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Introduction
This report looks at the current maintenance strategy which is used on the Technifor LW2 laser engraver that is currently used within the rotary encoder division at Renishaw. The engraver is a vital component of the manufacturing process, and sustaining output and product quality depends on its operation. The current preventative maintenance which is performed on the engraver once a week has proven to be a successful way of keeping the machine from having any catastrophic breakdowns, however the time it takes to complete the weekly maintenance is a limitation which could be improved by condition monitoring techniques.
This evaluation looks at these drawbacks and explores potential implementation strategies for a more responsive and balanced maintenance system. Adopting predictive maintenance technologies and implementing daily operator-led maintenance are two significant strategies that are investigated. These are evaluated according to their capacity to maximise maintenance effort, minimise downtime, and enhance production efficiency.
Throughout the report, key literature on maintenance techniques are used to support the findings and improvements which are suggested. The recommendations, which seek to increase dependability and lower the overall cost of quality, are based on viability, impact, and compatibility with ongoing operations. 

[bookmark: _Toc194829220][bookmark: _Toc194831254][bookmark: _Toc194835993]Current Maintenance Practices
[bookmark: _Toc194829221][bookmark: _Toc194831255][bookmark: _Toc194835994]How the equipment works.
One of the first stages of the production process is the engraving of the encoder rings. The laser engraver (Technifor LW2) is used to engrave vital identifying information onto each encoder ring. This information includes the part number, serial number/QR code and the Renishaw logo. This stage guarantees complete traceability and quality control across the course of the product's life.
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[bookmark: _Toc194828680]Figure 1 - Image of encoder ring engraving.



[bookmark: _Toc194828681]Figure 2 - Image of Laser Engraver.

The procedure starts when the operator scans the job sheet into the engraver PC. This will cause the software to automatically generate the pre-written program for the specified ring size. The operator ensures correct alignment by placing the encoder ring onto the tooling fixture (specified in operator work instructions). Once ready, the operator will run the program which causes the guard to enclose the part and the class 4 laser to engrave the parameters onto the ring. Throughout the product's life, this technique guarantees that the markings will be visible and durable.

Once the engraving is complete, the guard will open, allowing the operator to remove the encoder ring and inspect it. The operator will ensure that the ring conforms to the standards and expectations written by the customer. It is at this point that any defects are identified such as incorrect engraving data. 










[bookmark: _Toc194829222][bookmark: _Toc194831256][bookmark: _Toc194835995]Current maintenance practices and how it could be improved.
The Technifor LW2 laser engraver has a planned preventative maintenance schedule which ensures important parts and parameters are examined on a regular basis. Once a week, a member of the engineering team is allocated three hours to inspect and perform any maintenance tasks on the machine. A maintenance spreadsheet, saved to the PC is filled out by the engineer, recording every activity they complete. This strategy reduces unplanned breakdowns since preventative maintenance helps find and fix possible problems before they result in downtime (Levitt, 2011, pp.1–3). This is supported further by Neeraj Niijjaawan and Rasshmi Niijjaawan, (2010, pp.10–20) who explain that frequent inspections lower the chance of unplanned breakdowns by identifying problems early and preventing significant failures. Furthermore, due to the three-hour allotted time to perform planned maintenance, production is aware of the machine downtime, eliminating any unexpected interruptions. This effective maintenance/production communication keeps stakeholders updated on equipment status, planned maintenance, and interruptions, which decreases downtime and boosts productivity (Balachandran, 2025).
Preventative maintenance is a very efficient maintenance practice; however, it has some notable drawbacks. One major problem is that it adheres to a set schedule instead of considering the real state of the components, which might result in more downtime and needless part replacements (Neeraj Niijjaawan and Rasshmi Niijjaawan, 2010, pp.10–20). This is further supported by Keith (1989, p.49) who gives an example of the Challenger space shuttle failure which highlights how regular intervention may unintentionally result in damage. He explains “every time a person touches a piece of equipment, damage can occur”. This highlights the debate, if the machine is functioning as intended, is there a need to perform maintenance on it. 
Moreover, the possibility of unexpected breakdowns is not entirely eliminated by preventative maintenance. Despite regular maintenance, some problems, such as software bugs or technical failures, might occur without warning (Richa Chouhan, 2015). In the case of the Technifor engraver, it is reliant on a singular PC, indicating that a malfunction would stop production until a replacement is found. This causes reactive maintenance which is costly due to the unknown downtime to source a spare PC with the correct software installed (Williams, 2024).
Preventative maintenance has been the maintenance strategy in the past for the Technifor engraver because the regular inspection/servicing of parts and critical components has helped reduce the possibility of unexpected breakdowns. This is due to most parts being mechanical, so wear and tear can be predicted (Super User, 2024). Furthermore, preventative maintenance has given a structured schedule in which both the production and engineering team can agree on to maximise production efficiency (Dhillon, 2023).








