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[bookmark: _Toc226986594]Introduction
Alar Engineering Ltd is a precision sheet metal sub-contractor in Cardiff Bay, which specialises in fabricated parts and assemblies for a range of industrial clients. Alar relies on computer-aided design (CAD) systems and automated / manual machinery such as fibre laser cutting, turret punch press, press brakes, welders, and painting processes. Efficient and consistent operation of these processes is critical to maintaining throughput, meeting customer deadlines, and minimising operational costs.
This report focuses on a crucial part of the manufacturing process, the Vipros Z 3510 computer numerically controlled (CNC) turret punch press. Similar to the fibre laser cutter, the machine cuts out blanks from sheet metal. However, the punch can create forms such as countersinks, louvers, and dimples, etc using a rotating tooling turret. The machine is one of the oldest in the factory at over 25 years old. Its age presents a range of maintenance challenges, including mechanical and hydraulic wear, electrical issues, and increasing difficulty procuring replacement parts. As such, this machine is a good case study to evaluate real-word maintenance strategies.
The study will critically evaluate the current maintenance approach for the machine and assess the reliability and efficiency of its operation. Then the strategy will be analysed for potential improvements using modern engineering practices, with the associated cost implications after implementing these changes.


[bookmark: _Toc226986595]Equipment Overview
The Vipros Z 3510 is a 25-year-old Amada CNC hydraulic turret punch press. The machine functions using a hydraulic ram to drive a sharp punch tool into sheet metal which produces a ‘blank’ shaped cutout. A die on the opposite side supports the material during the punching process, illustrated in Figure 1 (Groover, 2010). These blanks can be rectangular, circular, or custom shaped for the specific application. The CNC system operates the positioning of the sheet, selection of tools, and the ram using G-code programs created on site.
[image: ]
[bookmark: _Ref226480091][bookmark: _Toc226986590]Figure 1 – Diagram of punch, die, and blank (Groover, 2010)
Sheet metal is clamped above a bed of brushes; these clamps are guided by linear rails to move the sheet in the x-axis. For the y-axis, the turret moves over the sheet. This turret rotates which allows the rapid selection of indexed tools loaded during setup from an automatic tool-loader or manually by the operator. The turret holds 38 tools at a time and can switch between them before punching, see Figure 2 which illustrates the turret tool layout. This greatly reduces the program time and improves efficiency compared to having a single tool head and tool-changer, though complexity of the turret increases maintenance requirements compared to simpler punch setups (Bartholomäus, 2026).
[image: ]
[bookmark: _Ref226810671][bookmark: _Toc226986591]Figure 2 - Turret tool slot layout (Amada Co., Ltd, 1999)
Punching is a shearing process, this requires sharp tooling to ensure a clean cut with minimal burrs (Hosford & Caddell, 2011). The machine tracks the number of hits a tool has been subjected to and alerts the user when the tool requires sharpening. To enact enough force on the tool to shear the material, the punch uses an oil based hydraulic ram system which requires both filtering and changing (Amada Co., Ltd, 1999). Old hydraulic systems are also prone to developing leaks which may add to the maintenance requirements of the system, this could be from worn seals, changing clearances, or damage to hoses (Parr, 2011).



[bookmark: _Toc226986596]Current Maintenance Strategy
[bookmark: _Toc226986597]Planned Maintenance
A proactive approach in maintaining the punch machine was initiated by the managing director who established a six-month service contract with the suppliers of the machine. Technicians are scheduled to undertake checks, calibration, and repairs twice yearly. The advantages to this are fixed costs and having competent technicians familiar with the machine their company designed and built. The bathtub-curve, as shown in Figure 3, is a graph showing how ageing machinery requires shorter maintenance intervals, compared to its useful life, due to increased breakdown occurrences from wear out. This indicates the interval is too long as the number of unexpected breakdowns is increasing as this graph predicts. The machine time is charged to the customer at £70/hour, this is a major factor in the cost of downtime for this machine (Smith, 2022). 
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[bookmark: _Ref226820751][bookmark: _Toc226986592]Figure 3 - Bathtub curve graph showing failure rates for ageing plant assets (Smith, 2022)
[bookmark: _Toc226986598]Preventative Maintenance
To tackle preventative maintenance, internal services are employed. These were previously recorded via paper forms with tick-list items. No virtual records remain and hard copies could not be located; this creates a loss of traceability. Operators no longer complete them, which can cause gaps in services due to human error. This can cause build-up of debris, oil, and dust on sensitive critical sensors or mechanisms. During these services the turret is emptied of tooling and cleaned using high-pressure air and rags. 
