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Abstract
The AL43 machines have had repeated breakdowns over the last year. This has caused regular stoppages for production and has also added more reactive work for maintenance. I chose this as my Six Sigma project because it is an issue I see in work and the SyteLine history gave enough data to review the problem. The review covers AL43 breakdowns from the 1st of March 2025 to 28th of February 2026.
During the baseline period, 557 breakdowns were recorded across the six AL43 machines. The same records showed 1321.17 maintenance labour hours booked against breakdown activity. AL43/01 and AL43/02 were the highest contributors, while the defect coding and ticket descriptions pointed towards repeated tool handling, coolant, ATC and contamination-related faults.
The analysis showed that the strongest causes were contamination around the ATC and coolant systems, unstable sensor readings and hydraulic hose wear behind the OSP. The main improvement actions were coolant management changes, oil skimmers, auto top-up units, coolant filtration, ATC cleaning, hose support and critical spare review. Full long-term validation was not possible within the assignment timescale, so the project sets out a control plan to monitor downtime, repeat faults and MTTR after implementation.
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1.0 [bookmark: _Toc229423516]Introduction 
I work at the Renishaw Miskin site as a plant maintenance engineer. My day-to-day work includes reactive breakdowns, fault finding, repairs and planned maintenance on CNC and plant equipment. Because of that, I see directly what repeated machine faults do to both production and maintenance. This project is based on the AL43 Mazak Integrex i-200H S machine group, where breakdowns have been happening often enough to affect machine availability, increase reactive work and interrupt planned manufacturing.
The AL43 machines are still newer than the other machine groups on site. That means the fault history is shorter and the maintenance knowledge around them is still developing. For that reason, it gives a structured way of using the breakdown data to identify the main reliability problems and then link them to practical maintenance improvements.
This project uses the DMAIC methodology to examine the problem and improve reliability on the AL43 machine group (de Mast and Lokkerbol, 2012). The main aim is to reduce unplanned downtime, cut repeat faults and improve how the machines are supported through maintenance. If successful, the project should help improve run time, reduce reactive pressure on the maintenance team and provide a clearer basis for controlling reliability on the AL43 machines going forward.
[bookmark: _Toc229423517]2.0 Define
[bookmark: _Toc229423518]2.1 Problem Statement
The AL43 Mazak Integrex machine group has been experiencing repeated unplanned breakdowns at the Miskin site. SyteLine records show that the issue is spread across the machine set rather than being limited to one machine or a small number of isolated faults. This has reduced machine availability, increased reactive maintenance demand and made it harder to maintain stable production output. Reducing recurring downtime and improving reliability on the AL43 machine group was therefore selected as the focus of this Six Sigma Green Belt project.
[bookmark: _Toc229423519]2.2 Business Case
Recurring breakdowns on the AL43 Mazak Integrex machine group creates a business issue as reduced machine availability limits productive machining time and lowers output from the machines. This affects manufacturing performance by reducing capacity and increasing the cost of reactive maintenance, replacement parts and supplier lead times.
When AL43 machines are unavailable, production orders may be delayed or moved to other machines for higher priority work where possible. This increases job backlog whilst making production less stable across the machine shop. The issue also increases pressure on maintenance as the AL43 machine group is treated as high priority and breakdowns often require immediate response to return the machines to production quickly.
High levels of reactive work also reduce the time available for planned maintenance, improvement activity and support of other machine groups. Repeat callouts make this worse by reducing maintenance resource. Where critical parts are not readily available, downtime can be extended further by supplier lead times, this creates a greater risk of rushed repairs, incomplete fault elimination and repeat breakdowns (Wakiru et al., 2019).
[bookmark: _Toc229423520]2.3 Project Scope 
This project focuses on the AL43 Mazak Integrex i-200H S machine group at Renishaw Miskin. The group consists of six machines fitted with a RoboJob stacker and robotic arm. The scope is limited to this machine group and is aimed at reducing unplanned downtime and improving machine reliability. The main evidence used in the project comes from historical breakdown data from Syteline and failure review through FMECA. The project considers both the breakdown response process and the main controls that affect downtime, including planned maintenance and critical spare availability.
Major machine redesigns and full rebuilds are outside the scope of this project. The project also does not claim fully proven post implementation results, as some improvement actions would need a longer review period before any reduction in downtime could be confirmed. The historical records are still useful for identifying repeat faults and general trends, but some inconsistency in ticket coding and fault descriptions is recognised as a limitation. The findings could also support review of similar AL43 machines at Renishaw Stonehouse, but this project is based on the Miskin machine group only.
[bookmark: _Toc229423521]2.4 VOC to CTQ
For this project, the voice of the customer was obtained from the main internal stakeholders affected by downtime on the AL43 machines. These included operators, production staff, planning and maintenance. Their main concerns are that the machines are available when needed, breakdowns are dealt with properly, and production can continue without repeated disruption. From a maintenance perspective, there is a need to reduce repeat callouts and improve how faults are identified and managed.
These stakeholder needs were then translated into critical to quality requirements so the project can focus on measurable improvements (Lean 6 Sigma Hub, 2025). For the AL43 machine group, the main CTQs are machine availability, repeat breakdown frequency, mean time between failures and mean time to repair (see table 1). These were chosen because they reflect the main problems raised by the people who rely on the machines and can be tracked using the available Syteline and Power BI data.
[bookmark: _Toc229423506]Table 1 - VOC to CTQ table
	Stakeholder
	VOC
	CTQ
	Metric
	Data source

	Operators
	Machines need to be available when needed
	Machine availability
	Availability %
	Power BI

	Operators
	Breakdowns need to be dealt with properly
	Mean time to repair
	MTTR
	Power BI / Syteline

	Production staff
	Production should continue without repeated disruption
	Repeat breakdown frequency
	Number of repeat breakdowns
	Syteline

	Planning
	Machine uptime needs to be more predictable
	Mean time between failures
	MTBF
	Power BI

	Maintenance
	Repeat callouts need to be reduced
	Repeat breakdown frequency
	Number of repeat breakdowns
	Syteline

	Maintenance
	Faults need to be identified and managed better
	Mean time to repair
	MTTR
	Power BI / Syteline



