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1. [bookmark: _Toc132396486]Introduction
Established in 1973 Renishaw is a company focused on metrology (the scientific study of measurement). The company began with touch trigger probes which would give accurate readings in three dimensions. This technology is now used in the automotive and medical industries. Scale was developed to measure distances in one dimension, scale uses steel which has had one face polished to a mirror finish and ablated with a series of lines to produce readable scale. After polishing, the scale will be contaminated with polish, which must be cleaned using the wash/rinse tanks. The aim of this report is to critically review the maintenance procedure associated with the wash/rinse tanks, evaluate how improvements can be implemented, and then relate the costs and resources necessary for this change.


2. [bookmark: _Toc132396487]Critical review of current maintenance practices?  

2.1. [bookmark: _Toc132396488]Machine Background
The act of polishing leaves a residue on the parts, these parts are cleaned through the ultra-sonic tank. The ultra-sonic tank uses high-frequency sound waves to displace the polish from the parts. Clean parts are required for plating or else the plating cracks when returned to renishaw, as the plating becomes very fragile. The parts are 1240mm long are submerged in a solution of mild strength alkali solution and the machine uses the ultrasonic to dissolve the build-up of polish from the parts. The solution is pumped through two filters initially a 5-micron netted filter and one 1-micron netted filter. This is to remove the dissolved polish from the solution, the cleaner the solution the more optimally the machine operates. 
The preventative maintenance is performed weekly, biweekly, and monthly, please see appendix 1. The weekly maintenance involves checking the tanks are clean and operating correctly and checking top-up barrels for both wash and rinse tanks. Biweekly involves checking pipes, electrics, and mechanically operated systems function correctly and ensuring settings are as described in the work instructions. (Renishaw, 2019)
[image: Z:\Miskin\Photos\SDP update photos\IMAG2223.jpg]The monthly maintenance includes a change of solution, changing the filters, and cleaning the inside of the tank. The maintenance begins with emptying the tank into barrels, cleaning the inside with a hose, and wiping dry with paper towel ensuring most of the polish has been removed. Whilst the tank is empty the filters need to be changed. 
[image: Z:\Miskin\Photos\DSCF1787.JPG] [bookmark: _Toc132396337]Figure 1 – Empty point valve (Renishaw, 2019)







[bookmark: _Toc132396338]Figure 2 – Waste barrel (Renishaw, 2019)


2.2. [bookmark: _Toc132396489]Positives
The maintenance is completed on a regular monthly occurrence and recorded on a check sheet. The maintenance fulfills the requirements needed for changing the fluid and filters. Continuous monitoring for defective pipe or wire damage allows for minimal issues. The monthly check ensures the aspects of the machine which are easily accessible and require frequent changes are completed and to check for functionality.
2.3. [bookmark: _Hlk132180336][bookmark: _Toc132396490]Shortcomings
Maintenance completed at monthly intervals are not a reliable system for maintenance. Maintenance is completed monthly, however; in one month it could be done at the beginning and at the end of the other. This would mean the maintenance would have not been completed in 2 months.  This can be caused due to lack of availability due to orders and scheduling by engineering. A study should take place to gauge the effectiveness of the wash tank as the solution usage increases. The study will show how many cycles of washing are needed, before a critical failure. If the tanks have been used excessively, the filters will be caked with polish. This results in the solution being oversaturated with polish and resulting in the residue not being dissolved into the solution. Maintenance would not be required if the tanks are not being used due to a lack of orders for these parts. 


3. [bookmark: _Toc132396491]A full evaluation of how the current approaches to maintenance could be improved.  
The maintenance should not be completed monthly and should be completed based off the numerical data which can be obtained, there are several instances this could be applied:
· Particle counter
· pH tester
· Using ultraclean activity metre (to track frequency and power)
3.1. [bookmark: _Toc132396492]Particle counter
A particle counter could be implemented into the system to detect the concentration of polish in the tank. Once a certain concentration is reached an alert can occur or a message sent to a technician’s computer to notify them to complete the maintenance. This minimises the risk of the parts being left dirty after the wash. This could be used to identify when the filters need to be changed, instead of changing on a monthly maintenance. 
3.2. [bookmark: _Toc132396493]pH tester
As the solution is a weak alkaline a pH test can be used to track the change and complete the general maintenance. This change would allow maintenance to be completed when needed instead of a monthly cycle. This could also be monitored using the number of cycles the tank has gone through since its last maintenance by tracking if there remains a build-up of polish on the side of the part. Monitoring when this residue begins to remain on the parts the meant time to failure can be calculated and engineering can put a timescale of when the wash tank fluid needs changing.
[image: A picture containing text, device

Description automatically generated]
[bookmark: _Toc132396339]Figure 3 – pH tester (RS, 2023)
3.3. [bookmark: _Toc132396494]
Ultrasonic testing
[image: A picture containing indoor, dock

Description automatically generated]As previously mentioned, an issue arose when the ultrasonic emitters failed to function, this is caused by general degradation over time, there is currently no process to check the health of the emitters. A test needs to be added to the Standard process description (SDP) to ensure that during maintenance the ultrasonic strength is checked (Renishaw, 2019). This will allow engineering to monitor the emitters condition and when required change the emitters. Using meant time to failure (MTTF) a prediction can be made as to when ultrasonic emitters need to be changed to avoid a breakdown and this can be implemented going forward (Gaver, 1963). The setup to measure the strength of the ultra-sonic is shown in figure 4 and Figure 5. Testing different quadrants of the tank ensures all the ultrasonic is consistent across the tank.
[image: ]