[bookmark: _Toc226986599]Reactive Maintenance
The internal approach to maintenance of the machine has slowly shifted from preventative to reactive maintenance over the age of the machine. This is evident as internal service logs and breakdowns are no longer being logged despite the availability of forms. The only evidence of repairs are from the Amada breakdown reports, which are all logged in the system. We can see the reliability of the machine has gradually been getting worse over time as per Figure 2. 13 breakdowns were resolved by Amada in 2025; these are predominantly fixed within one working day and took an average of 4.81 hours per breakdown in repair time (see 2025 breakdown in Table 1). Total downtime was not recorded but travel time for technicians is around 3-4 hours on the reports and technicians are not always readily available. This means total breakdown time per event could be over ten hours. The chargehand reports small fixes such as pneumatic leaks, sensor failures, and fuse replacement are common and resolved on site without external technicians, and thus, not logged so total time will be higher. Disregarding small fixes, this cost the company roughly £9,000 of machine running hours for the year (130 hours), showing a heavy reliance on reactive maintenance which is progressing the aging effects of the machine. 
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[bookmark: _Ref226485293][bookmark: _Toc226986593]Figure 4 - Graph of breakdowns over year recorded by Amada technician service reports
[bookmark: _Toc226986600]Common Failure Modes
The chargehand reports that most breakdowns are the result of electrical faults and sensor failures which can be rectified after an alarm is raised. This could be misalignment or contamination and takes roughly 5-10 minutes to resolve if Amada’s technicians aren’t needed. The machine suffers often from pressure leaks in the clamp’s pneumatic system from the hose moving through channels where a buildup of swarf, rust, or dirt may form. Larger common failures where technicians are required, so were logged by Amada, has been recorded in Table 1 for the 13 breakdowns in 2025. The largest being aging electrical systems causing roughly half of the total breakdown time for the year. The rest of the faults are various mechanical parts wearing. 
[bookmark: _Ref226485166][bookmark: _Toc226986586]Table 1 - Amada repair time per breakdown 2025
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[bookmark: _Toc226986601]Data Availability & Monitoring
Despite the machine’s age being over 25 years, external service reports only date back to 2008. This does not include any resolved failures or services that occurred internally. Machine downtime is not tracked, although Amada does report how long a repair took, this does not include response time. The lack of a structured monitoring system for machine reliability limits performance analysis and hinders decisions to replace or keep the machine as it ages further. 


[bookmark: _Toc226986602]Improvement Strategies
[bookmark: _Toc226986603]Improvement approach
The goal to improve the current strategy is to focus on transitioning away from reactive maintenance by improving data collection, targeted maintenance, and operator awareness training. This should aim to improve machine reliability, reduce downtime, and enable data-driven decisions for long term company goals. A focus on predictive maintenance can resolve these aims using data collection such as machine running hours, downtime, common faults, sensors, vibration, etc (Mobley, 2004). Preventative maintenance can be improved from the current approach, which currently relies heavily on the service contract schedule which only occurs twice a year. Reactive maintenance where technicians are called in or repairs are made on site should be reduced and progress towards this monitored using the data collection. 
[bookmark: _Toc226986604]Maintenance logging system
The core to the new strategy will be transitioning to a digital foundation using the company’s Enterprise Resource Planning (ERP) system, Efacs. Industry 4.0 is a data-driven revolution where automation is made quicker and easier using data collected via sensors, monitors, and operators is collected and displayed for management (Mallik, et al., 2024). The Internet of Things (IoT) can be employed to delegate tasks when the ERP system detects a task is required (Zonta, et al., 2020). Computers already in the workshop can be used to log these tasks creating historic records and proving consistency in maintaining the machine. This system improves on handwritten forms which disappear or degrade over time or become digitally scanned and stored as a PDF which cannot be implemented into a smart system without manually entering the data into a database.
[bookmark: _Toc226986605]Transition to Preventative Maintenance 
To reduce common failures on the machine occurring as often, a preventative approach is required. Inspection and survey sheets require additional items after digitalisation to align with the current common failure modes. As part of the monthly internal service, visual inspection and cleaning of any sensors, tooling, and moving components should be conducted. Leak tests should be performed on the pneumatic system at common breakage locations. If swarf build up is the cause of the damage and contamination of components then cleaning intervals should be conducted more regularly (weekly instead of monthly).
[bookmark: _Toc226986606]Condition-Based Maintenance
Condition based maintenance (CBM) is a form of predictive maintenance. This enables continuous monitoring of variables from the machine or sensors, which can detect failures prior to a breakdown. Pressure, vibration, electrical current/voltage can all be collected and compared autonomously and process the information to alert the operator if data strays from the baseline (Ben-Daya, et al., 2009). The most common failure type was electrical; it would be the most beneficial condition to monitor. This can be achieved using voltmeters and ammeters around components such as batteries, motherboards, or motors (Mobley, 2004). Vibration is a popular condition to monitor for mechanical equipment. This can detect loose or seized components, worn bearings, misalignment, or imbalance, which is a vital tool to predicting most mechanical failures. These usually start as small imperfections, fractures, or fatigue in a component which alters its vibration signature (Ghazali & Rahiman, 2021). CBM is suitable because unlike time-based maintenance, it can detect random failure and the severity as it progresses. 