[bookmark: _Toc229423522]2.5 SIPOC and Process mapping
SIPOC and a process map were used to define the current breakdown response process for the AL43 machine group (see table 2 & fig 1). SIPOC is used in the Define phase to identify the main suppliers, inputs, process steps, outputs and customers linked to the process being studied (Sharma et al., 2019). A current-state process map was then used to show how the breakdown process works from machine stoppage through to return to production. This was the most relevant process to map because the project is focused on downtime and reliability within an existing maintenance process rather than the full machining route. Although the current-state process map focuses on the breakdown response process, the wider project scope also includes the main controls that affect downtime and reliability, including planned maintenance and spare part readiness.
[bookmark: _Toc229423507]Table 2 - SIPOC table
	Suppliers
	Inputs
	Process
	Outputs
	Customers

	Operator
	Machine fault / machine stops
	Operator identifies machine stoppage
	Breakdown is recognised
	Maintenance

	Operator
	Seiki terminal
	Operator books machine on to maintenance via Seiki
	Breakdown is logged and visible to maintenance
	Maintenance

	Shift maintenance engineer / shift lead
	Syteline booking screen, engineer availability
	Job is assigned or picked up by maintenance
	Engineer attends machine
	Production

	Maintenance engineer
	Fault information, machine access, tools, manuals
	Engineer diagnoses fault and begins repair
	Fault cause is identified and repair work starts
	Production

	Maintenance stores / suppliers
	Replacement part or component, Syteline stock check
	Worn or failed part is replaced if required
	Machine repair can continue
	Production

	Stores / external supplier
	Part availability, purchase order, lead time
	Part is ordered if no stock is available
	Repair is delayed until part arrives
	Maintenance / Production

	Maintenance engineer
	Completed repair, machine status
	Machine is run on test
	Repair is confirmed or further work is needed
	Production

	Maintenance engineer / operator
	Seiki terminal, repaired machine
	Machine is booked off and handed back to production
	Machine returned to production
	Operators / Production

	Maintenance engineer
	Job notes, downtime details
	Syteline ticket is completed
	Maintenance record and downtime history updated
	Maintenance / Planning
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[bookmark: _Toc229423493]Figure 1 - Process map diagram
The SIPOC and current-state process map defined the breakdown response process and set a clear boundary for the project from machine stoppage through to return to production. The process map also showed the main handover points between operator, maintenance, stores and production. The main sources of delay were identified as waiting for engineer attendance, fault diagnosis, parts availability and repeat testing or repair activity. These points are important because they help show where later analysis and improvement work should focus, particularly around fault coding, standard checks and spare part readiness.

[bookmark: _Toc229423523]2.6 Project Charter 
The project charter was used to bring the main Define phase information into one place and set a clear direction for the project (see table 3). The project charter is used to define the problem, set the project target and identify the main project details before later DMAIC phases begin (Muralidharan, 2015). The charter focused on the recurring unplanned downtime affecting the AL43 machines, the main project goal is to reduce unplanned downtime within the AL43 group over the defined project period, while also improving machine reliability and reducing repeat breakdowns. The primary metric is total unplanned downtime hours as this is the clearest measure of the current problem and the most direct indicator of improvement. Supporting metrics include machine availability, mean time between failures, mean time to repair and repeat breakdown frequency. The charter also identifies the key stakeholders, expected benefits, project timescale and the main risks that may affect progress, including data quality, part lead times and the limited time available to validate long term improvements.



[bookmark: _Toc229423508]Table 3 - Project charter table
	AL43 Project Charter

	Charter item
	Project detail

	Project title
	Reducing CNC Downtime and Improving Reliability on the AL43 Mazak Integrex Machine Group

	Prepared by
	Connor Griffiths

	Project location
	Renishaw Miskin, AL43 Mazak Integrex i-200H S machine group, 6 machines with RoboJob automation

	Business case
	Recurring AL43 breakdowns reduce available machining time, disrupt production schedules, increase reactive maintenance load and create extra cost through labour, replacement parts and supplier lead times.

	Problem statement summary
	The AL43 machine group is experiencing recurring unplanned breakdowns across the machine set. This reduces machine availability, disrupts planned output and increases repeat reactive maintenance.

	Goal statement
	Proposed goal: reduce total unplanned downtime hours on the AL43 machine group by 20% by 30 September 2026 against the agreed baseline period, while also improving reliability and reducing repeat breakdown activity.

	Primary metric (Y)
	Total unplanned downtime hours, AL43 machine group

	Supporting metrics
	Machine availability %, MTTR, repeat breakdown frequency

	Main deliverables
	Current-state baseline, prioritised downtime drivers, evidence-based improvement plan, updated FMECA, revised maintenance controls and control plan

	In scope
	AL43 breakdown response process and the main controls that affect downtime, including planned maintenance content, operator standard work and critical spare readiness.

	Out of scope
	Major machine redesigns, full rebuilds, large capital modifications, supplier-led engineering changes and fully validated post-implementation savings within the assignment timescale.




	Baseline period and data sources
	Historical Syteline breakdown records supported by Power BI maintenance KPI information and FMECA review. Final baseline window 1st March 2025 – 28th February 2026

	Team and stakeholders
	Project lead, Connor Griffiths. Key workplace stakeholders, maintenance engineers, shift lead, operators, production, planning, stores and area management / process owner.

	Planned DMAIC timeline
	Define, 01 Mar 2026 to 24 Mar 2026
Measure, 25 Mar 2026 to 12 Apr 2026
Analyse, 13 Apr 2026 to 20 Apr 2026
Improve, 21 Apr 2026 to 30 Apr 2026
Control, 01 May 2026 to 05 May 2026
Post-submission workplace review, May 2026 to Sep 2026 for operational validation where practical

	Assumptions and constraints
	Historical records are accurate enough to show broad trends and repeat issues, although ticket coding and fault descriptions may vary. Full validation of improvement benefits will need a longer review period than the assignment allows.

