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[bookmark: _Toc130489299]1 - Introduction
This report will detail the current maintenance strategy in place for the Mazak Intergrex I200 machines based at Renishaw’s Miskin site. In total there are 8 of these machines which from part of the large turning strategy of Renishaw’s manufacturing services division (MSD). The machines currently have a monthly, 6 monthly and 12 monthly schedule which engineers of the plant maintenance team look after. 
The report with evaluate the effectiveness of this strategy on this machine type, and how this could be improved to better support the equipment. 


[bookmark: _Toc130489300]2 - Process description 
The Mazak Intergrex I200 are a mill/turn CNC machine. It has both the function to carryout milling and turning. It’s a 5-axis machine that has a tool changer, milling spindle, main and sub spindle, and a turret. These machines form part of the ‘large turning’ strategy of Renishaw. These machines are used to machine larger products that Renishaw sells. These machines are fitted with a bar loader and an outfeed conveyor to allow them to run 24 hours per day 7 days per week with minimal supervision. These machines have many ancillary equipment including: 
· Bar loader
· High pressure coolant pump and tank 
· Main and scraper conveyor for swarf management 
· Parts conveyor for fully machine components 
· Schunk parts/remnants unloaders 
· Main coolant tank including filters, oil skimmers and 5 coolant pumps 
· Absolent extraction system for coolant mist 
· Swarf skip 


[bookmark: _Toc130489301]3 - Current maintenance strategy 
The current maintenance strategy for these machines consists of planned maintenance at intervals of monthly, 6 monthly and 12 monthly schedules. Each plant maintenance engineer has machines assigned to them to look after. Each schedule has a list of components/assemblies that the assigned engineer must either inspect, replace, or report. These schedules can be seen in appendix 1 below. 
There are many good points about the schedule adopted, but there are issues, which doesn’t make this schedule efficient or as effective as it could be. The main failure of this schedule is how it’s scheduled, currently its time based, which means it doesn’t consider how much the machine has been running. With the current load on the machine class, some machines may not run all week as they are programming new products for these machines. This is a waste of resource and cost for an engineer to carryout a full monthly schedule when the machine hasn’t run a full month. The Mazak schedule is based on run hours which is far more efficient and accurate.
Recent failures of the Absolent extraction systems by Zurich, an external examiner, has shown that the checks required to carry out in the schedule are obsolete. A recent update for local exhaust ventilation guidance, (HSE, 2017) has changed testing requirements. This has not been updated on the Renishaw schedule which may be in breach of the COSHH regulations 2002, (Legistlation.gov, n.d.). The current schedule does however check some of he required checks by the LEV guidance. 
The schedule has not been updated since the machines were first brought into Renishaw in 2017. Overtime the requirements to maintain these machines would change as components wear. Renishaw use a CMMS for logging all schedules, and work orders for the machines. Analysing the breakdown data from here could impact the checks carried out on the schedule. This could greatly improve the meant time between failure and ultimately decrease the downtime from reactive maintenance. 
A recent report on the machines shows the deficiencies in the planned maintenance. When calculating the planned maintenance percentage, it shows that 96% of the downtime on this equipment is reactive maintenance, whilst only 4% of the time is spent on planned maintenance, as seen in appendix 4. 
A similar report, appendix 5, shows the amount of downtime incurred on these machines and how it is distributed. The top pie chart, downtime by defect, shows that over half of the total downtime is due to axis related faults, of which nearly all down time is due to alignment/adjustment faults. Drilling down further into the data shows that the cause for axis failures are due to misalignments, feedback unit faults and slideway faults. 
The Mazak schedule is based on running the equipment on an 8-hour shift 5 days per week, which is much fewer run hours than the machines at Renishaw run. The maintenance schedule used by Renishaw is also based on the same run hours, which is different to how many hours the machines run for. This mean that components and assemblies need to be checked or replace more frequently to match the number of hours the machines run. 
The Renishaw schedule does however cover all inspections and replacements that Mazak recommend. It also includes checks on safety critical components, these include the E stops and interlocks. 
The Renishaw schedule does carryout some basic condition monitoring of keys assemblies of the machine, most notably the spindle vibration analysis. This testing is done every month and data is uploaded to OMNITREND. Results are periodically reviewed, and actions puts in place to correct. Due to the type of finishes that are required for manufacturing, C1 in most cases, vibration in either of the spindle will cause scrap. Capturing this data monthly allows the senior engineers to visualise trends in vibration and implement any corrective actions before this causes any scrap and unplanned downtime. 
Along with vibration analysis, the noise readings and clamp force of the spindle are recorded. The noise readings are important as it aids Renishaw in complying with the Noise at Work regulations, (HSE, 2005). When the noise levels of the spindle are nearing or exceeds the maximum exposure limits, again the senior engineer can report on this and implement any corrective actions in a planned manner. The clamp force is similar, this checks for wear in the spindle drawbars. Once the force drops below a certain limit, the tooling can release from the spindle and smash the window, and cause bad surface finish on parts, increasing scrap. This is a health and safety risk of tooling coming loose, and a production issue, this can be limited by analysing the collected data and implementing any corrective actions. 
This approach of carrying out scheduled maintenance based on time has historically been used by Renishaw since the company started. When scheduled maintenance was brought in many years ago, manufacturing only worked Monday to Friday 8 hours a day. As production requirements increased and production went to work shifts, the schedules were never updated and reviewed to keep up. Ever since new equipment has been brought in and the same schedule strategy has been used. 
This approach has been chosen in the past due to other Mazak Intergrex I200s the company has had. The current schedule is based on the earlier model machine and hasn’t changed much. The planned maintenance schedule has been written once at the beginning and never reviewed. 


