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1. [bookmark: _Toc226355928]Introduction
Renishaw plc is a global engineering company specialising in precision measurement and manufacturing technologies (Renishaw plc, 2020). This assignment is based at the Miskin site in South Wales, where high-precision components are manufactured and inspected to strict quality standards.
Within the Quality Department, Coordinate Measuring Machine (CMM) is used to support production and engineering activities. Their primary function is to measure GD&T features, ensuring dimensional accuracy and compliance with geometric tolerances (Kruth & Vanherck, 2000).
The Zenith CMM is critical in maintaining product quality and measurement consistency. Due to the high level of precision required, even small deviations can result in measurement errors, non-conformance, and production delays.
To maintain accuracy and reliability, structured maintenance strategies must be implemented. Effective maintenance strategies are essential in high-precision systems to ensure consistent performance and reduce the risk of failure (Mobley, 2002). This assignment report will focus on and analyse the current schedule assigned to the Zenith CMM within an assembly environment. 
To maintain performance, the following maintenance strategies are implemented:
· Annual calibration 
· Monthly preventative maintenance 
· Quarterly Machine Checking Gauge (MCG) verification 
This report evaluates the effectiveness of this strategy and explores alternative approaches to improve reliability and cost efficiency.


[bookmark: _Toc226355929]2. Current maintenance
[bookmark: _Toc226355930]2.1. annual calibration
The Zeiss CMM undergoes full calibration every 12 months by a trained internal engineer to ensure measurement accuracy.
The calibration includes both verification and maintenance, such as:
· Verification of volumetric accuracy
· Inspection of Encoder Scales and Readheads for wear or damage
· Testing of motors and guideways
· Calibration of probing performance using calibrated artefacts
· Verification of environmental conditions (e.g. temperature stability)

Calibration is carried out in accordance with ISO 10360, specifically Parts 2 and 5, which define the acceptance and reverification tests for CMMs. ISO 10360-2 verifies the length measurement accuracy of the machine across its working volume, ensuring that dimensional measurements are within acceptable tolerance limits (Hexagon Metrology, 2010; British Standards Institution, 2009).
Volumetric length measurement verification setup using a step gauge and reference sphere, as illustrated in Figure 1. 
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[bookmark: _Toc226355962]Figure 1 - -  CMM verification methods for volumetric length error (E) and probing error (P) (Hexagon Metrology, 2010)




According to ISO 10360-5 (Figure 2), the verification of the probing system is performed using a calibrated reference sphere. A minimum of 25 measurement points must be taken across the surface of the sphere to ensure adequate spatial distribution. These measurements evaluate probing form error, repeatability, and deviation, ensuring performance is assessed in multiple directions (Hexagon Metrology, 2010; British Standards Institution, 2020).
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[bookmark: _Toc226355963]Figure 2 -  Volumetric length measurement verification setup using a step gauge and reference sphere, demonstrating ISO 10360-2 and ISO 10360-5 verification methods. (British Standards Institution, 2009; British Standards Institution, 2020)
[bookmark: _Toc226355931]2.1.1.  Justification
Annual calibration ensures compliance with ISO standards and provides a high level of confidence in measurement accuracy. However, limiting calibration to a 12-month interval introduces a risk of undetected performance drift. Given the high precision requirements of the CMM, minor deviations may develop over time and remain uncorrected between calibrations, potentially affecting measurement reliability (NASA, 2008).
This approach is likely selected due to the cost and downtime associated with full calibration, making it a practical balance between accuracy and operational efficiency. It therefore reflects a time-based maintenance strategy (Mobley, 2002).