	Main risks
	Inconsistent ticket coding or missing detail in historical records
Long supplier lead times for critical parts
Limited time for implementation and post-implementation validation
Target may need refinement once the final baseline is locked

	Mitigations
	Use standard operational definitions and data cleaning rules in Measure
Review key downtime records with engineering judgement and FMECA
Prioritise practical low-capital actions first, such as PPM content, SOPs and spares planning
State clearly where benefits are projected rather than fully validated

	Expected benefits
	Reduction in unplanned downtime hours, improved availability and more predictable uptime, fewer repeat callouts, better use of maintenance time and stronger spare readiness. Quantified hours saved will be equivalent to 20% of the confirmed baseline downtime hours.

	Success criteria
	Primary metric trend moves down from baseline, no worsening of supporting metrics, practical improvement actions agreed and a control approach defined for the AL43 group.



3.0 [bookmark: _Toc229423524] Measure
3.1 [bookmark: _Toc229423525]Operational Definitions
Operational definitions of the measure phase were developed to provide consistency of data (Go Lean Six Sigma, 2012). Unplanned downtime was defined strictly as any unscheduled loss of production resulting from a fault requiring reactive maintenance and excluding planned maintenance or scheduling delays. The complete operational definitions of downtime, start/end times and breakdown events are included in Appendix A.
3.2 [bookmark: _Toc229423526]Data Collection Plan 
A data collection plan was prepared to define what data would be used in the Measure phase and how it would be handled consistently (Hessing, 2013). The project relies mainly on historical maintenance records, so the quality of that data has a direct effect on how reliable the baseline and later analysis will be. The main source of data used for this project is the SyteLine CMMS system, supported by Microsoft Power BI maintenance KPI data and FMECA review.
The main data used includes machine performance data, unplanned downtime records, planned maintenance activity and reactive maintenance activity (see table 4). Unplanned downtime is the focus because it is the clearest measure of the reliability issue being investigated. Planned maintenance data was also included so scheduled activity could be separated from actual breakdown-related downtime and to give better context to the overall maintenance workload. Other factors which could extend downtime, such as critical spare availability and supplier lead times, were also considered as part of the wider maintenance process.
The baseline period used for this project was 1st of March 2025 to 28th of February 2026. This gave a full 12-month view of AL43 performance under normal production conditions at Miskin. As the machines are still relatively new within the business, a recent operating period was more suitable than including earlier trial or commissioning activity.
The main data source was the SyteLine CMMS system, which contains breakdown ticket information such as machine identification, date raised, date assigned, date closed, task description, fault coding fields and labour booked. These fields also supported the calculation of MTTR and MTBF, with MTTR taken from date raised to date closed, and MTBF taken as the average time between breakdown events on the same machine. Seiki terminal data also formed part of the process, as operators used it to book machine statuses such as maintenance, awaiting maintenance and running on test, which then fed into SyteLine and supported the breakdown recording process.
[bookmark: _Toc229423509]Table 4 - Data collection plan table
	Data Collection Plan for AL43 Measure Phase

	Data field
	Definition
	Source
	Frequency
	Owner
	Quality checks

	Machine / Gauge ID
	Identifies which AL43 machine the record relates to
	SyteLine CMMS system
	Per event
	Maintenance
	Check naming is consistent across all records

	Task / ticket number
	Unique maintenance job reference for traceability
	SyteLine CMMS system
	Per event
	Maintenance system
	Check for duplicate records

	Date raised
	Date and time the breakdown or maintenance event was raised
	SyteLine CMMS system
	Per event
	Maintenance system
	Check date format and missing values

	Date assigned
	Date and time the task was assigned to maintenance
	SyteLine CMMS system
	Per event
	Maintenance system
	Check against raised and closed dates for logic

	Date closed
	Date and time the task was booked complete
	SyteLine CMMS system
	Per event
	Maintenance system
	Review for blanks, errors or abnormal durations

	Task description
	Free text description of the fault or job carried out
	SyteLine CMMS system
	Per event
	Maintenance engineer
	Review vague wording and group similar faults consistently

	Defect / cause / action fields
	Fault details, suspected cause and action taken
	SyteLine CMMS system
	Per event
	Maintenance engineer
	Compare similar records and standardise where needed

	Labour hours booked
	Maintenance labour booked against the event
	SyteLine CMMS system
	Per event
	Maintenance system
	Check for missing hours or obvious anomalies

	Machine status records
	Machine booking status such as maintenance, awaiting maintenance, running on test
	Seiki terminals / SyteLine
	Per event
	Operators / maintenance
	Check status flow matches the breakdown event

	Availability
	Monthly machine availability measure for the AL43 group
	Syteline
	Monthly
	Maintenance
	Cross check against downtime trend from SyteLine

	MTTR
	Mean time to repair for recorded maintenance events
	SyteLine
	Monthly
	Maintenance
	Check unusually high or low values against source records

	MTBF
	Mean time between failures for the AL43 group
	SyteLine
	Monthly
	Maintenance
	Check calculation period matches project baseline

	Planned maintenance activity
	Monthly, 6 monthly and 12 monthly PPM activity
	SyteLine / maintenance records
	By maintenance interval
	Maintenance
	Keep separate from unplanned maintenance records

	Unplanned downtime records
	Reactive breakdown events affecting production
	SyteLine CMMS system
	Per event
	Maintenance
	Exclude records not classed as breakdowns under the project rules

	Critical spares / lead time information
	Information on parts availability and supplier delay affecting repair time
	Maintenance records / stores / engineering review
	As required
	Maintenance / stores
	Use only where linked to actual downtime events