[bookmark: _Toc130489302]4 - Improvements to current strategy 

One major improvement that could be introduced to the maintenance strategy is run hour based planned maintenance. The machines already have a run hour counter including the number of cycles each assembly has done and the number of kilometres each axis has run. This data could be used to base each preventative maintenance task. If a machine has been sat idle for a while, then it will require less planned maintenance and save resource that can be used elsewhere. 
Capturing and reporting on data such as number of cycles and assembly has completed, and the number of kilometres each axis has completed, would allow us to predict the typical life span of the components. This would take time to collect that data but will be useful to predict future downtime and guide the stock requirements for each machine.  
Current maintenance schedules should be periodically reviewed based both on time, but any health and safety regulatory updates or changes should trigger a review of the maintenance schedule to ensure it is complied with. A control sheet should be developed for the issuing of the schedules, periodic review and updating of schedules. This would ensure that the schedules stay current and are updated and approved by an appropriate person. 
This strategy would fall under the reliability centred maintenance. An article written by (Caroline Eisner, 2022) describes the strategy. This type of program uses three types of strategies, predictive, preventative, and reactive. The idea behind RCM, is to assess each machine to understand the failure modes and categorise them in such a way to develop a schedule for the machine. This schedule would target assemblies within the equipment that would affect the quality, safety, and performance. Some equipment under this strategy would be run till failure. 
Data from the departmental reports can be used within RCM to develop a strategy to this equipment. Appendices 3 and 5 show the data that can be analysed from these machines. It clearly shows that most of the reactive downtime is incurred by axis related faults, of which the most common cause is due to misalignments, slideway faults or feedback unit faults. 
Another improvement that can be made to the schedule is better testing for LEV equipment fitted to the machines. These ideally need to be checked on run hours, which the extractors are fitted with hours counters. Due the number of LEV equipment on the site, estimated at over 100 units, these could be removed from the machine’s schedule and implement on their own. Testing of the extraction is done whilst the machine is running, safely, this would reduce the downtime whilst carrying our planned maintenance. Equipment needs to be bought in to carryout the appropriate tests to ensure compliance with LEV guidance and COSHH regulations. 
[bookmark: _Toc130489303]
5 - Cost and resource considerations 
Changing the strategy of maintaining the equipment from time based to run hour based planned maintenance wouldn’t necessarily have much direct cost to implementation. There would be some indirect costs such as impact to production when trialling strategy or implementing any additional equipment to capture run hours, number of cycles or kilometres travelled. 
The major consideration to implementing this would be resource. The time required to install new equipment and re write the schedules to reflect the change would be quite large. This could be managed by an existing senior engineer as part of a wider project to. Its estimated it would require 30% of the engineer’s time per week to implement this change. 
Consideration would be required to the resource model currently used for maintenance. Changing the planned maintenance to run hour based might require more technicians or engineers to complete if the machines are in high demand. When the machines are in low demand, the requirement for our resource levels might not be there. This could be difficult to manage if production levels are constantly fluctuating. This would have additional cost to increase our resource level. Ideally this changeover would need to be done to all machine classes to understand the resource level we would require. 
The initial cost of implementing an LEV schedule would be low, appendix 5 shows the quotes for the equipment required for the checks. There would be a small indirect cost which would include writing the schedule and implementing this to the CMMS which would also take some time. Again, resource levels may need to be increased to implement these checks depending on the time it would take to test. From the existing machine schedule, these checks could be removed and save resource. 
Managing the changeover from the current to strategy to reliability centred maintenance will need to be overcome. Getting the team onboard will involve getting their input to the change so that they understand why the change is being made, as explained in (APM, n.d.). This is important as the team will be the people applying this change. The organisation including teams that plant maintenance support with also need to understand why change is being made, and at higher level demonstrate how the change will benefit the company. This could be done by trialling this strategy on a small number of equipment and analyse the data afterwards. 

