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[bookmark: _Toc131327269]Introduction 
Within the world of engineering, maintenance is considered in some cases to be priority number one. The contents discussed in this assignment will cover the current maintenance schedules which surround the MAZAK integrex i200, a CNC lathe used within the Renishaw machine shop based on the Miskin site. As well as looking into the current maintenance procedures, this assignment will give suggestions on how to improve the practises as well as the cost and impact of these changes. 
[bookmark: _Toc131327270]Critical Review of Current Maintenance Practises

[bookmark: _Toc131327271]Chosen Equipment 
The equipment I have chosen to cover in this assignment is the MAZAK integrex i-200. A visual representation of the integrex i-200 can be seen in figure 1. The integrex i-200 is Multi-Tasking CNC lathe machine which delivers maximum versatility and throughput for medium to large complex parts. The machine combines the capabilities of a high-powered turning centre and full-function machining centre to produce parts in single setups. (MAZAK, 2023). We currently home eight integrex i-200s within the Renishaw machine shop, working a three-shift pattern for five days a week and has both turning and milling capabilities. The integrex i-200 is a large, complicated machine which houses many complicated components which can easily fail if the correct maintenance procedure is not undertaken. 
The integrex i-200 machine specs are seen in table 1.
	SPECIFICATION
	BED LENGTH - 1000U MM

	Capacity
	Maximum Machining Diameter
	25.910 in / 658 mm

	
	Maximum Machining Length
	39.800 in / 1011 mm

	Main Spindle
	Maximum Speed
	5000 rpm

	Milling Spindle
	B-Axis Travel
	240°

	
	Maximum Speed
	12000 rpm

	Feed Axes
	Travel (X Axis)
	24.21 in / 615 mm

	
	Travel (Y Axis)
	10.24 in / 260 mm

	
	Travel (Z Axis)
	42.40 in / 1077 mm


Table 1, MAZAK integrex i-200 machine specifications. (MAZAKUSA, 2023)
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(Figure 1, Integrex i-200) 




                                                                                         (Figure 2, all eight integrex i-200in a row)

[bookmark: _Toc131327274]Current Maintenance Practises 
Discussed below are both the relevant maintenance practices for both planned and breakdown surrounding the integrex i-200. A copy of the Integrex i-200 maintenance schedule used at Renishaw is placed within the appendices. 
[bookmark: _Toc131327275]Planned Maintenance 
With regards to the planned maintenance on the integrex i-200, each of the eight machines present in our machine shop is assigned to an engineer. For example, integrex number five is assigned to myself. If an engineer is assigned an integrex i-200 they are responsible for ensuring the monthly, six monthly and yearly planned maintenance is completed. Karl broom, 2021, explains that planned maintenance is the most important sub category of maintenance due to the benefits surrounding its implementation, these are listed below:
· Reduced risk of business interruption due to breakdowns 
· Extended asset lifespan 
· Increased 
The planned maintenance schedule used was written in accordance with recommendations made by MAZAK although a few amendments have been made to better suit our units due to the specification we run them at. For example, there is a section dedicated to the CARDEV extraction unit, which is used to eliminate coolant mist from within the machine. 
The current planned maintenance schedule covers a lot of crucial aspects of the integrex i-200. Renishaw have owned the some of the integrex i-200’s for eight years, meaning that common faults have made themselves apparent and have been added to updated issues of the schedule. An example of this is seen in the maintenance schedule, number 26 under the monthly headline states ‘Check condition of barfeed struts’ (Jon Cotterell, 2021). This is an addition added due to an incident report where the barfeed struts had failed and the door had closed on an operator’s hand. It is beneficial that the schedule is commonly updated as the engineer is reading the most up to date information when carrying out the planned maintenance. 
Aswell, the schedule cover the external elements of the machine i.e. the barfeed and extraction unit. These are both key parts of the integrex i-200’s cycle and will drastically effect the machines performance and capability if either were to go in to a breakdown status. 
Although the current maintenance schedule is good, there are many aspects to it which aren’t, these are mentioned below. 
There are many jobs listed within the schedule which are not required to be done by an engineer. Renishaw employ a dedicated person to look after the oils and coolants of all 80+ of Renishaw CNC machines. Under the 12 monthly section on number one, two and four the schedule asks the engineer to replace oil. This job is carried out by the oils and coolant person every 6 months meaning that when the engineer changes the oil, chances are the oil is new and not needing to be changed. A 200-litre barrel of HV32 oil costs on average £550 (cutwell oils, 2023) and the integrex i-200 takes 50 litres meaning that each machine is wasting around £137.50 worth of oil every year, that’s £1,100 for all 8 machines. 
[bookmark: _Toc131327276]Breakdown Maintenance
When the integrex i-200 goes into a breakdown status. The operator will use the Renishaw designed ‘Seiki’ system. The seiki system is used to send alerts to the maintenance team when a machine goes into a breakdown status, it allows the user to input credentials such as reason for booking and priority. Common breakdowns with the integrex i-200 include, coolant leaks, alignments, milling spindle malfunctions and turret rotational errors.  