3.3 [bookmark: _Toc229423527]Measurement System Analysis
Measurement system analysis for this project focused on how AL43 breakdown data is created, recorded and then used for analysis. In this case, the measurement system was not a physical gauge. It was the process of operators booking machine status through Seiki and maintenance recording the event in SyteLine (More Steam, 2025). This meant data quality had a direct effect on the baseline and later findings.
The main measurement risks were linked to how breakdowns were classified and recorded. Defect, cause and action fields in SyteLine are selected from drop down lists, which gives some structure, but the final quality of the record still depends on the person choosing the most suitable category. This created a risk that similar failures could be recorded differently. A clear example on the AL43 machines was the earlier lack of an ATC defect category, which meant some ATC faults had historically been booked under tool loading or work handling instead.
The booking route itself was generally consistent. Operators use Seiki to raise the initial breakdown and the information then feeds into SyteLine. There were occasional cases where Seiki was unavailable, but those events were entered manually as soon as possible. A formal Gage R&R study was not suitable because the project data was breakdown information rather than continuous measurement from a physical instrument. Instead, the measurement system was reviewed through record checking, coding consistency and date logic checks across the dataset.
Based on this review, the AL43 maintenance data was considered fit for purpose for baseline trending, Pareto analysis and repeat fault review. It was not treated as a perfect record, and some limitations remained around coding consistency, category accuracy and free text quality. These were controlled through operational definitions (Appendix A), consistent cleaning rules and engineering judgement where records were vague or coded under a less suitable category.
3.4 [bookmark: _Toc229423528]Baseline Performance
Baseline performance was reviewed using AL43 breakdown records from 1st of March 2025 to 28th of February 2026. During this period 557 breakdowns were recorded across the six AL43 machines. This is an average of 46.4 breakdowns per month, or 10.7 breakdowns per week, showing that the issue was a regular demand on both production and maintenance rather than a small number of isolated failures.
When the breakdowns were split by machine, AL43/02 and AL43/01 were the highest contributors with 129 and 121 breakdown events. Together they accounted for 44.9% of the total baseline breakdown count. AL43/03, AL43/06 and AL43/05 were also at a broadly similar level with 89, 84 and 81 events, while AL43/04 was the lowest at 53. This showed that the problem affected the full machine group, although some machines contributed more heavily than others.
The monthly trend was uneven. April 2025 was the lowest month with 33 breakdowns, while August and September rose to 62 and 63 and December also remained high at 56. The second half of the baseline period recorded 316 breakdowns compared with 241 in the first half, this suggests that the problem was not reducing over time (see fig 2).
The maintenance burden was also high. Across the same period, 1321.17 labour hours were booked against AL43 breakdown records. AL43/01 had the highest booked labour at 288.90 hours, followed by AL43/02 at 243.05 hours. MTTR was also reviewed from the same SyteLine dataset. Using date raised to date closed as the repair window, 73 AL43 breakdown tickets exceeded 24 hours and 45 exceeded 168 hours, showing that some failures were being prolonged by slower recovery and part-related delay.
Defect coding gave some direction, with Tool Handling and Fluid as the highest recorded defect groups at 105 and 104 events. Free text descriptions also contained repeated references to coolant, ATC and swarf, pointing towards recurring tooling, contamination and coolant related issues.

[bookmark: _Toc229423494]Figure 2 - AL43 breakdown count

[bookmark: _Toc229423495]Figure 3 - AL43 Breakdown count pareto
3.5 [bookmark: _Toc229423529]Performance Against Target
The charter target is based on reducing unplanned downtime hours by 20%. However, the available SyteLine data gave the most consistent comparison through breakdown event count. Breakdown frequency was therefore used as a supporting proxy measure for current performance. This does not replace downtime hours as the primary metric, but it provides a consistent way to check whether the machine group is moving towards improved reliability.
Based on the baseline of 557 breakdowns, a 20% reduction would bring the yearly total down to about 446 breakdowns. This works out at roughly 37 breakdowns per month. When the monthly figures were checked against this, only April 2025 and July 2025 were at or below the target level. The other months were all above it. The monthly results also ranged from 33 to 63 breakdowns, so the AL43 group was not only above the target for most of the year, but also inconsistent month to month.
In this project, the process capability is evaluated based on the ability of the current baseline to consistently uphold the 20% improvement target. Based on this criteria the AL43 machine group shows insufficient process capability in its current state to meet the reliability targets.
[bookmark: _Toc229423530]4.0 Analyse
[bookmark: _Toc229423531]4.1 Exploratory Data Analysis
Exploratory data analysis was used to examine how the baseline breakdowns were distributed across the AL43 machine group and to identify the main patterns in the data. For this project, the most useful categorisation was by month, by machine and by recorded defect category. More detailed analysis by shift or operator was excluded at this stage, as this information was not recorded consistently enough within the historical dataset.
The monthly trend showed that breakdown activity was not stable across the baseline period. Lower breakdown frequencies were seen in the earlier months, then rising later in the year, with August and September 2025 recording 62 and 63 events. December 2025 also remained high at 56. This suggested that the problem was not reducing over time and that repeat issues were still active within the machine group.
Analysis by machine showed that AL43/02 and AL43/01 were the biggest contributors, together accounting for 44.9% of all recorded breakdowns (Juran et al., 1998). This made those machines the main priority for further investigation, although the remaining machines still showed enough breakdown activity to confirm that the issue affected the whole machine group.
Recorded defect categories gave some direction, but they had to be treated carefully due to known coding variation. Tool Handling and Fluid were the highest defect groups at 105 and 104 events as shown in fig 4. Free text descriptions also showed repeated references to coolant, ATC and swarf. Taken together, this suggested that the breakdown history was being driven more by recurring tooling and coolant related issues than by one isolated failure type.
The exploratory analysis showed that the AL43 breakdown pattern was not random. The variation was clustered by time, concentrated more heavily on certain machines and pointed towards repeated tooling and fluid related issues.

[bookmark: _Toc229423496]Figure 4 - Defect category bar chart
[bookmark: _Toc229423532]4.2 Sources of Variation
The analysis showed that variation in AL43 breakdown performance was not evenly distributed across the machine group. The highest breakdown counts were recorded on AL43/02 and AL43/01, which suggests that machine specific condition was one of the main drivers behind the overall pattern rather than the issue being spread equally across all six machines.
Recorded defect categories also pointed towards repeated failure themes. Tool Handling and Fluid were the highest defect groups, which suggests that tooling systems, coolant condition and contamination were likely to be important drivers of variation. This matched the repeated references to coolant, ATC and swarf seen in the free text descriptions and gave a stronger indication that recurring tooling and coolant related issues were behind a large share of the breakdown history.
Variation in downtime was also likely to have been affected by factors outside the immediate fault itself. Spare part availability, supplier lead times and the time taken to diagnose a fault could all extend breakdown duration even where the failure type was similar. This means that the same type of breakdown may not always result in the same production loss.
Another source of variation came from the way breakdowns were recorded. Differences in fault description and category selection could affect how clearly repeat issues appeared in the historical data. Although later review reduced some of this variation, it remained a limitation in the dataset.
At this stage, the main suspected drivers were machine specific condition, recurring tooling and coolant related issues, spare part and lead time effects, and variation in fault recording. These gave the clearest direction for the root cause analysis in the next section.

