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[bookmark: _Toc194686338]1.0 Introduction
As the manufacturing industry continues to grow and to adapt, one constant is that production equipment must be well maintained in order to keep up with the fast paced world of the 21st century. Preventative maintenance is a way of minimising substantial faults within a given system (Costa, 2018), and ensure that breakdowns are kept to a minimum to maximise manufacturing output.
This report will give some background information about the company and the product that the chosen piece of equipment is a part of, giving a brief overview of what it does and how it effects the rest of the assembly process. Then, the aims of this report are to critically analyse and assess the current preventative maintenance schedule of a chosen piece of equipment, to discern the validity of it and talk about why this approach was introduced. This analysis will determine any strengths and weaknesses, or whether the actions are relevant to the equipment and if anything can be removed. 
From this, an evaluation into any and all improvements that can be made to ensure the effectiveness of the maintenance schedule is at its peak. The improvements can include adding or removing actions, approaching the maintenance schedule differently or amending the schedule completely so that it is maintained more or less frequently.
Lastly, any costs and labour considerations will be discussed, with a view of recommending realistic improvements that are cost effective. Any issues with change management and how to overcome them will be considered along with final conclusions and recommendations.









[bookmark: _Toc194686339]2.0 Business and Product Background
[bookmark: _Toc194686340]2.1 Renishaw plc
Renishaw plc was founded in the early 1970’s when Sir David McMurtry and John Deer invented the touch trigger probe in order to resolve a specific inspection requirement in an Olympus engine, which was used in the Concorde airplanes. From there, the two innovators set up their headquarters, New Mills in Wotton-under-Edge in Gloucester where they specialised in metrology products and later in the 2010’s, additive manufacturing (AM) (Renishaw plc, 2025). The full RenAM500 range is shown in figure 1 (Renishaw plc, 2024) below:
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[bookmark: _Toc194684936]Figure 1, RenAM500 Range





[bookmark: _Toc194686341]2.2 Quad Fusion Module
In order for the RenAM500 machines to accurately position its four lasers in the correct area and at the correct magnification, an optical interfacing unit was designed that the lasers would travel through in order to achieve its goal. This unit, called the quad fusion module, sits on top of the AM machine, as shown in figure 2 below:
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[bookmark: _Toc194684937]Figure 2, Quad Fusion Module Optical Train
The green box and lines denote the four lasers and their fibre optic cables that run from the bottom right of the machine up to the centre middle, where the quad fusion module sits. The lasers are fitted to the four quadrants that are on each corner of the module. 
Each laser beam passes through a beam delivery optic (BDO) and through the voice coil, which sets the focus of the beams. Then, the focussed beams get redirected by the galvo mirrors that are mounted in the centre of the quad fusion module.


[bookmark: _Toc194686342]2.3 BDO Alignment Bench
The piece of equipment that will be the focus of this report is called the BDO Alignment Bench. It is on this bench that the voice coil assembly is aligned to its mating BDO block which then becomes a completed BDO assembly. The process of BDO alignment is the most crucial part of assembling a quad module as this process sets the focus point and the alignment of the assembly. 
Due to the amount of optics within the module, there is a compensation factor of 16:1 from BDO to powder bed. Meaning that an error of 1mm at the BDO alignment will result in a 16mm error in the build, which will cause irreparable build deformities and lead to customer dissatisfaction. Below in figure 3, shows the BDO alignment bench:
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[bookmark: _Toc194684938]Figure 3, BDO Alignment Bench
The left side of the bench is used to build the assembly components onto the BDO block and fit the voice coil assembly, then the complete unit gets fitted to the right side of the bench where it is fastened by three bolts. The operator then runs through the step locked script where the focus position is set and the alignment of the voice coil is adjusted and tested. The inside of the metal housing is where the camera used to detect and interpret the leaser beam is mounted.