[bookmark: _Toc226986607]Cost and Downtime Reduction Analysis
Downtime for 2025 was previously found to be around 130 hours costing the company £9,000 of quotable machine time. CBM and predictive maintenance procedures would aim to reduce this by shifting the unexpected downtime into planned maintenance procedures. Replacing worn parts and inspection of issues found using CBM during the standard internal service or the biannual technician services is more efficient (Mobley, 2004). The technician’s travel time often accounted for almost as much as the repair time, which can be avoided by committing to changing parts before failure during the scheduled services.
[bookmark: _Toc226986608]Long Term Goals
For successful long-term implementation, management strategies must be employed for change to be sustained. These could be incentive programs, managerial monitoring/reporting, or training programs (Ben-Daya, et al., 2009).
Forecast data for reliability indicates the number of breakdowns per year is continually increasing as a trend. It would be beneficial to upgrade the machine to a combination punch/laser machine as the newer technology would provide more complexity for production.
Despite the increase in initial costs, upgrading to an improved machine has the potential to reduce downtime dramatically, whilst also benefiting from faster more efficient laser profile cutting while still being able to produce complex punch forms. This reduces the running time and costs in the process (Kren, 2026). Although it requires maintenance of two separate platforms, everything besides the toolheads is shared between the two systems. Currently many jobs are moved between the fibre laser and the punch machine in complicated dual process jobs, this would no longer be required. 
[bookmark: _Toc226986609]Cost and Resource Analysis
The main objectives of maintenance are to benefit cost effective productivity gains. Examples of these benefits include reduced downtime, longer lifespan of the machine, faster and more accurate performance, less rejects, more predictable delivery goals for customers, and higher quality products (Mobley, 2004). Using previously calculated assumptive downtime costs for lost quotable machine hours, which was £9,000 a year the cost of the current maintenance strategy can be realised. Hidden costs are in addition, operator time, factory throughput disruption, and missed delivery schedules which can cause customer dissatisfaction. 
The cost of the proposed improvements is minimal to the realised cost of downtime. Alar already relies heavily on the ERP system Efacs and has transitioned many of the company’s requirements over to it already. The monthly internal services are already being conducted, so are the biannual external services. It would be an efficient use of time to introduce CBM detected fixes or replacements during these scheduled times. This will increase service time but will be less disruptive than waiting for the part to fail before fixing it. Service forms introduced digitally can be filled out and automatically entered into the database without the need for paper copies that were previously being lost or neglected.
CBM requires upfront investment, where various sensors are purchased and installed. Inline pneumatic pressure sensors, vibration, and electrical sensors were found to be the highest priority items based on common failure types. Using RS components, industrial grade prices for these sensors ranged between £20 - £200 each (RS Components, n.d.). These sensor measurements can be uploaded directly to the server and interpreted there using CBM software. There are many free examples but a paid for service example is Tractian which would be £75 per month (Signorini, 2026). Once this software is set up, it can be applied to all the machines on the shop floor so savings would not be limited to the punch machine being analysed. 
Operator training would be required, but for automated machines such as the punch, they are often being run without any operator input or supervision. Training time can be scheduled during a long running job to save costs. Downtime savings from training can be offset by the unexpected downtime that the new strategy aims to mitigate.
Despite the costs, a return on investment (ROI) would be expected from the implementation of the new strategy. A breakdown reduction of 30% could yield more than £2700 annually.



[bookmark: _Toc226986610]Conclusions and Recommendations
The Vipros punch is a critical asset within Alar Engineering as it is vital to production. Age and reliability of the machine are creating a concerning trend to increasing frequency of breakdowns, of which, are costing the company over £9,000 a year in machine quotable hours alone. The current maintenance strategy uses planned services and internal preventative activities, which has slowly deviated towards overreliance on reactive maintenance. The limitation for managing a strategy effectively has been the reliance on paper forms and documents, despite the company’s database/ERP system being suitable for the task. This restricts performance monitoring and predictive decision making. 
The current maintenance strategy has the potential to be partially effective, as it keeps the machine running. All non-age-related service items are completed within a good timeframe on a regular basis. This fails to detect or predict items close to failure, current strategy relies on waiting for the part to fail. As the machine ages, the current approach is unlikely to be sustainable without updating and  modernising the maintenance strategy.
Vital recommendations include a migration of data to a digital maintenance logging system within Efacs, this provides free trend monitoring and traceability. Providing the foundation to further enhance the system to a CBM data-driven automated system to predict maintenance requirements using live-fed and service-fed data from operators and sensors. Services can be strengthened with the addition of target areas for recurring failure modes. These items would further enhance the reliability of the machine and extend the lifespan, though a long-term replacement plan to a combination punch/laser machine should be created. Data gathered from previous steps would be vital to the feasibility and requirement of the replacement plan.
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