[bookmark: _Toc229423533]4.3 Root Cause Analysis
Root cause analysis was used to investigate why downtime was recurring on the AL43 machine group. A fishbone diagram was produced around recurring ATC related downtime, as this was the strongest theme through the SyteLine tickets, defect coding and FMECA (Rodriguez, 2020).
The first 5 Whys review looked at repeated ATC stoppages (see table 5). Ticket history showed recurring ATC alarms and recovery faults, and one closure note recorded swarf being removed from the ATC area before recovery. This pointed away from the issue being just a one-off sequence fault. The more likely cause was contamination build-up in the ATC area. Coolant, tramp oil and swarf were able to collect around a mechanism that depends on multiple sensors. That made sensor obstruction and false readings a more credible cause of repeat stoppages.
[image: ]
[bookmark: _Toc229423497]Figure 5 - ATC sensor location exposed to swarf and coolant contamination
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[bookmark: _Toc229423498]Figure 6 - Example SyteLine ticket showing ATC alarm on AL43 machine group
The second 5 Whys review focused on the hydraulic hose behind the OSP. Ticket evidence showed repeat oil leaks, and a later ticket linked a split hose at the back of the OSP to a drained hydraulic tank and interrupted tool change. The cause was traced to the hose position behind the OSP, where tight clearance and constant movement allowed chafe and wear over time. Once failed, oil could spill onto the floor and enter the conveyor, adding to the wider contamination issue.
Coolant related faults were reviewed alongside this as a linked cause. Repeated low coolant and coolant level alarms showed that clearing the fault often involved cleaning or adjusting tank sensors. That suggested contamination and unstable sensor readings were part of the problem rather than coolant volume alone. Overall, the main confirmed causes were contamination affecting the ATC and coolant sensing system, and hose wear behind the OSP caused by movement and poor clearance. Training was treated as a contributing factor rather than a confirmed root cause. This matched the FMECA where hydraulic leak from the OSP had the highest RPN at 384, coolant related modes were rated at 280, and ATC sensor obstruction and sensor mis-read were rated at 216 and 210.
[image: ]
[bookmark: _Toc229423499]Figure 7 - Coolant contamination on AL43 machine
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[bookmark: _Toc229423500]Figure 8 - Example SyteLine ticket showing coolant level alarm
[image: ][bookmark: _Toc229423501]Figure 9 - ATC downtime fishbone diagram



[bookmark: _Toc229423510]Table 5 - ATC downtime 5 whys table
	5 Whys Analysis for Recurring ATC-Related Downtime

	Level
	Question
	Finding
	Evidence / notes

	Problem
	What is happening?
	Recurring ATC-related downtime on the AL43 machine group
	Repeated ATC faults in SyteLine tickets and high tool handling defect count

	Why 1
	Why is the ATC stopping?
	The ATC is entering alarm and recovery conditions
	Tickets include ATC carrier alarm, ATC arm alarm, ATC arm out of position and ATC cycle time over

	Why 2
	Why is the ATC entering alarm?
	Sensors and moving parts in the ATC area are becoming obstructed
	Closure notes show swarf removed from ATC area before recovery

	Why 3
	Why are the sensors becoming obstructed?
	Coolant, tramp oil and swarf are building up around the ATC mechanism
	Visible contamination in the ATC area and linked coolant contamination evidence

	Why 4
	Why does that contamination affect operation?
	The ATC relies on multiple sensors, position checks and accurate alignment
	Complex ATC mechanism is sensitive to contamination and false sensing

	Why 5
	Why was build-up not prevented consistently?
	Earlier controls were not enough to stop contamination build-up in the ATC area
	Later controls introduced included steam cleaning, coolant change, filtration, skimmer and auto top-up

	Root cause
	What is the main root cause?
	Contamination build-up in the ATC area causing sensor obstruction and false readings
	Supported by tickets, photos and FMECA



[bookmark: _Toc229423534]5. Improve

[bookmark: _Toc229423535]5.1 Improvement Alternatives
Improvement alternatives were generated from the root cause analysis and focused on reducing recurring downtime on the AL43 machine group. The options were grouped into equipment, process and people related improvements so that both the direct fault causes and wider contributing factors could be addressed.
One group of alternatives focused on coolant condition and contamination control. The main options were changing the coolant type, fitting oil skimmers, installing an auto top-up unit, introducing coolant filtration and adding regular ATC steam cleaning into the maintenance routine. These actions were intended to reduce contamination build-up, improve coolant condition and lower the risk of false sensor readings or obstruction within the ATC area.
A second group of alternatives focused on the hydraulic hose behind the OSP. Improvement options included fitting a support bracket to control hose movement, reviewing hose routing in the affected area, introducing hydraulic oil particle checks during PPM, and using Pirtek for planned hose inspection and replacement. These actions were intended to reduce repeat hose failure, prevent oil loss and limit secondary effects such as contamination and health and safety risk.
Further alternatives focused on maintenance process and recovery controls. These included improving ATC inspection points within PPM, strengthening fault coding for ATC related stoppages, and introducing clearer cleaning and checking standards around contamination-prone areas. Limited specialist knowledge on the Integrex i-200H S ATC was also identified as a contributing factor, so further ATC and alignment training was treated as an improvement option. A critical spares list was also developed to reduce repair delay on repeat failure items and improve MTTR where parts availability had previously extended downtime.
[image: ][bookmark: _Toc229423511]Table 6 - Improvement decision matrix