[bookmark: _Toc131327277]A Full Evaluation of how the Current Approaches to Maintenance Could be Improved. 
Although the current maintenance strategy for the integrex i-200 is adequate there are still some imperfections that can be rectified. This includes training of the engineers carrying out the planned or breakdown maintenance frequency of the planned maintenance. 
[bookmark: _Toc131327278]Training
Steve Penfold, 2022 explains that employee training is an important aspect within the running of any business. They further explain that a good level of training expands the knowledge base of employees and give grounds for a happier more productive work force.
One of the main issues facing the maintenance of the integrex i-200 is training. Each month, time is set aside in the machines schedule for planned maintenance, for example, 4 hours on the 21st of March. The planned maintenance must be carried out on the specific date to meet the needs of production. Seeing as only a few engineers have training to carry out planned maintenance on the integrex i-200 this target is often missed due to illness, annual leave or other reasons. 
With the window missed, and the planned maintenance not completed. Potential issues can arise, such as ballscrews being left ungreased, coolant flow channels left blocked etc. To combat this issue, there should be a minimum standard of training given to all maintenance employees, whether the integrex is assigned to said employee or not. If the assigned employee is not available to carry out the planned maintenance there will always be a back up to cover, meaning the maintenance is guaranteed to be carried out each month. Lack of planned maintenance will increase the rate of breakdowns on the integrex i-200. Sigga technologies, 2022, suggests that the ideal ratio of planned maintenance to breakdown maintenance is 80% planned and 20% breakdown. Renishaw currently operate on 10% planned and 90% breakdown. 
[bookmark: _Toc131327279]Frequency of Planned Maintenance 
The current frequency of planned maintenance is as follows:
· Monthly
· Six Monthly
· Yearly 
Although these three time categories covers the vast majority of jobs I still believe that adding a ‘weekly’ category will be beneficial. The weekly category will mainly consist of cleaning duties. These will include both cosmetic cleaning duties and practical cleaning duties. The coolant channels which run around the machine, taking used coolant from the conveyor back to the main tanks often get blocked with swarf resulting in a leak from the machine. Data from our coswin system shows that coolant leaks are the 2nd most common breakdown on the integrex i-200.
 Coswin is used as a data storage system, a ‘work orders’ is created by the engineer in which they fill out and allow you to view the time spent on the breakdown, any parts used during the breakdown, notes on what the engineer did to resolve the issue and the reasons why the breakdown occurred.
 Coswin shows that the most common reason for a leak is the blocked coolant channels. For an engineer to spend 30 minutes a week cleaning the coolant channels will be beneficial in reducing the number of leaks occurring with the integrex i-200 due to less time given for the swarf to build up. 
As well the engineer will concentrate on ensuring the coolant pH level is correct, between 7.5 and 9. If the coolant pH is out of tolerance the coolant will need to be drained and replaced. Coolant with the wrong pH levels will significantly reduce the life of the tool. Kip Hanson, 2019, says that the wrong pH level within a coolant system ‘leads to poor tool and machine life as well as problems with accuracy and part quality”.
[bookmark: _Toc131327280]A consideration of costs and resources required to implement proposed changes.

