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[bookmark: _Toc194933389]Introduction
This report evaluates the maintenance strategies for the MiniSAP (Mini Stylus Automation Project) used in Renishaw's Stylus assembly process (see Figure 1). It includes a background of the equipment, a critical review of current maintenance practices, and potential improvements. Additionally, the analysis covers the associated costs and resources. The aim is to provide recommendations for enhancing the maintenance strategy to ensure the optimal performance and reliability of the MiniSAP machines.
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[bookmark: _Ref194483975][bookmark: _Toc194933380]Figure 1 - MiniSAP Machine
The MiniSAP machines, developed by Renishaw in 2013, are designed to assemble ball stems for stylus assemblies, as shown in Figure 2. These machines can assemble 14 different varieties of ball stem without requiring full-time operators. Annually, they process over 70,000 parts valued at over £270k. These ball stems are essential for ensuring accurate measurements in various industrial applications. Located at the Miskin plant, the three MiniSAP machines perform critical assembly tasks such as ball orientation, adhesive dispensing, and vacuum pick-up, which are vital for maintaining the precision and efficiency of the assembly process.
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[bookmark: _Ref194491684][bookmark: _Toc194933381]Figure 2 - Renishaw straight stem stylus (Renishaw plc, 2025b)
Styli are critical components of Coordinate Measurement Machines (CMM), which are used to measure the physical geometrical characteristics of objects. Renishaw sells these styli to customers and also uses them in-house to check the quality of parts, including other styli, as shown in Figure 3. The accuracy of these measurements is paramount in industries such as aerospace, automotive, and manufacturing, where precision is crucial. The MiniSAP machines ensure that the styli are assembled with high accuracy and repeatability, contributing to the overall reliability of the CMM probes.
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[bookmark: _Ref194494164][bookmark: _Toc194933382]Figure 3 - Renishaw probe checking quality of Styli (Renishaw plc, 2025a)
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[bookmark: _Toc194933391]What MiniSAP does and how it works?
The Renishaw MiniSAP is composed of an IAI robot arm, vacuum pick-up, adhesive dispenser valve, pneumatic jaws, and a camera with assembly software and light curtains, as shown in Figure 4. The MiniSAP machines automate several key processes in the assembly of styli. Ball orientation ensures that the styli are correctly aligned, adhesive dispensing secures the components together, and vacuum pick-up handles delicate parts without causing damage. Additionally, camera systems determine the quality of the adhesive fillet. These automated processes enhance the efficiency and precision of the assembly line, reducing the likelihood of errors and increasing production speed.
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[bookmark: _Ref194494195][bookmark: _Toc194933383]Figure 4 - MiniSAP overview

[bookmark: _Toc194933392]Strengths of current maintenance practices
The maintenance procedure outlined in the document "PMI 00262-03" possesses several commendable features. Primarily, this preventative maintenance approach provides detailed step-by-step guidelines and clear diagrams. The procedure is carried out quarterly by the department’s technicians rather than the plant maintenance team. This decentralised approach allows a smaller team to specialise in the equipment, enhancing their expertise. Furthermore, the document lists the equipment required for maintenance (see Figure 5). A study by Bokrantz, Skoogh, and Ylipää (2016) discusses how specifying the tools and equipment needed for each task aids in preparation and reduces downtime.
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[bookmark: _Ref194764676][bookmark: _Toc194933384]Figure 5 – PMI-00262-03 List of required equipment
Additionally, the procedure specifies that only trained personnel can perform the maintenance, ensuring that tasks are carried out by competent individuals, thus enhancing the quality of maintenance and reducing the likelihood of errors