[bookmark: _Toc132396340]Figure 4 – Wash tank divided by quadrants. (Lewis, 2023)

[bookmark: _Toc132396341]Figure 5 – ultraclean activity monitor (Lewis, 2023)



4. [bookmark: _Toc132396495]A consideration of costs and resources required to implement proposed changes.
4.1. [bookmark: _Toc132396496]A breakdown of maintenance costs
The planned maintenance takes up to 3 hours of work and will approximately cost the company £150 every month. Unplanned maintenance will cost the company £300 if it is required whilst they require the equipment. If reactive maintenance has occurred does occur, this could cost the company £600. 
As a percentile 75% of maintenances are planned (or 9/12 times), 16.6% are reactive (2/12 times), and 8.3% is breakdown (1/12 times). Multiplying the required yearly maintenance occurrences:
Multiplying the occurrence percentages by the costs, a cost maintenance cost can be calculated:
(9 x £150) + (2 x £300) + (1x£600) this yearly comes to a cost of £2550.
A calculation can be done to calculate the mean time to failure, or the time taken before the ultrasonic emitters needs to be replaced before a critical failure:
MTTF =  
MTTF =  = 152.333 hours until breakdown. (Hagmark & Virtanen, 2007)
The MTTF can be used to calculate how many cycles of the machine are possible before a possible failure, engineering can change the ultrasonic emitters. This would change the breakdown maintenance to planned maintenance, which would decrease yearly cost by £450. The data gathered from the ultrasonic tester can be compiled into a bell curve to gain a greater understanding of the life cycle time of the emitter. The emitters can be changed before the likely point of failure. (Gaver, 1963)
4.2. [bookmark: _Toc132396497]Changing maintenance schedule
Using monitoring equipment, the maintenance tasks can be changed from a monthly basis to a monitored activity. This would allow engineering to split tasks and change separate parts of the wash tank, for example, if the particle count is reached excess residue will fall to the bottom of the tank increasing the likelihood of a fluid change. Changing the filter which is a small fraction of downtime would see a reduction in the necessity to change the fluid, which is the most time-consuming part of the maintenance. A reduction in fluid change means there is less downtime for production, less maintenance overall, and a cost reduction. If the maintenance were to be carried out 6 times a year 1.5 months rather than every month, a reduction of £850 yearly would be seen to the maintenance costs.
4.3. [bookmark: _Toc132396498]Reducing possible scrap value
If maintenance is not carried out and a fault does occur various batches of material can be sent out before noticing a fault. For instance, a fault occurred in which the ultrasonic generators had failed, resulting in parts not being cleaned adequately. The poorly cleaned parts were returned from plating with microcracking and plating which popped off the parts. The strength of the ultra-sonic tank was not being monitored, as time and usage went on the strength of the ultrasonic generators degraded until they did not work as intended. The incident resulted in a loss of £30,000 cost to the company; this cost is calculated by taking the cost of material whilst plated (£125) and multiplying by the number of parts (50 parts) and multiplying by 2 as a rework cost. This incident affected multiple batches of material. 
4.4. [bookmark: _Toc132396499]Reduction in running costs.
Another instance where maintenance and costs can be reduced is with the heating elements, currently, the tanks are kept on during the weekdays. Despite production not running through the night shift the tanks are kept on continuously heating the water will increase running costs and decrease the time till failure for this component. An ideal solution is to turn off the wash tank after use to reduce costs. Adding to this insulation could be added to the tank, keeping the solution hotter for longer and reducing the usage of the heating elements. These would help Renishaw’s and the UK’s goals towards being a net-neutral contributor of green house gasses. 
5. [bookmark: _Toc132396500]Conclusion and recommendations
This report highlights the costs associated with inadequate maintenance procedures, a lack of monitoring of the life of the equipment can lead to failure of certain components. If this monitoring procedure is not done an as a result a key component fails, then there are large cost complications associated. Ensuring maintenances is carried out and ensuring all components of the machine are operational is key to quality. It also shows how Renishaw can reduce costs through these monitoring process, key components can be maintained more reliably, as they are changed by analysing data and not through random judgement. 
The recommendations this report has already laid out is in the:
Short term:
Implement the ultrasonic measuring device in future maintenances, and the ultrasonic detection device will indicate when the effectiveness of the ultrasonic decreases. Change the check sheets for operators to ensure the tanks go off after using the tanks, to reduce energy wastage. Insulate the tanks on all sides to ensure the heating elements are used less after the desired temperature is reached.
Medium term:
Purchase a pH sensor and particle counter to be used in the wash tank, install the particle counter to the machine to actively monitor the build-up of polish inside the tank. As the concentration of polish increases in the tank the effectiveness of the solution should decrease, when this happens the filters should be changed. pH sensor has the same principle once the pH drops and a noticeable decrease in performance is noticed the fluid should be changed. Data should be collected from both sensors daily. 
Long term:
The data collected from the ultrasonic tester, pH tester and the particle counter can be put into a spreadsheet and plot a life cycle of the component. A prediction can then be made on when the components will fail in the future and a new maintenance plan can be implemented. 
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