Looking at the changes that have been suggested in the previous sections. There are many costs and resources that need to be addressed. 
[bookmark: _Toc131327281]Training 
With my suggestion of implementing training. A dedicated employee will need to be hired to carry out the training duties. This will have a cost to Renishaw. According to Guest, 2023, there are many factors that need to consider when hiring a new employee the average cost for these factors, they are listed below: 
Recruitment - £3000 
Salary – £42,000 (Total jobs average salary, 2023) 
Bonuses - £1656 
National Insurance - £4,037
Pension - £420 
Training - £1,068 
Equipment - £4,800
Other Costs - £8,000 
These costs add to a total of £64,981. This is the estimated cost of hiring an employee to cover the training purposes suggested in the previous section. According to Coswin, the average cost of a breakdown in labour, parts and downtime is £891. Between the months of May 2020 and May 2021, the number of times integrex i-200 number one, machine code AL37/01, was recorded in a breakdown status was 176 times. 
£891 X 176 incidents = £156,816 average a year in breakdown costs per integrex i-200. 
£156,816 X 8 integrex i-200 = £1,254,528 a year in breakdown costs for all eight integrex i-200. 
If a dedicated training employee was to be hired and trained all engineers to a high standard which will allowed us to meet the goal of 80% planned and 20% breakdown (sigga, 2022), Hence cutting the cost of the breakdowns by 80% to £250,840 a year in parts, labour and downtime for all eight integrex i-200’s. With the cost of new employee added to the 80% planned figure, this comes out at £315,821, which is 20% of the initial yearly breakdown cost. When taken away from the original cost of breakdowns, this gives a figure of £938,707 saved per annum. The savings per annum heavily outweigh the initial hiring cost. 
[bookmark: _Toc131327282]Frequency of Planned Maintenance
With regards to the frequency of the planned maintenance, production will need to plan an extra 30 minutes a week to dedicate to planned maintenance. An Integrex i-200 will cost approximately £65 an hour when not operating. This halved is £32.5 per half an hour. Coswin shows that the average time to clean a leaking machine is 1.5 hours and that during the time period between May 2020 and May 2021 a minimum of one leak occurred on each machine. With the updated weekly maintenance implemented, a saving of one hour per week is made.  
[bookmark: _Toc131327283]Implications of Change Management 
George Lawton, 2021, explains that change management is “Change management is a systematic approach to dealing with the transition or transformation of an organization's goals, processes or technologies. The purpose of change management is to implement strategies for effecting change, controlling change, and helping people to adapt to change.”
Within the key factors of this change to the maintenance schedule, costs and communications: 
[bookmark: _Toc131327284]Schedule
A schedule will be written in collaboration with the production team, production will need to provide the maintenance team with an extra 30 minutes a week to carry out the planned work. 
[bookmark: _Toc131327285]Cost
A change in cost will occur, the cost will need to be calculated and justified to both production and maintenance. 
[bookmark: _Toc131327286]Communications 
Communication will need given to both production and maintenance. A month in advance, this will give time for the schedule to be illustrated. 


[bookmark: _Toc131327287]Conclusions and Recommendations 
In conclusion, I would recommend a full-time trainer to be employed by Renishaw. As mentioned, if the majority of the engineers are trained on the integrex i-200 more time will be dedicated to planned maintenance, reducing the frequency of breakdown maintenance, pushing Renishaw further towards to target of 80% planned and 20% breakdown maintenance. 
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