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“Maintenance, otherwise known as technical maintenance, refers to a set of processes and practices which aim to ensure the continuous and efficient operation of machinery, equipment, and other types of assets.”, Tarlengco (2022). Maintenance is important within engineering as it allows for benefits such as longevity of equipment, optimised performance, and also may allow for minimising the chance of unscheduled downtime. This report will consist of one piece of equipment used regularly within FSG Tool and Die Limited, taking into account of how it is maintained. An evaluation of what could be done to improve the current approach will be carried out, as well as how this could be implemented in future maintenance planning. Cost and resources required to do so will also be taken into consideration. 

1. [bookmark: _Toc131165047]Business background 

Founded in 1961, FSG Tool and Die Limited are the largest, privately-owned design and build toolmaking company in Europe. It began based around the manufacturing of various press tools for the food and drink industry, with an example being foil tools for packaging. As investments into new technology was made, FSG Tool and Die Limited was able to expand out into more industries such as automotive, industrial, and also medical. From here it was possible to provide precision machined products, as well as prototype manufacturing. 
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Based on the above statement, one piece of equipment has been chosen for this report. The piece of equipment chosen for this report is a CNC lathe, moreover the name being ‘Mazak integrex’. This is used to manufacture precision machined products for each of the industries mentioned above. It is run by one operator, who is also able program on the machine. It uses a three-jaw chuck for workholding, as well as a tailstock for any longer components. This type of CNC lathe also has five axis capability, moreover the ability to turn and mill components to tight tolerances successfully. This piece of equipment is used on a daily basis within FSG Tool and Die Limited, due to this maintenance is essential. 
The information for the maintenance was acquired through the means of an interview with the team leader of the section. A variety of practices was mentioned here. “Every Monday morning the machine is checked to see if there is adequate oil and coolant, as well as cleaning the filters of swarf to help the flow of coolant throughout. An hour is spent doing so.”, (Heath, B. Interview 28th Feb 2023). This suggests that one type of maintenance is performed on the CNC lathe often. “Once completed, a maintenance chart is filled in to show it has been carried out.”, (Heath, B. Interview 28th Feb 2023). This infers that the maintenance is kept track of to ensure it is carried out consistently. 
The text states “Condition-based maintenance is a maintenance management philosophy that bases the decision to repair or replace assets on current and/or future conditions.”, Eisner (2022). This implies that the maintenance is only performed when the facilities require it. For this scenario, it is simply putting hydraulic oil into the machine if the indicator is reading that it is low. 
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Description automatically generated]The above image is where the hydraulic oil is inserted into the machine. As this image was taken halfway into the month it will not need refilling at that current moment in time. With that being said, it will need to be refilled soon as it is getting close to the red mark made on the tank.
As the interview continued, more types of maintenance were identified. “Every six months the machines are given a service where a technician comes in to perform three tasks. This involves replacing any lubricants, aligning the machine, and also cleaning the leadscrews of any swarf. I don’t think this is a big deal of work.”, (Heath, B. Interview 28th Feb 2023). This also suggests that this type of maintenance carried out is planned maintenance due to the fact that there is a set time period for when it is carried out. “The objective of Planned Maintenance is to establish and maintain optimal equipment and process conditions.”, Kaczmarek (2016). This denotes that the system is in place to sustain the quality output of the machinery used within FSG Tool and Die Limited.  
The article states “Outsourcing is the business practice of hiring a party outside of a company to perform services or create goods that were traditionally performed in-house.”, Twin (2022). This infers that the type of maintenance performed in this scenario is known as ‘outsourcing maintenance’, furthermore the team leader does not think it is a good idea to have somebody come out and perform the servicing on the machinery. This may be because it has some similarities to what the employees carry out every Monday. The result of this may not be the most cost-effective decision made. From looking into maintenance reports, it was found that the service costs £880 for the one machine. This is based on the fact that the technicians cost £80 per hour, with the time taken to carry out the tasks being eleven hours. Within FSG Tool and Die limited, there are five CNC lathes, meaning that this cost could potentially come out to £4400 every six months. This equivalates to £8800 a year. The following review will determine why the current approach is being taken. 
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From using the information found above, a critical analysis of the current maintenance approach can be carried out to identify what about it is beneficial, conversely what could be done to improve the approach. More emphasis will be placed on the service due to it involving more convoluted tasks to be carried out.  
One benefit to the current service approach is that the outsourcing allows for individuals with more technical expertise on the subject to carry out the tasks more effectively. This method of maintenance may have been chosen because the technicians are also from the same company which manufacture the machine. This approach does not require any further training. Another benefit could be that as FSG Tool and Die Limited is a manufacturing company, outsourcing the maintenance saves time by not having to train people to carry out the more complicated tasks, which can be used then for further training on component processes, procedures, other equipment, etc. Next, the equipment required for the maintenance of the Mazak Integrex will not have to be kept on site if it is outsourced. The result of this is saving space within the premises. 
With the benefits, there are a number of drawbacks. One being the machine has to be down for the period of the service, even when the technician is not on site. This is typically for the period of two full days, taking eleven hours in total. The technician works a maximum of six hours per day, furthermore a typical shift within FSG Tool and Die Limited is eight hours long. Despite the time difference, the machine is still unusable. This results in a loss of production. Another disadvantage to this approach could be that there is not as much control over aspects such as procedures or protocols as the technician is following the practices set out by the third party. 