[bookmark: _Toc226355932]2.2. Monthly preventative maintenance.
Monthly preventative maintenance is carried out by Quality representatives who have received internal training from CMM engineers. This ensures that routine maintenance activities can be performed effectively within the Quality Department without the need for specialist intervention.
This maintenance includes:
· Ensuring stylus probes are in good condition 
· Visual inspection
· Cleaning the CMM using appropriate materials to remove dust, debris, and contaminants 
Cleaning is critical to prevent debris build-up on components such as the probe tip, guideways, and air bearings, which can affect movement and measurement accuracy. (Kinnell and Habeb, 2013).
The probe is a key component, directly collecting measurement data. Wear, damage, or misalignment can reduce accuracy, repeatability, and reliability, making regular inspection essential for consistent performance (Butler, 1991).

[bookmark: _Toc226355933]2.2.1. Justification
Monthly preventative maintenance is effective in maintaining cleanliness and preventing basic faults, such as contamination or probe damage. It is also cost-effective, as it can be carried out by trained personnel with minimal disruption (Mobley,2022).
However, this approach is primarily based on visual inspection and does not provide quantitative data on machine performance. As a result, gradual accuracy drift or underlying issues may not be detected (Jardine, Lin and Banjevic, 2006). 

[bookmark: _Toc226355934]2.3. MCG Verification
The Machine Checking Gauge (MCG) process introduces elements of condition-based monitoring by assessing machine performance at regular intervals, supporting the identification of trends over time (Jardine, Lin and Banjevic, 2006).
This address the limitation of annual calibration by enabling earlier detection of performance drift, improving confidence in measurement accuracy (Renishaw plc, 2026). Data can be exported to Microsoft Excel for analysis of geometrical errors and archived to monitor long-term CMM performance (RenishawPLC, 2021). 
MCG verification is conducted quarterly by internally trained Quality personnel using Renishaw UCC Assist software in accordance with CP1161 (Roberts, I/RenishawPLC, 2016), evaluating the volumetric performance of the CMM through a defined routine.


[bookmark: _Toc226355935]2.3.1. Justification
MCG verification is an effective condition monitoring tool between annual calibrations. It provides a rapid assessment of machine performance with minimal downtime, making it suitable for regular use in a production environment (Jardine, Lin and Banjevic, 2006). In addition, MCG data can be extracted and analysed to identify geometric errors, with results archived over time to monitor changes in machine performance (Renishaw PLC, 2021). This enables trend analysis and supports early detection of performance drift, further enhancing confidence in measurement accuracy.

3. [bookmark: _Toc226355936]Evaluation and Improvement of Maintenance Strategy
The current CMM maintenance strategy is effective in maintaining machine performance and supporting production requirements within the Quality Department. However, as a primarily time-based approach, there are limitations in detecting performance drift and fully utilising machine data.
This section evaluates the current strategy and identifies opportunities for improvement through more condition-based approaches.

[bookmark: _Toc226355937]3.1 Evaluation of Current Maintenance Strategy
The current maintenance strategy provides a structured approach to maintaining performance but is primarily time-based rather than condition-driven.
Annual calibration ensures compliance with ISO 10360 and provides formal verification of measurement accuracy (ISO,2009; ISO,2010). but may allow performance drift between intervals. Monthly preventative maintenance is effective for cleanliness and basic fault prevention but is largely qualitative and does not detect gradual degradation.(Pereira and Hocken, 2012).
Monthly preventative maintenance is carried out by trained Quality personnel and is effective in maintaining cleanliness and preventing basic faults, such as contamination or probe damage (Butler, 1991; Mobley,2022). However, this approach is largely qualitative and relies on visual inspection, meaning it does not provide measurable data on machine performance and has limited capability in detecting gradual degradation (Jardine, Lin and Banjevic, 2006).
Quarterly MCG verification introduces quantitative monitoring and enables detection of performance trends; however, its effectiveness depends on data utilisation (Renishaw PLC, 2021), its effectiveness depends on how it is utilized. Currently, it is mainly used for verification rather than detailed trend analysis, and the interval may still allow errors to develop. (Jardine, Lin and Banjevic, 2006).
Overall, the strategy is reliable but partially reactive and does not fully utilise available performance data.
[bookmark: _Toc226355938]3.2 Improvements to Current Maintenance Strategy
To enhance the effectiveness of the current approach, the maintenance strategy can be further developed from a predominantly time-based schedule towards a more condition-based approach.
A key improvement would be to increase the frequency of performance verification. Implementing monthly MCG checks, rather than quarterly, would enable earlier detection of measurement drift and reduce the risk of undetected errors (Renishaw plc, 2026).
In addition, a more structured approach to analysing recorded MCG data should be introduced (RenishawPLC, 2021). Trend analysis would allow gradual deterioration in machine performance to be identified earlier, enabling maintenance to be scheduled based on actual condition rather than fixed intervals (Jardine, Lin and Banjevic, 2006).
Monthly preventative maintenance is already carried out effectively by trained Quality personnel; however, the introduction of a standardised checklist would further improve consistency and traceability. This would ensure that all critical inspection points are consistently reviewed and recorded (Mobley, 2002).