[bookmark: _Toc194686343]3.0 Critical Review of Current Maintenance
The current maintenance schedule consists of three different procedures; a daily check that the production staff carry out which involves general housekeeping; cleaning, organising the bench etc. The production staff then sign their name and date on a check sheet that is stored within the workbench.
The other two maintenance procedures are undertaken by the engineering team every three months and six months. This type of work falls under the preventative maintenance category as it is carried out promptly after certain periods of time, by a dedicated engineering team following a set instruction. Below in figure 4 shows a flow diagram of preventative maintenance which the BDO alignment bench schedule follows (Lambert-Torres, 2023):
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[bookmark: _Toc194684939]Figure 4, Preventative Maintenance Flow Diagram
This maintenance approach was chosen with the aim of trying to prevent any unnecessary downtime on the rig by ensuring all equipment used is in a desirable state. Preventative maintenance on this rig is designed to maximise the overall performance of the rig and its systems to prolong its lifespan (Khanlari, 2008) by ensuring that predetermined components are checked and replaced if necessary.
The actual tasks themselves were not chosen due to any predictive maintenance strategy, which would involve predicting trends and system behaviour based on statistical analysis and data driven work (Zonta, 2020). They were chosen as they are the parts that physically move the most. The same can be said for the time intervals, which were chosen based on how often each element of the alignment bench is used. 
The three monthly schedule involves the checking of the voice coil stands, ensuring that the nuts that hold them together are not loose and tightening them as and when necessary. The document then asks the technician to check the camera lens is free of debris and any other contamination, and states to blow the lens with an air gun if there is any debris, running the risk of agitating dormant debris.
The alignment forks are next to be maintained, firstly being removed from the alignment block before being inspected for damage and then finally being cleaned using neat IPA and a lint free cloth. Below in figure 5 shows the alignment forks in and out of the block:
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[bookmark: _Toc194684940]Figure 5, Alignment Forks
Lastly, the three month schedule asks for the vee insert jig (figure 6) and the voice coil test cable (figure 7) to be checked for general wear and tear; stating to replace the cable with a brand new one in the event of damage. 
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[bookmark: _Toc194684941]Figure 6, Vee Insert Jig
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[bookmark: _Toc194684942]Figure 7, Voice Coil Test Cable
The document then moves onto the six month maintenance tasks which involves the maintenance of the torque bit selector and the rigs ioniser bar, both of which have their own specific maintenance instructions. The torque bit selector instructions asks the technician to remove all bit housings and clean them with neat IPA and a lint free cloth, whereas the ioniser bar (figure 8) instruction asks the technician to remove and clean each electrode using the cleaning tool provided from the supplier. 
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[bookmark: _Toc194684943]Figure 8, Ioniser Bar
In order to asses the validity of the maintenance schedule intervals, the maintenance history of the alignment bench was researched using Syteline, which is the Enterprise Resource Planning (ERP) software that Renishaw use to integrate its different department functions internally and externally (Shaw, 2002). 
The historical data shows that there have been a few parts that needed to be replaced, which are the nuts which hold together the voice coil stands and the M4 bolts that fasten the alignment forks to the block. This is one of the drawbacks of preventative maintenance as this is not captured on any check or task in the schedule, rather it was changed on a reactive basis. Durocher (2004) cited using “wellness information” as part of a condition-based monitoring system which these fasteners could be added to; driving predictive, data driven change rather than reactive tasks.
There is no training matrix for the instruction document, meaning that anyone new to the area would be picking this maintenance up without any training. This could lead to the alignment forks being fitted incorrectly or potentially damaging them during removal or reinstall.
There is also no golden unit for this bench, so if there was an instance where the bench was damaged or had received a shunt from an external source, there would be no way of getting a benchmark value to set the camera position to. A golden unit would also prove out the alignment bench if there was ever a batch of BDO assemblies that were failing.
















[bookmark: _Toc194686344]4.0 Improvement Evaluation
[bookmark: _Toc194686345]4.1 Preventative Maintenance Improvements
Preventative maintenance can be broken down into two major categories; procedure and discipline. Procedure is what components need to be checked and changed and how often these checks take place, whether it’s over a period of time or after a certain amount of uses. Discipline is ensuring that there are persons responsible for carrying out these tasks and inspecting whether they have been done on time and to an acceptable level (Mobley K. , 2023).
Jezzini (2013) agrees with the above statements, noting that systematic inspection and correction of incipient issues before they lead to catastrophic failures is essential. Preventative maintenance could be utilised alongside predictive maintenance to ensure that personnel cover all bases and extend the life of manufacturing equipment.
In the short term, the current strategy could be improved by first reviewing what parts of the bench need checking by using the historical data, namely the fasteners that needed to be changed that are not currently part of the check list. This would ensure that commonly used parts are checked and changed proactively rather than reactively. Going from the historical data and the recent demand increase of quad modules, increasing the frequency of the checks would also help to ensure the longevity and efficiency of this alignment bench. 