4. [bookmark: _Toc131165050]What could be done to improve the current approaches 

Based on the interview carried out with the team leader of the section, it can be found that this approach to maintenance can be improved in a number of ways. 
Focusing on the smaller tasks carried out, the oil may not have to be looked into as often as mentioned. From looking at the image of the hydraulic oil tank, it is implied that it may only need to be added once a month as opposed to the quantity being checked weekly. This allows for filter cleaning and adding coolant to be the only weekly tasks to be carried out, furthermore allowing for less time taken on maintenance tasks after the first Monday of the month. The extra time can be used for starting work on the machines earlier on in the current shift. This could be applied easily through communication towards employees as they are already aware of the procedures used to carry out the weekly maintenance. Another maintenance chart could also be implemented in monthly increments to show that the hydraulic oil has been checked and added. 
In terms of the service, the tasks being carried out are very similar to the smaller tasks based on the answer from the interview. Using this information, the improvement which could be made towards this current approach could be to train the employees to carry out the service instead of it being outsourced. During a second interview with the team leader, it was mentioned that this has been partially completed. “Employees are trained to align the machine in the event of an accident occurring due to any errors made whilst programming, setting up, or running.”, (Heath, B. Interview 29th Mar 2023). Referring back to the fact that the service involves the machine being aligned, this may be done in house every six months as opposed to outsourcing the task. This also means that the equipment to carry out the alignment is on site, furthermore reducing the need to outsource the service in this manner would not consume additional space for this task. This could be implemented by having an employee using the equipment provided to ensure that the machine is aligned every six months, moreover another employee check the results over to ensure it has been aligned correctly. 
Another task which could be done in house is the cleaning of the lead screws. As it only involves the removal of swarf, it infers that this task is relatively straightforward. This means that there may potentially be minimum training in order to carry this out. With that being said, some training in relation to how expose the where needs cleaning as well as how to put everything back into its original state may be required here to prevent any future problems. 

5. [bookmark: _Toc131165051]Cost analysis 
 
In order to be able to take the mentioned improvements into consideration, the main thing to be thought about is how much this could potentially cost FSG Tool and Die Limited. To do this, it is important to see what the current costs are and how they are calculated. 
To approximate the cost for the weekly maintenance carried out, the hourly rate and time are used. FSG Tool and Die Limited charge £60 per hour for components. This may mean that the time used at the start of the shift breaks into the time which could potentially be used in order to manufacture. As it was mentioned that maintenance takes currently takes an hour in total, it can be assumed that in the current state it is costing FSG Tool and Die Limited £60 per week to carry this out. Over the course of the year this would come to £3120, based on the fact that there are 52 weeks in the year. 
As mentioned earlier in the report, the service costs £880 for the one machine. This was found based on the fact that the technicians cost £80 per hour, with the time taken to carry out the tasks being eleven hours. This accumulates to £1760 for the one machine. Within FSG Tool and Die limited, there are five CNC lathes, meaning that this cost could potentially come out to £4400 every six months. This equivalates to £8800 a year. 
The implementations suggested within the last chapter focus on reducing the cost of the weekly maintenance through the means of also reducing the time taken to carry it out. Only having to take one hour on tasks per month would cost £720 per year. Taking 52 away from twelve would equal 40, which would be the number of weeks where the reduced maintenance would take place per year. Another figure to take into consideration here would be £30 due to the tasks only taking half the time with the implementations added. Multiplying these numbers would come to £1200, which would be the overall cost of carrying out the reduced maintenance. Overall, this would add up to £1920 per year. Comparing this with the current figure, FSG Tool and Die Limited would save £1200 per year if the one task is only carried out once a month as opposed to once a week. 
In terms of the service, the goal here was to try and reduce the amount of outsourcing as much as possible due to the fact that it costs £20 more per hour. Assuming that it still takes eleven hours to carry out it would cost £660 instead of £880, however the lubricants have not been considered here as keeping the equipment and the lubricant itself on site would take up more space. For these reasons this task would still be outsourced, assuming it could take around two hours at most, coming to £160. The remaining nine hours would cost £540, giving a more accurate figure of £700 per six months. This accumulates to £1400 per year. This means that for the one machine, £3000 could be saved by reducing the amount of work outsourced. If this is implemented to all of the machines, £15,000 a year may be saved here. 
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To conclude, the current maintenance strategy for the CNC lathes within FSG Tool and Die Limited consist of condition-based maintenance and outsourced maintenance. The first strategy involves weekly checks to ensure that the machine is able to be used efficiently, whereas the second strategy ensures the longevity of the machinery in terms of life and overall performance. 
The two strategies were reviewed, highlighting the pros and cons to this. It was found that outsourcing the servicing allowed for quality work with minimum training, however this came with a larger cost as well as lack of control over any procedures. 
To improve upon the current practices, it was suggested to firstly try and reduce the amount of unnecessary time taken to carry out the condition-based maintenance per week to be able to spend more time manufacturing components, moreover to be more cost effective in doing so. For the service, it was suggested to try and remove as much outsourcing as possible because it costs FSG Tool and Die Limited much more as opposed to the employees carrying out the practices. This is because they already know how to carry out the majority of the tasks regardless. To summarise there is potential for improvement of the maintenance practices, but some further training will still be required in order to place these plans into action. 
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