[bookmark: _Toc226355939]3.3 Alternative Maintenance Approaches and Evaluation
Many alternative maintenance strategies could be adopted to further improve reliability, efficiency, and accuracy. Each approach offers advantages for implementation.

3.3.1. [bookmark: _Toc226355940]Condition-Based Maintenance (CBM)
Condition-based maintenance (CBM) involves performing maintenance based on the actual condition of equipment rather than fixed time intervals (Jardine, Lin and Banjevic, 2006; NASA, 2008). It relies on continuous or periodic monitoring of machine performance data to identify early signs of deterioration and trigger maintenance only when required.
For a CMM, CBM can be implemented using MCG testing and performance trend analysis, which provide quantitative data on volumetric accuracy and machine geometry to detect gradual drift (Renishaw plc, 2021). For example, an increase in volumetric error from 2 µm to 6 µm over four weeks indicates declining accuracy, allowing predefined thresholds to trigger proactive recalibration before tolerance limits are exceeded.
CBM can also incorporate monitoring of probe performance, repeatability, and environmental factors such as temperature, all of which influence CMM accuracy (Pereira and Hocken, 2012). These parameters can be recorded and analysed digitally to provide a more comprehensive assessment of machine condition.
Implementation for the Zenith CMM would involve regular MCG data collection, digital storage of performance data (e.g. Excel or Statistical Process Control (SPC) system (SixSigma, 2019)), establishment of control limits, and maintenance triggered when thresholds are exceeded.
Overall, CBM reduces unnecessary maintenance, improves efficiency, minimises downtime, and enhances confidence in measurement accuracy (Mobley, 2002).


3.3.1.1. Evaluation:
This approach reduces unnecessary maintenance and ensures interventions occur only when required, improving efficiency and reducing downtime. However, it relies heavily on accurate data collection (Jardine, Lin and Banjevic, 2006).

3.3.1.2. Implementation in Future Strategy:
CBM can be implemented by integrating routine MCG checks into monthly schedules and establishing a digital log system to track performance trends. Over time, threshold limits can be defined to trigger maintenance actions automatically (Mobley,2002).

[bookmark: _Toc226355941]3.3.2. Predictive Maintenance
Predictive maintenance builds upon CBM by using data analysis to forecast when maintenance will be required. For a CMM, this involves analysing historical MCG data, identifying accuracy drift trends, and predicting recalibration requirements or potential failure points (Renishaw plc, 2026; Mobley,2002).

3.3.2.1. Evaluation:
This approach minimises unplanned downtime and allows maintenance to be scheduled efficiently. However, it requires more advanced data analysis tools and potentially higher initial investment (Jardine, Lin and Banjevic, 2006). According to Mobley (2002), predictive maintenance can significantly reduce maintenance costs and equipment failures, with potential reductions of up to 25% and 70%, respectively.