[bookmark: _Toc229423536]5.2 Updated FMECA
An existing workplace FMECA for the AL43 machine group was updated using the findings from the Analyse phase so that the main failure modes and revised controls could be reassessed (see table 7). To keep the review focused, only the three highest priority themes were carried forward into the updated table. [bookmark: _Toc229423512]Table 7 - Updated FMECA
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[bookmark: _Toc229423537]5.3 Implementation
A full long-term pilot was not possible within the assignment timescale, so implementation focused on practical low-capital actions that could be introduced on the AL43 machine group and monitored through normal maintenance activity. The main actions were a coolant change, oil skimmers, auto top-up units, coolant filtration, monthly ATC steam cleaning, a support bracket behind the OSP, hydraulic oil particle checks and Pirtek hose inspections. A critical spares list was also developed for repeat failure items. Consistency was controlled by linking these actions to existing maintenance routines rather than treating them as one-off fixes.
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[bookmark: _Toc229423502]Figure 10 - Hydraulic hose behind AL43 OSP with bracket fitted
[image: ]
[bookmark: _Toc229423503]Figure 11 - Oil skimmer fitted to AL43 coolant tank to reduce tramp oil contamination
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[bookmark: _Toc229423504]Figure 12 - Auto coolant top-up unit fitted to support stable coolant concentration
[image: ]
[bookmark: _Toc229423505]Figure 13 - Cardev coolant filtration unit used to remove contamination from AL43 coolant system

[bookmark: _Toc229423538]5.4 Validation of Improvement
Full long-term validation was not possible within the assignment timescale, so validation focused on implementation evidence and the strength of the link between the confirmed causes and the controls introduced. This was considered the most realistic approach, as several of the actions require a longer operating period before their full effect on downtime can be measured confidently.
The selected actions were considered valid because they were introduced directly in response to the confirmed causes from the Analyse phase. Coolant controls targeted contamination and unstable sensing, the hose bracket and inspection changes targeted repeat hose wear behind the OSP, and the critical spares list was intended to reduce avoidable repair delay. The improvements were judged suitable for implementation, with validation requiring continued monitoring of downtime, repeat faults and MTTR over a longer review period.
[bookmark: _Toc229423539]5.5 Cost Benefit Analysis
The selected improvement actions were considered favourable from a cost benefit perspective because most were low capital controls aimed at high priority failure modes. The main costs were linked to coolant management equipment, added maintenance checks, hose support hardware and the time needed to introduce the actions consistently across the AL43 machines. Several of the controls were practical to implement through normal maintenance activity rather than requiring major machine redesign. For example, the support bracket fitted behind the OSP was made in house. Based on an estimated 6 hours to make and install each bracket, the labour cost is about £97 per machine, or about £584 across the six-machine group.
The expected benefits were linked directly to the confirmed causes from the Analyse phase. The coolant controls were intended to reduce tramp oil, improve coolant condition and lower the risk of unstable sensor readings and ATC contamination. This was supported by the supplier specification for the auto top-up unit which states that it "maintains fluid level and stabilises coolant concentration", and the filtration unit description states that it "removes particle contamination and can also skim tramp oil from the sump surface" (ETL Fluid Experts Ltd, 2025). Hose support and inspection controls were expected to reduce repeat leaks, avoid oil loss and lower the risk of secondary contamination and health and safety issues. The critical spares list was also expected to improve MTTR by reducing avoidable repair delay on repeat failure items where parts lead time had previously extended downtime.
A full financial payback calculation was not included due to confidentiality and the limited post-implementation period available at the time of submission. However, the improvements were still considered justified as the baseline data already showed 1321.17 maintenance labour hours booked against AL43 breakdown records. Using an indicative labour rate of £27.17 per hour, this is equivalent to about £35,896 of maintenance labour over the baseline period alone. Therefore, the selected actions were considered for reducing downtime hours, improving MTTR, lowering reactive maintenance demand and reducing repeat callouts.
[bookmark: _Toc229423540]6. Control
[bookmark: _Toc229423541]6.1 Control Plan 
[image: ]A control plan was developed to sustain the improvements introduced on the AL43 machines and reduce the risk of the same faults returning (see table 8). The focus was placed on the key measures most closely linked to the project aims and confirmed causes, namely downtime performance, MTTR, repeat faults, coolant condition, hose condition and ATC contamination control. To keep the plan practical, the controls were linked to existing maintenance routines, review points and ownership within the maintenance team.