[bookmark: _Toc194933393]Weaknesses of current maintenance practices 
Despite its advantages, the maintenance procedure also presents some challenges. A study on maintenance strategy and acceptable standards discusses the complexity and thoroughness of maintenance tasks, which can be overwhelming for new technicians and time-consuming, impacting productivity (Lee & Scott, 2009). The complexity of the procedure, with its detailed instructions, may be overwhelming for new technicians or those unfamiliar with the equipment, requiring a high level of understanding and precision. This suggests that centralised maintenance is likely an unsuitable approach. However, one aspect of centralised maintenance that would benefit this procedure is the storage of spare parts. The document mentions swapping parts but does not provide a location for these parts.
The reliance on specific tools and equipment, such as override keys for light curtains, means that if any of these are unavailable, the maintenance cannot be performed as outlined, leading to delays or incomplete maintenance. Whilst the document states that PPE should be used where appropriate, it does not provide detailed information on what specific PPE may be required for each task (see Figure 6). Without such detailed instructions, technicians may inadvertently expose themselves to hazards, leading to potential injuries or health issues. Therefore, it is essential that the maintenance procedure document be updated to include specific PPE requirements for each task, along with clear instructions and training to ensure the safety of all personnel involved.
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[bookmark: _Ref194764353][bookmark: _Toc194933385]Figure 6 – PMI-00262-03 PPE requirements
Additionally, there is always a risk of human error, especially in tasks requiring precise measurements and adjustments, which could result in equipment malfunction or damage. Many of the tasks require visual inspection of wear for components such as the vacuum nozzle (see Figure 7). This means that the quality of the maintenance will vary between technicians, and for a relatively low-cost part like this nozzle, replacing it with a new nozzle may be more cost-effective and provide better quality results. Finally, the document needs to be regularly reviewed and updated to reflect current PMI requirements, necessitating ongoing attention and resources to ensure the procedure remains relevant and effective.
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[bookmark: _Ref194760382][bookmark: _Toc194933386]Figure 7 – PMI-00262-03 Vacuum nozzle inspection
[bookmark: _Toc194933394]Why has this approach been chosen?
The PMI schedule, a preventative maintenance approach, is designed to balance thorough maintenance with operational efficiency. A literature review on Total Productive Maintenance (TPM) highlights the importance of regular maintenance schedules in improving operational efficiency and minimising unexpected downtime (Smith, 2023). Preventative maintenance allows for detailed inspections and component replacements without excessively disrupting production. This frequency ensures that the equipment remains in optimal condition, minimising unexpected downtime and reducing repair costs. Regular maintenance is crucial for maintaining high precision and reliability in the assembly process, which is essential given the critical role of styli in CMM probes and the stringent standards required in precision measurement. Additionally, performing maintenance in-house enables Renishaw to work around production needs and keep costs low, further enhancing operational efficiency.
[bookmark: _Toc194933395]A Full Evaluation of How the Current Approaches to Maintenance Could Be Improved
[bookmark: _Toc194933396]How Can the Current Maintenance Strategy Be Improved?
While the current maintenance approach is comprehensive, there are several opportunities for improvement to enhance efficiency and effectiveness. Implementing regular and comprehensive training programmes for technicians can ensure they are well-versed in maintenance procedures, reducing human error and improving the overall quality of maintenance tasks (Mobley, 2014). Training programmes should cover all aspects of the PMI schedule, including general cleaning, component-specific maintenance, and preventative measures. Technicians should be trained on the use of cleaning materials, inspection techniques, and the identification of wear and tear. Additionally, training should include troubleshooting common issues and performing minor repairs. Training can be delivered through a combination of classroom sessions, hands-on workshops, and online modules. Regular refresher courses should be provided to ensure technicians stay up to date with the latest maintenance practices and technologies (Borris, 2006).
Developing more detailed and standardised maintenance procedures can reduce variability in maintenance quality. Clear guidelines and checklists can ensure that all technicians follow the same high standards, leading to more consistent results (Hughes, 2013). Standardised procedures should be developed in collaboration with experienced technicians and equipment manufacturers, covering all aspects of maintenance from general cleaning to component-specific tasks and preventative measures. These procedures should be implemented through training programmes and regular audits, with technicians provided with detailed checklists and guidelines to ensure they follow the correct steps during maintenance tasks. Regular audits can identify areas for improvement and ensure compliance with the procedures.
Establishing a system for technicians to report issues and suggest improvements can foster a culture of continuous improvement. Regular feedback can help identify recurring problems and areas for enhancement, leading to more effective maintenance strategies (Moubray, 1991). Feedback can be collected through regular meetings, surveys, and suggestion boxes, with technicians encouraged to share their experiences and ideas for improving maintenance practices. Feedback should be analysed to identify common issues and trends, informing the development of new procedures and training programmes to ensure continuous improvement in maintenance practices.
[bookmark: _Toc194933397]What Alternative Approaches Could Be Adopted?
[bookmark: _Toc194933398]Condition based maintenance (CBM)
According to Automated Manufacturing Solutions (2024), Ford Motor Company has implemented Condition-Based Monitoring (CBM) in their assembly lines by installing IoT sensors on robot arms and conveyor systems, which has reduced unexpected failures by 25%. By implementing CBM, Renishaw could analyse sensor data on the MiniSAP machine, identify patterns and trends, and predict maintenance needs based on historical data. Alerts could be set up to notify technicians of potential issues, allowing for timely interventions.
Introducing a condition-based monitoring approach, such as automated monitoring systems, can provide real-time data on the condition of the equipment. Sensors and software can predict maintenance needs, allowing for proactive interventions before issues arise, significantly reducing downtime and preventing unexpected failures (Campbell, 2013). Various types of sensors can be used to monitor the MiniSAP equipment, including temperature sensors, vibration sensors, and pressure sensors. These sensors can detect anomalies in the equipment's operation, signalling the need for maintenance before a failure occurs.