[bookmark: _Toc194686346]4.2 Introduce Predictive Maintenance
The long term improvement that could be made to this benches maintenance schedule would be to introduce predictive maintenance. Which is the implementation of techniques aimed to reduce unnecessary part replacements, improve process efficiency and availability whilst also maintaining a high level of safety. 
The golden unit would give ongoing data that would be used for condition based monitoring (Ahmad, 2012), which involves observing test results and monitoring drift over time compared to set limits. Then making data driven decisions on which parts to change to attempt to bring the test results back to nominal values (Hashemian, 2011).


There are some drawbacks to predictive maintenance in the form of erroneous data or anomalies in the dataset. This could cause the data to be skewed and draw focus to the incorrect area of a given piece of equipment (Nunes, 2023). This being an industrial piece of equipment, the BDO alignment bench is susceptible to this erroneous data because the process itself is very manual and heavily relies on operator skill and experience.
A pictorial example of why predictive maintenance is beneficial to any given system can be seen below in figure 9 (Achouch, 2022). It shows a machine that starts off in normal operation and slowly deteriorates over time, also showing the point at which predictive maintenance would have picked up the failure.
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[bookmark: _Toc194684944]Figure 9, Predictive Maintenance Early Warning
Depending on funding, the addition of sensors and thermistors could be beneficial for this bench. If one was to monitor the temperatures and currents outputted by the bench, one could create an algorithm that would predict which parts needed to be changed which removes the risks of any oversights one may find using preventative maintenance (Ahmad, 2012).




[bookmark: _Toc194686347]5.0 Recommendations
[bookmark: _Toc194686348]5.1 Introduce a Golden Unit
There are a number of improvements to be made in this maintenance schedule, alongside some actions to be added that are not yet carried out, the most important improvement that needs to be added as a matter of urgency is a BDO assembly golden unit. This would need to go through an extensive validation plan to ensure that it was an actual golden unit. 
The validation would involve setting and aligning the unit, building into a complete quad module and letting it run through the entire process and end of line rig. The finished module should then be fitted to an AM machine to go through the optical commissioning procedure. This is because the quad cell processes and their limits are derived from the AM machine optical commissioning data, so letting the golden unit run through optical commissioning is essential. 
This validation plan does come at a large labour cost as it would take around twenty eight hours at £115 per hour, bringing the total labour cost to £3220 plus the cost of a BDO assembly which is £2564.49 giving an overall cost of £5784.49.
The golden unit could then also be used for future maintenance planning, and could potentially make this maintenance procedure predictive, which would improve the reliability and reduce the downtime of the bench overall (Abbassi, 2022).

[bookmark: _Toc194686349]5.2 Camera Enclosure
As mentioned in section 3, the camera enclosure does not get opened and the equipment inside does not get checked thoroughly. Removing the enclosure lid would make cleaning the equipment easier and removes the risk of moving dormant contamination around the enclosure. 
Another benefit of going in to the enclosure is the ability to monitor the camera positions. The camera and lens are set on micrometres, so ensuring that they are always set to the correct position, feeding into the data collection element of condition based maintenance. 
This data could then be analysed and used to make informed decisions on what checks actually need to be done and how often, fully optimising the alignment bench and potentially extending its working life (Mobley, 2002). This data would be used to make improvements if the test results starting to drift from nominal, as mentioned in section 4.1.
[bookmark: _Toc194686350]5.3 Kotter’s Model for Change Management
The ideal way of implementing the proposed changes would be to follow a change management model, such as Kotter’s model which is an eight point model for sustaining change in an organisation (Kotter, 1996); the eight point model can be seen below in figure 10 (Kotter, 1996):
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[bookmark: _Toc194684945]Figure 10, Kotter's Eight Point Model
This model can be used as a checklist to drive lasting change on the BDO alignment bench by establishing a need for the change through predictive maintenance strategies, creating and communicating a plan. The model will go through to the implementation and control of the changes going forward to ensure lasting results (Haas, 2021).








[bookmark: _Toc194686351]6.0 Conclusion
To conclude, there are more than one ways to improve the maintenance schedule of the BDO alignment rig. Depending on how much the company would be willing to invest in the updates, Renishaw could improve the current preventative maintenance schedule by reviewing the maintenance history and adding the fasteners that needed to be changed into the checklist.
Alternatively, Renishaw could invest money into the bench and introduce predictive maintenance based off of condition based monitoring and algorithms driven by sensors across the bench. This method would be more costly than improving the current schedule but would output better results by using data driven decision making to carry out the relevant tasks at the right time. 
As mentioned above, Kotter’s model would be a proficient way of orchestrating the change management needed to implement such changes. This will be achieved by following the strict guideline from creating the reason for change through to reinforcing them.
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