[bookmark: _Toc229423513]Table 8 - Control plan table

[bookmark: _Toc229423542]6.2 Monitoring 
The main measure proposed for ongoing monitoring is weekly unplanned downtime hours for the AL43 machine group, as this remains the primary project metric and the clearest indicator of whether reliability is improving. Short term, a run chart would be the most suitable starting point, as it would allow the weekly downtime trend to be reviewed without forcing statistical assumptions onto a limited post-improvement dataset. Once a longer and more stable period of data becomes available, this could be developed into a control chart so that normal process variation can be separated from unusual or special cause variation.
MTTR should also be reviewed as a supporting maintenance measure, but monthly rather than weekly. This would help show whether the controls introduced around critical spares, hose inspection and fault recovery are reducing repair duration over time. Repeat breakdown frequency should also continue to be reviewed alongside the main chart, particularly for ATC related stoppages, coolant faults and the hydraulic hose issue behind the OSP.
For this project, an out-of-control condition would mean a deterioration from the expected post-improvement trend such as repeated weekly downtime increases, recurring long-duration breakdowns or repeat faults returning in the same areas. If this occurs, the response should be to review the related breakdown records, confirm whether the planned controls were completed, and decide whether further corrective action, retraining or changes to PPM content are required. This would keep the monitoring approach practical and linked directly to the controls introduced through the project.
[bookmark: _Toc229423543]6.3 Sustaining Improvements
Sustaining the improvements will depend on making the new controls part of normal maintenance activity rather than treating them as one-off actions. For the AL43 machine group, the main contamination, inspection and hose-related checks have been built into the monthly PPM so that they are repeated consistently and not dependent on individual memory or informal handover. This includes ATC steam cleaning, coolant system checks, skimmer and auto top-up checks, coolant filtration review, hydraulic hose inspection behind the OSP and hydraulic oil particle checks.
The sustainability of the improvements also depends on clear ownership. Routine PPM controls should remain with the maintenance engineers and shift leads, while coolant condition checks continue to be supported through the normal coolant and oil’s role. Annual Pirtek hose inspections provide an additional external check across the wider CNC machines at Miskin and strengthen longer-term hose condition monitoring. Clearer fault coding for ATC related issues should also help sustain the project gains by making repeat problems easier to identify and review in future.
Training remains an important supporting factor. Although not all formal training evidence was available at the time of submission, the project has shown that specialist ATC knowledge needs to be developed more widely so that recovery, alignment and diagnosis are less dependent on a small number of engineers. The critical spares list (see appendix B) prepared during the project should also be taken forward as this offers a practical route to improving MTTR once quotation and stock decisions are completed. These actions provide a more structured basis for sustaining the improvements beyond the assignment period.
[bookmark: _Toc229423544]7. Conclusion
This project was based on the AL43 Mazak Integrex machines at Renishaw Miskin where recurring breakdowns had become a regular occurrence. A review of the baseline data found that there were 557 breakdowns across the six machines between 1st of March 2025 and 28th of February 2026. The same data also indicated that 1321.17 labour hours booked against AL43 breakdowns and a high number of long repairs. This proved that the problem affected both machine output and maintenance resource. 
The analysis identified recurring ATC related downtime as the main theme, with coolant contamination, unstable sensing and hose wear behind the OSP emerging as the strongest confirmed causes. In response, the project proposed and supported practical improvements including coolant management changes, ATC cleaning within PPM, hose support and inspection controls, and the development of a critical spares list. These actions were low-capital and directly linked to the confirmed causes found in the Analyse phase.
A full post-implementation validation was not possible within the assignment timescale, so the project does not claim proven long-term downtime reduction at this stage. Instead, its main value is in establishing a data-based understanding of the problem, identifying the most important failure themes, and setting out practical controls to reduce recurrence and improve MTTR over a longer review period. Continued monitoring of downtime, repeat faults and MTTR will be needed to confirm the full impact of the improvements.
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[bookmark: _Toc229423547]Appendix A – Operational Definitions
To ensure that the Measure phase used consistent data, operational definitions were set before the baseline was finalised. This was important because the project relies on historical SyteLine breakdown records supported by Power BI maintenance KPI data, and these records can contain variation in ticket wording, fault descriptions and booking practice. Clear operational definitions were therefore required so that downtime events were counted on the same basis throughout the analysis.
For this project, unplanned downtime is defined as any unscheduled loss of production time on an AL43 machine caused by a breakdown, fault, trip, malfunction or maintenance issue that prevents the machine from running as intended and requires reactive intervention. This includes electrical, mechanical, control, automation and ancillary equipment faults where the event stops production or makes the machine unavailable for normal operation. It does not include planned preventive maintenance, scheduled servicing, agreed engineering trials, machine improvement work, or downtime caused only by production scheduling, no operator, no job loaded, or other non-breakdown production reasons.
The downtime start time is defined as the point at which the machine becomes unavailable due to the fault and the breakdown is recognised by production or maintenance. In practice, this is taken from the recorded booking or event time in the available system record. Where the exact stop time is unclear, the earliest credible recorded time linked to the event is used so that the rule is applied consistently across the dataset.
The downtime end time is defined as the point at which the machine is returned to production use following repair, test and hand-back. In practice, this is taken as the time the maintenance event is booked off or otherwise recorded as complete. If the repair is completed but the machine remains unavailable for another non-maintenance reason, only the maintenance-related downtime is counted in this project.
A breakdown event is defined as one discrete unplanned maintenance incident from machine stoppage through to restoration of function. Multiple tasks linked to the same stoppage are treated as one event, not separate events, unless the machine was returned to service and then failed again in a new incident. This rule avoids inflating the number of failures where a single fault required several maintenance actions.
A repeat failure is defined as the same or very similar fault recurring on the same machine within 30 days of the previous repair. This includes cases where the same component, subsystem or symptom returns and there is reasonable engineering judgement that the earlier fault was not fully eliminated. Where the wording in the record differs but the failure mechanism is effectively the same, the event is still treated as a repeat failure.
For ticket reason coding, each event is assigned to one primary fault category based on the dominant cause of downtime. Where records contain mixed or vague wording, coding is based on the best available evidence from the SyteLine description, maintenance knowledge and FMECA context. If no reliable specific cause can be confirmed, the event remains in a general or unknown category rather than forcing an inaccurate classification. This improves consistency while also recognising the limitations of the historical records.

[bookmark: _Toc229423548]Appendix B – Critical Spares Part List for AL43
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[bookmark: _Toc229423549]Appendix C – Updated AL43 PPM Schedule
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[bookmark: _Toc229423550]Appendix D – Original FMECA
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AL43 breakdown count by month, 1st of March 2025 to 28th of February 2026
Breakdown count	Mar 25	Apr 25	May 25	Jun 25	Jul 25	Aug 25	Sep 25	Oct 25	Nov 25	Dec 25	Jan 26	Feb 26	44	33	40	39	37	62	63	49	48	56	48	38	Month
Number of breakdown events
AL43 breakdown count Pareto by machine, 1st of March 2025 to 28th of February 2026
Breakdown count	AL43/02	AL43/01	AL43/03	AL43/06	AL43/05	AL43/04	129	121	89	84	81	53	Cumulative %	AL43/02	AL43/01	AL43/03	AL43/06	AL43/05	AL43/04	0.23159784560143629	0.44883303411131059	0.60861759425493711	0.7594254937163375	0.9048473967684022	1	Machine
Number of breakdown events
AL43 highest recorded defect groups, 1 March 2025 to 28 February 2026
Breakdown count	Tool Handling	Fluid	Conveyor	Sensor	Generic Task Request	Door	Pusher	Electrical Drive	Lubrication	Leak	105	104	36	35	14	13	12	11	11	10	Defect category
Number of breakdown events
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Improvement option Impact Feasibility Cost

Implementation 

time

Risk / disruption Total

Coolant contamination controls (coolant change, skimmer, auto 

top-up, filtration, ATC steam cleaning)

5 4 4 4 4 21

Hydraulic hose support bracket and routing control behind OSP 4 5 5 5 5 24

Pirtek hose inspection and replacement plan 3 5 4 4 5 21

Improved ATC inspection and cleaning within PPM 4 4 5 4 5 22

Critical spares list for repeat failure items 5 4 3 3 4 19

Decision Matrix for AL43 Improvement Alternatives

Scoring scale: 1 = least favourable, 5 = most favourable. For cost and implementation time, a higher score means lower cost and quicker implementation.


image10.emf
Sub system Failure mode Failure effect Current S Current O Current D

Current 

RPN

Current controls Updated / additional controls Revised S Revised O Revised D

Updated 

RPN

Reason for change

Spindle MSP/OSP Hydraulic leak

Potential production stop 

and H&S risk

8 6 8 384

Hose in tight location behind 

OSP

Fit support bracket / clamp behind OSP, 

improve hose routing and restraint, add 

hydraulic oil particle checks during PPM, 

continue Pirtek inspection and tagged hose 

replacement.