[bookmark: _Toc130489304]6 - Final recommendations 
Based on the finding from the report, the maintenance schedule for the Intergrex need to be updated to reflect the wear and age of the machine. These changes need to be based on data analysis of the breakdown data stored within the CMMS, to try and reduce the downtime from reactive maintenance. This would become one of the short-term goals.
Another improvement that needs to be considered and eventually implemented is run hour-based schedule. This might be difficult to implement initially due to resource management, however the machines need to be maintained based on the number of hours they run for. It’s wasted resource carrying out a full planned maintenance task if the machine has hardly run during that time, whilst other machines running 24/7 don’t get maintained enough. 
The long-term goal is to implement the reliability centred maintenance strategy across the plant, to eventually reduce running costs, increase efficiency and equipment availability.  
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Clean the lube oil filler strainer

Clean the hydraulic oil filler strainer

Clean the chiller oil filler strainer.

Grease both sets of the magazine shifter linear rails.

Grease the ATC door mechanism.

Replace the B axis gearbox oil with Mobil SHC629 Morris (Lodexol FS150) to the sight glass.
Replace the Coolant.

Check all moving hoses for signs of wear.

Check the main conveyor chain tension and adjust if needed.

Check for air leaks around the machine.

Check the machine for hydraulic oil leaks.

Pull back the machine bed covers and remove swarf/ Coolant build up.

Check the condition of all machine contactors.

Inform the supervision team that the tool shanks are due to be cleaned with scotchbrite or fine
wet and dry paper.

Check the condition of the lower turret drive belt.

Check the condition of the ATC magazine grippers.

Check the condition of the rotary parts table brushes and replace where necessary.

Apply grease the the X1 and Z1 way cover pantographs(scissors) and check for wear to the
bushes.

12 Monthly, S5PM05 1man 3hours

OCRNOAHWN =

Clean out the lube oil tank and replace the oil. 1.8L

Clean out the hydraulic oil tank and replace the oil. 30L

Replace the hydraulic oil filter.

Clean out the chiller oil tank and replace the oil. 45L

Replace the air input filter.

Remove the coolant tank and steam clean.

Check the Barfeed alignment.

