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Introduction
The document explores a defective plant asset age within Weartech Ltd.'s manufacturing facilities and provides solutions to resolve this issue. The business operations of Weartech take place in industries with extreme heat and chemical challenges and enduring cycles of temperature changes and mechanical stress. Operating conditions at the company put substantial pressure on manufacturing assets leading to material shortening and improving the likelihood of system failures.
At Weartech the examination centres on a fundamental clamping fixture operational part involved in the induction heating system for component heat treatment. High-stress manufacturing areas, where mechanical assemblies concentrate make the components more prone to structural fatigue when coupled with corrosion and thermal bending deformations during lengthened periods of use. Ageing plant factors including outdated design, material fatigue and insufficient modern condition monitoring create an elevated risk of functional failure through their combinations (Health and Safety Executive, 2022). The HSE advises that ageing stems from multiple degrading factors were insufficient inspections meet outdated materials and changing performance criteria combine together.
The Reliability-Centred Maintenance (RCM) methodology provides the necessary approach to detect failure sources for optimizing maintenance plans through performance enhancement. Moubray (1997) defines RCM as a structured approach which both maintains operational systems and finds solutions for defects and their proper preventive measures. The method allows failure consequences to determine maintenance activity selection because it prioritizes safety and combines performance and cost effectiveness requirements. The clamping fixture receives advantages from this method because it is a valuable and common operating component which requires regular maintenance.
The document follows BS EN 13306:2017 international best practice standards to define standardized maintenance management definitions together with classifications. The use of this standard establishes technical precision by validating industry terminology, so all staff and managerial teams have mutual comprehension of maintenance reports.
The research initiative works to guide Weartech into adopting preventive reliability-based maintenance as a replacement system for its current reactive maintenance time-based practices. This standard proves that the company pursues its extensive business objectives through extended equipment service duration alongside enhanced safety regulations coupled with lower equipment failures and durable operational reliability against aging infrastructure.








2. Company background and Component description
The company Weartech Ltd produces specialized high-performance alloys as well as tailored wear-resistant tools which excel in harsh conditions. The products from Weartech International serve multiple industrial sectors that need to manage components under thermal cycling conditions and corrosive environments with high mechanical loads (Weartech International, 2020). Within this document we analyse the mechanical clamp fixture that functions as a critical component of Weartech’s induction heating workstation which serves as a crucial step during metallic billet thermal processing. The device ensures high precision in maintaining workpiece clamps when exposing them to fast heating until forge temperatures then experiences instant water cooling. The system needs precise positioning techniques because they support operational safety and enhance product quality standards and production efficiency.
Component Description
The clamp assembly contains three primary components that will be described next.
The machine includes two CNC-machined aluminium clamp blocks which are symmetrically mounted on dual parallel lead screws. These blocks receive torque signals which transform them into clamp pressure.
· Elements within the blocks use bronze self-lubricating bushings to effectively guide the movement of hardened steel guide rails for low-friction linear motion during clamp operation.
· Speedy connections with stainless steel and PTFE couplings let technicians easily link cooling lines that supply water jets throughout quenching operations.
· Heat-resistant zinc-coated A2-70 socket head bolts serve as high-temperature fasteners because they show both thermal expansion suitability and threaded fatigue resistance.
The elevated temperature working environment of the past 12 years has led to growing deterioration within the assembly unit. The combination of material fatigue with surface oxidation and thread stripping and clamp face dimensional warping because of thermal distortion affects the clamp system. These age-related damage patterns match those which occur in plant infrastructure systems failing under Health and Safety Executive (HSE) criteria as infrastructure that deteriorates from temporal factors like corrosion and wear and cyclic loading (HSE, 2022).
The designers failed to add condition monitoring and predictive maintenance features in the original clamp assembly. The maintenance approach followed a reactive model because failure detection occurred either during inspection periods or when the clamping function failed.
[image: ]Legacy components which operate in hot conditions become highly susceptible without redesign or retrofit because they survived past their original lifespan without proper analysis of changing operation or accumulated deterioration processes. The problems with unregulated maintenance approaches highlight the necessity for adopting function-based planning through Reliability-Centred Maintenance (RCM) according to Moubray (1997).
Image 1: Overview of component in drawing form