[bookmark: _Toc194933399]Reliability centred maintenance (RCM)
RCM is a systematic approach that focuses on maintaining the functions and addressing the failure modes of equipment. It involves identifying the operating context, conducting a Failure Mode Effects and Criticality Analysis, and determining appropriate maintenance tasks. RCM enhances cost-effectiveness, reliability, and machine uptime by preventing failures and reducing unplanned maintenance costs. According to Velosi (2025), a global company specialising in asset management, RCM can reduce maintenance expenses by 20-30%. It also improves safety by addressing risks proactively and monitoring key performance indicators to detect emerging trends early. Implementing RCM requires significant investment in time and resources but offers substantial long-term benefits.
For the MiniSAP machine, RCM is particularly relevant. By focusing on the specific functions and failure modes of the MiniSAP's components, such as the robot head, rotator jaws, and adhesive dispense tips, RCM can help develop a targeted maintenance plan that ensures optimal performance and reliability. This approach would allow for more accurate budgeting for scheduled maintenance, inspections, and testing, ultimately reducing downtime and improving productivity. Despite the initial investment, RCM's structured framework can lead to significant improvements in the MiniSAP's maintenance strategy, aligning with the goal of maintaining high equipment performance and reliability.

[bookmark: _Toc194933400]Total productive maintenance (TPM)
Implementing TPM could help the MiniSAP machine by involving operators in routine maintenance tasks, ensuring that components such as the robot head, rotator jaws, and adhesive dispense tips are consistently maintained in optimal condition. The TPM concept was first introduced by the Japanese company Nippon Denso, a supplier to Toyota Motor Company, in 1971.
TPM focuses on improving equipment effectiveness through proactive and preventive maintenance, reducing downtime and enhancing reliability. By empowering operators to take responsibility for maintenance, TPM fosters a culture of continuous improvement, where employees are encouraged to identify and address potential issues before they lead to equipment failures. This approach aligns with the goal of maintaining high equipment performance and reliability, ultimately enhancing productivity and reducing maintenance costs. Despite the initial investment in training and cultural change, TPM's structured framework can lead to significant long-term benefits for the MiniSAP's maintenance strategy.

[bookmark: _Toc194933401]A Consideration of Costs and Resources Required to Implement Proposed Changes
Implementing a condition-based maintenance (CBM) approach involves significant cost considerations and resource requirements. The initial set-up costs include system development, engineering costs, risk assessment, development of safe working procedures, installation modifications, and initial staff training. Capital costs for equipment such as computers, sensors, cabling, signal conditioning, data collectors, and analysis tools are also substantial. Additionally, the installation and commissioning of CBM equipment contribute to the set-up expenses. Running costs encompass ongoing data collection and analysis, continuous operation, training, support, management costs, and maintenance of both the CBM equipment and safety requirements. The cost-benefit analysis of CBM should account for direct maintenance cost savings from reduced planned and unplanned maintenance activities and indirect savings from minimised business interruptions.