Clean out all oil/coolant drains and wipe off all rails behind guarding.

Replace all backup batteries every years. MRJ2 and the relocation detector included. MDS-
BTBOX-36 (LR20 20ff)
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2. Weekly or 60 hours inspection

Item Refer to

Cleaning the chucking cylinder (hollow type)

Checking the oil level of the oil bath for B-axis lubrication

Checking the ATC unit lubricating oil level

Cleaning the oil pan of the ATC unit and the oil pan in the magazine lower part

Cleaning the chip conveyor

Cleaning the line filter of the through-spindle cooling system

Checking the emergency stop button function

Cleaning the front door

3. Monthly or 250 hours inspection

Checking the tool clamping force

Greasing the mill spindle clamp unit (HSK specification)
(every 36000 times of tool clamp operation)

Cleaning the air filter of the chiller unit

Cleaning the air filters (amplifier cooling air intake port) in the electrical control cabinet

4. 6-month (semi-annual) or 1500 hours inspection

Item Refer to

Checking the safety device function 3-3

Checking the through-spindle coolant system (rotary joint and check valve) 4-3-3

Greasing the tailstock ball screw and linear guide 4-4-4

Replacing and cleaning the hydraulic oil for hydraulic unit and strainer 4-8-4

Replacing and cleaning the coolant 4-11-3, 4-11-4

Checking the wiper for every slideway surface and horse for movable part —

Cleaning the water removal filter (20000 min~' specification)
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5. Annual or every 3000 hours inspection

Checking the mill spindle clamp unit (HSK specification)
(every 500000 times of tool clamp operation)

Change the lubricating oil for the B-axis (oil bath)

Changing the lubricating oil for the ATC unit

Changing oils of the chiller unit (6 months for the first oil change)

Replacing the line filter element in the hydraulic cylinder circuit

Cleaning the suction filter and oil filler port filter of the centralized lubrication unit

Replacing the mist-separator element

Checking for a grounding resistance of 10 Q or less
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Sum of Downtime by Cause Description
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AL37 Mazak Integrex i200 Planned Maintenance Schedule.
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Check the condition of all slide cover wiper strips and clean out any swarf ingress.
Check all covers for damage

lean out all swarf from the tool change area including the ATC door shuts.

lean swarf from the ATC grippers in the magazine and the swing arm.

ubricate the Capto spindle with Mazak metalube spray located on stock YAM/FJV/155/S.
heck the operation of the machine E stops.

heck the clamp force of the Capto spindle. Readings should be between 3300-3600 kg.
ackup all machine parameters including S.RAM and the alarm history.

lean the CNC and chiller air filters.

heck the operation of all machine door interlocks.

lean any swarf build up from behind the Turret axis and the A axis (spindle 2).

heck the level and top up if needed the Air inlet lubricator (HV32 or 10).

heck or replace the high pressure coolant filter.

heck and clean both worklight lenses.

arry out a full set of spindle Vibration readings and download the route to Omnitrend.
lean the parts conveyor belt and remove swarf.
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. Remove and clean out the ATC oil collector pan.

. Check the condition of the swarf conveyor drum mesh and spray bar pressure.

. Check the operation of all of the level switches on the coolant system.

. Check the oil level in the ATC and B axis gearboxes.

. Remove any swarf bundles from the swarf conveyor drum mesh area.

. Check the condition or all axes audibly for bearing noise and investigate where required.
. Suck out the oil from the skimmer and refill the with fresh coolant.

. Clean the magazine lower areas.

. Remove swarf from the door runners.

. Check the condition of the barfeed lid gas struts

Extraction systems

Check the condition of all ducting for damage and blockages.

Check ducting intakes are clear.

Check that the filters are within the specified values on the pressure gauges.

Check that any relevant loss or pressure switches are operational and set to the correct
values.

Where required replace or clean the filters to gain the correct gauge readings.

Check the equipment is within the six monthly LEV inspection period carried out by an
external assessor.
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