3. Critical review of the current Maintenance practices.
During previous time periods Weartech conducted preventive maintenance of its clamping fixture assembly through scheduled intervals. The inspections together with torque measurements were performed every four weeks to detect obvious mechanical component deterioration or looseness. Such an implementable solution was inexpensive initially, but its reactive nature did not provide enough analysis to detect future failures in high-stress aging components.
Tests following a failure report resulted in an extensive engineering analysis that uncovered essential breaking points in the fixture shown as:
Thermal fatigue combined with repeated clamping stress led to aluminium clamp blocks developing damage in the forms of cracks and deformations beyond the material fatigue limit.
Running time has drastically reduced the functional lifespan of the bronze guide bushings because of prolonged misalignment and inadequate maintenance procedures.
The combination of stainless steel and aluminium fasteners led to threaded clamp failure through galvanic corrosion incidents that occur mainly when operating in humid or coolant-rich areas.
The repeated thermal cycling process leads to joint degradation together with residue accumulation which ultimately causes oxidation and joint surface warping that progressively leads to misalignment.
These failure mechanisms reflect common problems experienced by aging industrial equipment resulting from environmental damage and outdated designs and inadequate asset review procedures (Health and Safety Executive, 2022).
At Weartech the current maintenance approach failed to establish procedures for risk evaluation through methods such as Failure Modes and Effects Analysis (FMEA) or Root Cause Analysis (RCA). The strategy failed to implement recognized condition-based monitoring methods such as thermography alongside vibration monitoring and lubricant analysis (British Standards Institution, 2017).
The absence of proper analysis led to many warning signs that went unnoticed until equipment loss occurred which mandated engineers to provide reactive maintenance. Production delays ensued along with additional safety risks to operators because of undetected faulty equipment.
The breakdowns identified through Moubray’s RCM framework (1997) belong to the classification of “hidden” or “functional” failures which manifest only after a system loses its capability to perform desired operations. Fixed-interval maintenance schedules prove inadequate for such situations because they do not resolve root causes of degradation while potentially making the problems worse.
The current methods at Weartech fail to satisfy modern asset management standards including BS ISO 55001 since they do not connect maintenance jobs to asset operation performance and business risks and lifecycle costs (BSI, 2014). The organization has an immediate need for data integration and digital logs and extended component health tracking systems to create effective strategic improvements.
[image: ]The organization needs to transition toward an RCM-based structured maintenance program to address current performance deficits. Risk priority and failure consequences could serve as decision factors to link technical maintenance activities with performance goals and safety protocols as well as lifecycle efficiency.
[image: ]             Images 2: Evidence of the distorted clamp block and corroded fastener 




4. Evaluation of Maintenance improvements
4.1 RCM Methodology
According to Moubray (1997) the study that used RCM followed this specific methodology. The Functional Failure Analysis (FFA) process detected main system failures affecting force stability between clamping segments. Fault analysis using RCM methods showed a combination of fatigue cracking alongside corrosion and bushing wear as its main failure elements. The investigative process determined that thermal fatigue presented along with aging seals together with equipment misalignment led to the equipment failure.
Records from within the organization revealed multiple failures accompanied by too many emergency repairs during Year 10 and all years afterward.

[image: ]Image 3 shows a Functional Failure tree and FMEA table for each sub-component. 






















4.2 Material and Design Enhancements
The recommendations present in Weartech Engineering Bulletin WB-2053 emerged from their partnership with GGB (2023). A change was made to CNC-milled 316L stainless steel blocks instead of aluminium because stainless steel shows superior fatigue strength and corrosion protection features. The GGB self-lubricating bronze bushings provided leading sliding abilities that extended product lifespan. Stainless/PTFE quick couplings solved both scaling issues and leakages effectively. Operations personnel used passivated high-strength bolts as replacement fastening elements rather than conventional fasteners.
The modifications follow HSE guidelines to offer specific instructions to handle hazardous old infrastructure instantly (HSE, 2022).
[image: ]

Image 4 shows a refurbished assembly with updated clamps, bushings, and couplings.