[bookmark: _Toc194829223][bookmark: _Toc194831257][bookmark: _Toc194835996]Evaluation of how the current strategy can be improved.
The Technifor LW2 laser engraver's current maintenance approach has proven successful in avoiding significant malfunctions by means of routine preventative maintenance. However, there are certain elements within the current maintenance strategy which could be improved upon. By investigating alternate maintenance techniques and enhancing regular maintenance tasks, this evaluation considers possible improvements.
[bookmark: _Toc194829224][bookmark: _Toc194831258][bookmark: _Toc194835997]Limitations in the current approach
One key limitation within the current maintenance strategy is the total time it takes to complete the maintenance. The engineering team are given three hours each week to complete the tasks detailed in the maintenance schedule. Although this allotted time guarantees thorough maintenance, the operator could complete certain easier duties like cleaning the lens or checking the system for debris every day. This would free up engineers to concentrate on more complicated servicing requirements and lessen the time required to complete the maintenance tasks. Another limitation in the current approach is rather than considering the machine and its components real condition, preventative maintenance adheres to a set timetable, which could result in needless service, replacement of good parts and downtime (Edwards, Holt and Harris, 1998, p.31).
[bookmark: _Toc194829225][bookmark: _Toc194831259][bookmark: _Toc194835998]Alternative maintenance strategies
A more effective strategy would be to divide up routine maintenance duties across everyday operations. At the start of each shift, the operator of the machine could visually check the machine for any minor faults and clean any debris which may affect the performance of the machine. A RACI matrix (responsible, accountable, consulted and informed) could be created to detail the tasks each person is required to do. The benefit of the RACI matrix is that it is designed to clarify team roles and responsibilities (Matthews, 2024). In the context for the LW2 laser engraver, engineers would be responsible for the more in-depth maintenance activities such as laser height adjustment and extraction cleanout, whereas operators would be responsible for tasks such as general clean up and lens cleaning. By following this organised approach, the chances of overlapping tasks are reduced and a collaborative team environment is created (Baxter, 2015, p.24). Additionally, this method would reduce the weekly maintenance time, therefore it will increase the engraver's available production time.

[image: RACI Matrix: What is it and how to create one for your project]






[bookmark: _Toc194828682]Figure 3 - RACI Matrix Example (Ng, 2024)
Another maintenance strategy which could be incorporated is predictive maintenance. The aim of predictive maintenance is to gain an understanding of the equipment and estimate how long it will take until it begins to fail. A plan is created to replace or repair the equipment before it causes an issue or downtime of the machine (Rickey Smith, 2001, pp.1117, 1119–1130). Predictive maintenance incorporates sensors and data analytics to assess equipment performance in current time, this allows maintenance to be carried out on the equipment when it is necessary rather than on a weekly basis. Operations & Maintenance Best Practices Guide: Release 3.0 (2010) suggests that predictive maintenance has a cost savings between 8-12% over preventative maintenance. This is reinforced by Teslim (2024) who explains that within the energy sector, the company siemens incorporated a predictive maintenance strategy on their wind turbines. Siemens predicted equipment breakdowns and cut maintenance costs by 20% by analysing performance data using machine learning techniques.
To potentially improve the laser engraver maintenance, the use of sensors on key components such as the micro switches on the engraver door may help detect wear and tear before they fail. These micro switches are an integral part for the safety of the machine, however in the past 6 months, they have been replaced three times. Contact wear sensors could be applied to the micro switch which would be used to analyse the performance of the switch. The sensor will be able to feedback any irregular operation of the switch to the engineering team. Monitoring switch performance over time allows for the scheduling of repair before a breakdown happens, minimising unplanned downtime and enhancing system reliability.

[bookmark: _Toc194829226][bookmark: _Toc194831260][bookmark: _Toc194835999]Recommendations justified.
The implementation of daily operator maintenance along with predictive maintenance to the current strategy should be beneficial to the process. Engineers can concentrate on in-depth service and cut down on overall maintenance time by delegating basic duties like cleaning and visual inspections to operators. Additionally, incorporating sensor-based monitoring for crucial components will also improve efficiency by detecting maintenance requirements prior to failures. Achouch et al., (2022) reinforces the argument that predictive maintenance is needed in the increasingly demanding markets. The article explains that companies which use machine learning in terms of predictive maintenance will extend the equipment's lifespan while preventing unscheduled downtime and lowering expenses and energy usage.
Implementing these changes into the current maintenance schedule will reduce the time it takes to complete the weekly maintenance. Using condition-based monitoring techniques may also show that performing the maintenance tasks every week may not be beneficial or necessarily required.
By implementing these improvements, the Technifor LW2 laser engraver's maintenance plan would become more effective, economical, and robust against unforeseen malfunctions, ultimately increasing overall production.
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Before implementing changes to the current maintenance strategy on the LW2 laser engraver, it is necessary to assess expenses, resource allocation, and the effects of change management. Although it is anticipated that the suggested strategy of implementing predictive maintenance and shifting routine activities to operators will boost productivity, it is imperative to evaluate its operational and financial viability.