8 3 4 96

Severity remains high because oil loss still 

creates downtime and a safety risk if it 

occurs. Occurrence is reduced by controlling 

hose movement and routing. Detection is 

improved by planned inspection and oil 

condition checks.

Coolant system

Level sensor / 

contamination

Production stop / flooding / 

H&S risk

7 10 4 280

Sensor reset, manual top-

ups, PPM test of sensor 

operation

Coolant change from Quakercool 7350 BFF 

to Arterial 4750 BFF, oil skimmer, auto top-

up, coolant filtration, monthly ATC steam 

cleaning, continued sensor cleaning and 

inspection.

7 5 3 105

Severity is unchanged because the machine 

can still stop or flood if the fault occurs. 

Occurrence is reduced by improving coolant 

condition and stability. Detection improves 

slightly through better routine cleaning and 

monitoring.

ATC

Magazine fails to rotate / 

sensor obstruction

Production stop 6 9 4 216

Limited existing cleaning and 

general recovery actions

Monthly ATC area cleaning and steam 

cleaning, improved contamination control, 

alignment checks, clearer ATC fault coding, 

targeted ATC training as a supporting 

control.

6 5 3 90

Severity is unchanged because an ATC failure 

still stops production. Occurrence is reduced 

by removing contamination build-up and 

improving alignment checks. Detection 

improves through cleaner fault coding and 

more focused inspection.

AL43 Updated FMECA
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CTQ / control item Target Method Frequency Owner Reaction plan

Unplanned downtime hours

Downward trend from baseline, 

aligned with 20% project 

reduction target

Review SyteLine breakdown records and 

downtime totals for the AL43 group

Weekly review, monthly 

summary

Maintenance manager / shift 

lead

If downtime rises above expected trend, 

review repeat faults, machine contribution and 

outstanding actions

MTTR Downward trend from baseline

Calculate from date raised to date closed 

for AL43 breakdown records

Monthly

Maintenance manager / shift 

lead

If MTTR rises, review long-duration tickets, 

parts availability, repair delays and spares gaps

Repeat breakdown frequency

Progressive reduction in repeat 

faults

Review repeat breakdowns by machine 

and failure theme using SyteLine history

Monthly

Shift lead / maintenance 

engineer

If repeat faults continue, carry out engineering 

review and update PPM or corrective action

Coolant concentration and 

condition

Coolant kept within agreed 

operating range and 

contamination controlled

Daily level and concentration checks, 

skimmer operation, auto top-up check 

and monthly condition review

Daily checks, monthly 

review

Coolant / oils person and 

maintenance

If condition drifts, inspect skimmer, top-up 

unit, filtration and tank cleanliness, then 

correct and record

ATC cleaning and inspection 

compliance

100% completion of planned 

monthly ATC cleaning and 

inspection

Confirm ATC steam cleaning and 

inspection points are completed within 

monthly PPM

Monthly

Maintenance engineer / shift 

lead

If missed, rebook the task and review why the 

check was not completed

Hydraulic hose condition behind 

OSP

No repeat hose wear or leak in 

the same location

Inspect hose routing, bracket condition 

and wear signs during PPM, supported by 

Pirtek inspection and oil particle checks

Monthly PPM, annual 

contractor check

Maintenance engineer / Pirtek

If wear or oil contamination is found, replace 

hose, review routing and inspect surrounding 

area before return to service

AL43 Control Plan
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Sub System Failure Mode Failure Effect

Severity 

(1-10)

Potential Cause('s)

Occurance 

(1-10)

Control Measures

Detection 

(1-10)

RPN Action Recommended

Spindle MSP/OSP Hydraulic Leak

Potential Production Stop and 

H&S Risk

8 Split Hydraulic hose from OSP 6 N/A- Hose in tight location behind OSP 10 #REF!

1. Contact pirtek for rerouting, better fittings or better hose to last longer (higher ISO abrasion class hose / Crimped end fittings rated for pulse cycles / Rubber P-clips to prevent actuation movement

2. Create hose securing bracket

3. monthly - Inspect hose for wear, replace if any wear

4. 6 monthly - Run hydraulic sample through particle analysis, results will determine actions required.

5. Add protective sheathing to hose

6. If common occurence, create drip container to prevent hydraulic oil mixing with coolant (may be benneficial whilst we find a sure fix)

7. Monitor hydraulic oil temp (higher temp causes faster hose degradation)

8. When fitting new hoses, mark connections with paint marker, can help detect gradual loosening.

Coolant system Level sensor

Production stop / Coolant 

flooding / H&S risk

7

Sticking floats / Sensor drift / 

main to HP tank balancing

10

Sensor reset, manual top-ups/ PPM: test 

operation of sensor.  

4 280

PPM: Sensor calibration and cleaning

Operator SOP: Confirm tank levels prior to machining.

Coolant system Foaming  Potential flooding / HP trips /  7

Coolant concerntration / 

Aeration / contamination

10

Add anti-foam, Adjust coolant 

concerntration

4 280

1. Install tramp oil skimmer to sump tank

2. Install auto coolant top up unit

ATC Magazine fails to rotate  Production Stop 6 Sensor obstruction 9 N/A 4 216

1. Add steam cleaning process to monthly PPM

2. Monitor oil accumulation on ATC sensors 

AL43 Integrex FMECA
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