Effective CBM implementation requires skilled tradesmen for data collection and analysis to ensure accurate diagnosis and cost-effective maintenance actions. Management support, staff involvement, and the selection of appropriate condition monitoring techniques are crucial for the success of a CBM regime. According to Quatrini et al. (2020) and Shin and Jun (2015), despite the high initial investment, the long-term benefits of increased plant availability, earlier fault detection, and maintenance completed online can justify the costs, leading to overall cost savings and improved reliability.
Implementing a reliability-centred maintenance (RCM) approach also involves substantial cost considerations and resource requirements. The initial costs include conducting a comprehensive review of the maintenance requirements of each asset in its operating context, which necessitates detailed analysis and data collection. This process involves identifying functions, functional failures, failure modes, and failure effects, which require significant time and expertise. Additionally, the implementation of RCM demands investment in training staff to understand and apply RCM principles effectively. The capital costs for necessary tools and software to support RCM activities, such as failure mode and effects analysis (FMEA) and condition monitoring equipment, are also considerable. Running costs include ongoing data collection, analysis, and the continuous updating of maintenance plans based on the latest information.
Management support and involvement are crucial to ensure the successful adoption of RCM, as it requires a shift in organisational culture towards proactive maintenance and continuous improvement. According to Smith (2000), although the high initial investment, the long-term benefits of RCM, such as improved reliability, reduced downtime, and enhanced safety, can justify the costs, leading to overall cost savings and increased operational efficiency.
Implementing a total productive maintenance (TPM) approach involves significant cost considerations and resource requirements. The initial costs include conducting an awareness study, pilot programmes, and plant clear-and-clean exercises, which necessitate detailed planning and coordination (Ahuja and Khamba, 2008). Additionally, the implementation of TPM demands investment in training staff to understand and apply TPM principles effectively. Capital costs for necessary tools and equipment to support TPM activities, such as condition monitoring devices and maintenance software, are also considerable (Wolska et al., 2023). Running costs include ongoing data collection, analysis, continuous operation, training, support, and management costs.
The involvement of all employees, from operators to managers, is crucial to ensure the successful adoption of TPM, as it requires a shift in organisational culture towards proactive maintenance and continuous improvement. Similarly to CBM and RCM, despite the high initial investment, the long-term benefits of TPM, such as improved equipment effectiveness, reduced downtime, and enhanced productivity, can also justify the costs, leading to overall cost savings and increased operational efficiency.

[bookmark: _Toc194933402]Change Management Implications
Implementing the proposed improvements will require careful change management to ensure a smooth transition and minimise disruption. Effective communication is crucial to inform all stakeholders about the changes, the reasons behind them, and the expected benefits. This can help gain their support and reduce resistance. Training and support should be provided to help staff adapt to new procedures and technologies. This includes not only technical training but also guidance on integrating new practices into their daily routines. Additionally, it is important to monitor the implementation process and gather feedback to identify any issues early on and make necessary adjustments. Change management strategies should also include recognising and rewarding staff who contribute positively to the transition, thereby encouraging a culture of continuous improvement.
[bookmark: _Toc194933403]Conclusions/Recommendations
In conclusion, the evaluation of the maintenance strategies for the MiniSAP machines has highlighted several key areas for improvement to enhance their performance and reliability.
Short-term recommendations include implementing regular and comprehensive training programmes for technicians to reduce human error and improve maintenance quality. Developing detailed and standardised maintenance procedures can ensure consistency, while establishing a system for technicians to report issues can foster continuous improvement.
Medium-term recommendations involve introducing condition-based maintenance (CBM) through automated monitoring systems that provide real-time data, reducing downtime and preventing unexpected failures. Adopting reliability-centred maintenance (RCM) can help develop targeted maintenance plans, ensuring optimal performance and reliability of the MiniSAP's components, and improving productivity.
Long-term recommendations focus on implementing total productive maintenance (TPM) to involve operators in routine maintenance tasks, fostering a culture of continuous improvement. This approach ensures components are consistently maintained, enhancing productivity and reducing maintenance costs.
By adopting these recommendations, Renishaw can enhance the maintenance strategy for the MiniSAP machines, ensuring optimal performance and reliability, leading to cost savings, increased operational efficiency, and improved equipment effectiveness.
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EQUIPMENT REQUIRED:

Kerry Ultrasonic Bath, IPA (P90239), Lint-free buds (P91019), Lint-Free Cloth (P90192), Mole Grips, Heat Gun, Pointed Bud (K10104),
Syringe
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1 Health & Safety

Read full procedure before commencing work

Ensure all tools and consumables are present/available

Observe COSHH

Use PPE where appropriate

Disconnect all air & power prior to any disassembly of jigs

If required, MiniSAP can be placed into non-safe mode to allow you to gain closer inspection of the parts on the machine, using the key. When

in safe mode, it is advised not to run any programs.
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4.1 Vacuum Nozzle

* To check the condition of the vacuum pick up nozzle, remove it from the fixture by sliding it off (Fig 7a). If the nozzle is excessively worn or
damaged, then it will need replacing. Examine the nozzle, if the tip appears concentric and isnt excessively worn (Figs 7b & 7c), then it won't

need replacing. If this is the case, give the nozzle a light clean with IPA and a Lint-Free Bud.
M Fig 7c

Fig 7a Fig 7b
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