future Recommendations
This report evaluates the maintenance strategy for the Haas VF0 at Richwest Engineering Ltd. Currently; the maintenance approach is reactive and operator-led. While this method is cost-effective and hands-on, it lacks organisation. Consequently, some recurring faults persist without proper resolution. This existing strategy resembles an outdated manufacturing model, better suited for less critical equipment that is simple to repair and more resilient than modern manufacturing machinery.

This evaluation also identified several opportunities to improve the current process. Recommendations include implementing structured checklists, introducing a maintenance log, and providing hands-on training for operators in mechanical maintenance practices. These changes will help the company's standard practices align with modern maintenance principles, including Reliability-Centred Maintenance and Total Productive Maintenance. The goal is to improve the company's preventative maintenance and diagnostic skills without significantly increasing costs or unnecessary downtime.

In the short term, the checklists and maintenance logs will establish the framework for a more structured approach and help identify failure patterns of ongoing faults. In the medium term, at least one operator should complete a short course in mechanical maintenance to strengthen the team's ability to diagnose and fix maintenance issues. In the long term, successful maintenance procedures and changes are to incorporate other machines in the workshop. By employing change management methodologies, such as Kotter's and Maurer's models, these improvements will be implemented gradually with the support and involvement of all employees.
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