3.3.2.2. Implementation in Future Strategy:
Predictive maintenance could be introduced gradually by first collecting sufficient historical data. Simple trend analysis can then evolve into more advanced predictive models, supported by software tools (Silveira, A.A. Meghoe and T. Tinga, 2024).

[bookmark: _Toc226355942]3.3.3. Risk-Based Maintenance
Risk-based maintenance priorities maintenance activities based on equipment. For a CMM, this means that high-precision or tight-tolerance components require more frequent verification, whereas lower-risk components can be maintained with reduced intensity (Gulati, 2016).

3.3.3.1. Evaluation:
This approach improves efficiency by allocating maintenance resources and focuses effort where it has the greatest impact. However, incorrect risk assessment could lead to under-maintenance of important equipment (Mobley, 2002).

3.3.3.2. Implementation in Future Strategy:
A risk assessment matrix should be developed to classify CMM usage based on part criticality, tolerance requirements, and production impact. Maintenance schedules can then be adjusted accordingly and reviewed periodically (Gulati, 2016).


[bookmark: _Toc226355943]4. Costs and Resources Required for Proposed Improvements
The proposed improvements to the CMM maintenance strategy will require additional resources and a potential cost increase. However, these changes are aimed at improving reliability, accuracy, reducing risk, and preventing long-term failures.

[bookmark: _Toc226355944]4.1. Increased MCG Frequency
Increasing MCG verification from quarterly to monthly will require more time from Quality personnel and slightly reduce machine availability (Mobley, 2002).

[bookmark: _Toc226355945]4.1.1.Costs and resources:
Based on MCG cycle times of approximately 10–20 minutes per run (Renishaw plc, 2026), increasing testing frequency to monthly results in an estimated additional 2–4 hours of operator time per year per machine.
Based on UK manufacturing wage benchmarks, where minimum hourly rates exceed £12 and skilled technical roles command significantly higher pay, an estimated labour cost of £20–£30 per hour is considered realistic for trained maintenance personnel (MooreKingstonSmith, 2025). This results in an approximate annual cost increase of £40–£120 per machine (Mobley, 2002). 
In terms of resources, the implementation primarily utilises existing equipment, including the MCG, meaning no significant capital investment is required. The MCG is designed as a cost-effective interim verification tool between full calibration (Renishaw plc, 2026).
Overall, the financial impact of increased testing frequency is relatively low. Even small improvements in maintenance can prevent unplanned downtime, which in UK manufacturing has been estimated to exceed £5,000 per hour (Delacontrol, 2025). Early detection of performance drift through more frequent MCG checks therefore represents a cost-effective and low-risk improvement (Mobley, 2002).

[bookmark: _Toc226355946]4.1.2. Change management implications:
MCG checks are efficient in run time to perform, typically taking 10-20minutes in accordance with ISO10360-02; therefore, the impact on the Quality department is minimal (Renishaw plc, 2026). The main benefit is earlier detection of drift, which reduces the risk of false results (Renishaw plc, 2026). This can prevent rework and scrap.

[bookmark: _Toc226355947]4.2. Improving Preventive Maintenance Practices
Monthly preventative maintenance is effective; however, reliance on visual inspection can lead to variation between operators (Jardine, Lin and Banjevic, 2006). This can be improved by introducing a standardised checklist to enhance consistency and traceability, in line with quality management standard (ISO, 2025).

[bookmark: _Toc226355948]4.2.1. Costs and resources
The implementation of a standardised checklist is a low-cost solution, as it primarily involves the development of documentation rather than significant capital investment. The main costs are associated with labour time for creating, implementing, and maintaining the checklist.
It is estimated that initial development of the checklist may require approximately 4–6 hours of engineering time. Based on UK earnings data, where median hourly pay is approximately £18–£20 per hour (ONS, 2023), this equates to a one-off cost of approximately £72–£120.
Additional resource requirements include training personnel and completing maintenance records. Training is expected to take approximately 1–2 hours per operator, representing a minor cost depending on team size. Ongoing use of the checklist introduces minimal additional time per maintenance activity, typically a few minutes per task (Mobley, 2002). This provides improved consistency and traceability in line with quality management principles (ISO, 2015).
Overall, this represents a low-cost improvement with clear benefits in reliability, standardisation, and maintenance quality. Compared to more complex maintenance strategies, such as condition monitoring systems, the checklist approach requires minimal financial investment while still supporting effective preventive maintenance (Mobley, 2002; Gulati, 2016).