[bookmark: _Toc194829228][bookmark: _Toc194831262][bookmark: _Toc194836001]Considerations
The current overhead costs for the factory are £75.510 per hour. Manufacturing overhead costs is the total of all the costs within the business, excluding direct labour and material costs (Buma, 2022). 
This means that the current maintenance strategy of three hours per week for preventative maintenance is costing (£75.510 x 3) £226.53. The yearly cost for this weekly maintenance is approximately £11,770. By applying the proposed strategy of delegating some of the “easier” maintenance tasks such as the lens cleaning and general tidy up to the operators within the production team, there could be a significant saving in costs. For example, if the weekly maintenance was reduced to two hours rather than three due to the operators picking up some of the tasks, then this would be a total saving of (£11,770 - £7,853.04) £3916.96 yearly as seen in the table below.
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Figure 4 - Weekly and Yearly Costs for Maintenance
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Furthermore, to incorporate predictive maintenance into the current maintenance strategy, a cost will be incurred for the purchase of the sensors required to analyse the performance of the micro switch on the laser engraver door. The cost of software must also be considered and potential training to understand trends which the sensor is feeding back to the computer. There is also a risk of the sensor providing false positives or malfunctions, so it is important that the sensors are calibrated regularly to reduce the chance of these errors. While installing and integrating sensors can be expensive initially, the prospective savings in unscheduled downtime and related repair expenses must be considered. Enhancing operational efficiency and long-term dependability can be achieved by identifying early warning indicators and taking action before breakdowns happen. Along with research stated previously in the report, Benhanifia et al., (2025) suggests that although predictive maintenance has high initial costs, it significantly reduces maintenance costs over time. The report explains that predictive maintenance can have savings of up to 27% over standard preventative maintenance procedures. 

[bookmark: _Toc194829229][bookmark: _Toc194831263][bookmark: _Toc194836002]Change Management Implications
Introducing changes to a process may cause animosity amongst teams. While engineers may see this change as a threat to their duties or the importance of their work, operators may feel unprepared or hesitant to take on extra activities typically performed by maintenance workers. This is why it is important to implement effective change management strategies to ensure a smooth transition of work responsibilities (Hiatt and Creasey, 2012, pp.9–10). 

One way which this change could be navigated is with the use of Lewin’s change management model (1958) (Figure 6 below).
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The first phase (unfreeze) is where teams analyse the process and pick up on any inefficiencies, such as the weekly maintenance for the laser engraver. These inefficiencies must be communicated with both the production and engineering team. This phase should hopefully outline the current issues and prepare the teams for change. This is granting that employees are willing to change. A journal written by Krügel and Traub (2018) explains that organisational change is often unsuccessful due to employees being resistant to change. This means that it is very important to communicate the issues with employees so that they can understand the need for change. Simms (2005, p.124) reinforces that the within the “unfreeze” phase of the Lewin’s model, developing employee knowledge and training employees about the need for change can help ease resistance to change. New responsibilities are then introduced during the "change" phase, such as operators carrying out simple daily checks with the help of training and clear instructions. Lastly, during the "refreeze" phase, accomplishments must be acknowledged and new methods strengthened with ongoing support and monitoring.
Although Lewin's model provides a general framework, Kotter's 8 step model can offer more practical, people-centered measures to successfully manage the shift in change. Momentum can be maintained by taking actions like assembling a guiding coalition. This could be the lead operators and senior engineers who can help educate and train their teams on the need for change. As they are used to traditional methods and rely on established processes, the engineering team may oppose the suggested changes, however if the predictive maintenance is able to feedback the microswitch performance, then unplanned breakdowns are prevented. These short-term wins will be recognised by the engineering team as reactive maintenance will be avoided, but also the production team as the equipment efficiency will increase (Kotter, 1996).
By following these models, it Is possible to implement change successfully. It is important that all employees affected are well informed and educated on the change. Although the initial costs of training and resources may be significant, the long-term financial benefit will be justifiable.
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This report focussed on the maintenance strategy which is currently used on the Technifor LW2 laser engraver, and highlighted where the maintenance could be improved. Although the current weekly checks are successful in preventing significant malfunctions, the strategy could be improved by adding aspects of predictive maintenance and daily operator engagement.
In the short term, basic maintenance tasks such checking for debris around the machine, cleaning of the lens and surrounding areas could be given to the operator of the machine. This would reduce the time needed to complete the weekly preventative maintenance by the engineering team, allowing less downtime of the machine.
In the medium term, the maintenance plan should be updated to consider taking a more condition monitoring based approach, which will help cut down on needless weekly services. Continuous involvement by the production team to perform small tasks, training and documentation will be created/updated to ensure a smooth change in task management.
In the long term, predictive maintenance equipment such as sensors should be purchased and installed onto the engraver to monitor performance. This type of maintenance will predict failures of the machine before they happen, reducing the need for any unplanned downtime. 
By applying these changes, it would result in a system that is more dependable, economical, and efficient, lowering the overall cost of quality and raising operational productivity.
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