[bookmark: _Toc226355949]4.2.2. Change management implications
This approach requires operators to adopt a more structured method and increases technician responsibility using of recorded checks (ISO9001, 2015).

[bookmark: _Toc226355950]4.3 Introduction of Condition-Based and Predictive Maintenance
The current strategy can be further enhanced by implementing condition-based and predictive maintenance, using performance data to determine maintenance requirements (Jardine, Lin and Banjevic, 2006).

[bookmark: _Toc226355951]4.3.1. Costs and resources
The implementation of predictive maintenance requires additional resources for data collection, monitoring, and analysis. This includes increased engineering time for interpreting condition data and planning maintenance activities, which may require approximately 2–5 hours per month depending on system complexity. Based on a labour rate of £20–£30 per hour (ONS, 2023), this equates to an ongoing labour cost of approximately £40–£150 per month.
In addition to labour, predictive maintenance systems often require investment in hardware such as sensors, which can cost approximately £500–£5,000 per unit depending on the speciation for the application. Data acquisition systems and integration may introduce further setup costs (Cheung, 2026).
There may also be a requirement for analytical software platforms, which typically operate on a subscription basis. Software licensing costs can range from approximately £500 to several thousand pounds per year depending on system capability and scale (IBM, 2023; Comparesoft, 2026)
Despite these higher costs, predictive maintenance improves planning and reduces unplanned downtime by enabling early fault detection, which can result in significant long-term cost savings (Mobley, 2002).

[bookmark: _Toc226355952]4.3.2. Change management implications
Predictive maintenance requires the development of new skills and a greater reliance on accurate and consistent data. Existing maintenance may need to be adjusted to support a more data-driven approach (Jardine, Lin and Banjevic, 2006). 

[bookmark: _Toc226355953]4.4 Application of Risk-Based Maintenance
The current maintenance approach applies consistent intervals regardless of the criticality of components being measured. This can be further improved by introducing a risk-based approach, where maintenance frequency is adjusted based on part criticality and tolerance requirements (Gulati, 2016).

[bookmark: _Toc226355954]4.4.1. Costs and resources
The implementation of a risk-based maintenance approach will require time to develop and apply a risk assessment matrix. However, the overall financial cost is low, as no additional equipment is required (Mobley,2002).

[bookmark: _Toc226355955]4.4.2. Change management implications
This approach requires a shift towards risk-based decision-making and may involve updates to existing standard procedures to ensure consistency (Gulati, 2016).

[bookmark: _Toc226355956]5. Conclusion
The current maintenance strategy applied to the CMM is effective in maintaining machine performance and supporting production requirements within the Quality Department. The combination of annual calibration, monthly preventative maintenance, and quarterly MCG verification provides a structured and reliable approach to ensuring measurement accuracy.
However, as a predominantly time-based strategy, it presents limitations in detecting performance drift and fully utilising available machine data. While the introduction of MCG verification provides elements of condition monitoring, there is a clear opportunity to enhance the approach further.
The implementation of condition-based, predictive, and risk-based maintenance strategies would enable a more proactive and data-driven approach, improving early fault detection and reducing the risk of non-conformance. Although these improvements require additional resources and training, the long-term benefits in reliability, efficiency, and cost reduction outweigh the initial investment.
Overall, a combined approach integrating existing practices with condition-based monitoring represents the most effective and practical maintenance strategy moving forward.
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