4.3 Predictive Maintenance Tools
Weartech made condition-based maintenance tools available through its adoption of RCM integration that brought predictive tools into the system. Through infrared thermography detection operators can find areas with abnormal higher temperatures. The detection process of couplings leakage depends on the ultrasonic testing system. The monitoring device assesses lead screw positioning through its ability to detect vibrations. The monitoring system evaluates coolant pH balance together with flow rate measurements as part of its operation.
The company implements predictive maintenance strategies based on BS EN 13306:2017 specifications during its system upgrades.

Image 5 showing an RCM Decision Matrix
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5. Cost and Resources considerations
An entire cost assessment study determined whether repairing the old clamping fixture was more valuable than investing in new equipment. Design modifications for renovation received input from operational records maintained by the company and supplier proposition data together with information concerning system outage events. Reliability-Centred Maintenance (RCM) lifecycle costing principles form the basis of the maintenance strategy because they establish cost-efficient preservation practices and value optimization management for assets over their operational lifespan according to Moubray (1997) and Smith and Hinchcliffe (2004). 
Cost breakdown – Refurbishment option
	Item
	Cost (£)
	Source

	Stainless steel clamp blocks 
	280
	Weartech Fabrication Vendor

	Bronze Bushings (GGB)
	60
	GGB Bearings

	Stainless/ PTFE couplings
	95
	RS Components

	Labour (6 hours)
	180
	Weartech Maintenance log

	Downtown (4 hours)
	400
	Weartech Production Report

	Total Refurbishment Cost
	1,015
	


Table 1 showing refurbishment option.
Selection criteria for the components aimed at maximizing performance within mechanical and thermal conditions and the cost reflects internal labour billing rates and official vendor prices. Assembling the Timing Belt Changing Machine requires both personnel costs for part installation and machine assembly and cooling system flushing and quality inspection.
Cost of Full Replacement
Records from Weartech procurement team in 2022 indicate that entire clamp fixture replacement costs £6,800 as validated by Weartech Internal Report Q4 2023 (Weartech Internal Report, 2023). The product price includes material purchase expenses and product development time along with shipping expenses and the cost of employee-installed specific fixture components.
Cost Savings and Justification
Direct project expenditures fall to £5,785 when the refurbishment method is used thus delivering 85% less expense compared to new equipment installation. The specified figure excludes various indirect savings from shorter lead times and decreased production delays and improved equipment reliability.
Smith and Hinchcliffe (2004) explain that a successful RCM implementation process includes failure consequence evaluation followed by choice selection of the most economical maintenance measures that prevent undesirable results. The current scenario demonstrates that system maintenance through refurbishment offers maximum value to end-users by keeping functional systems operational for a lower expense than new system acquisition.
The cost model matches the specification set by BS ISO 55001 asset management standard for asset owners to handle resources that produce measurable value through lifecycle cost reduction and risk minimization (BSI, 2014).

Table 2 showing cost comparison of refurbishment and replacement.
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6. Conclusion and Recommendations 
Analysis reveals that Reliability-Centred Maintenance methods when combined with material upgrades present Weartech Ltd. a reliable approach to extend their aging clamping fixture life effectively and economically. The single solution tackles failing physical equipment components while fixing inadequate maintenance plan aspects.
Moving from time-based inspection systems to structured condition-based maintenance fulfils the principle of proactive asset management as defined by BS ISO 55001 (BSI, 2014). The maintenance optimization system helps the company determine proper intervals for maintenance activities together with lowering unpredicted breakdowns and improving the equipment's performance over time.
Key Conclusions
Present inspection procedures based on time intervals failed to stop functional breakdowns because they relied on manual visual checks and pre-determined schedules that did not find initial signs of damage (HSE, 2022).
The company lacked infrared thermography and vibration sensors as well as other diagnostic technologies which failed to detect early signs of bushing wear and thermal distortion. The issue would have detected by predictive maintenance instead of going unnoticed.
The system performance improved impressively when 316L stainless steel materials replaced previous components together with self-lubricating bushings along with corrosion-resistant couplings which reduced wear behaviours and decreased system downtime (Weartech International, 2020; GGB, 2023).
A project to refurbish the equipment resulted in cost effectiveness that amounted to 85% when compared to complete fixture replacement. RCM proves successful at achieving equilibrium between cost effectiveness and both reliability maintenance and extending asset lifetime as Moubray (1997) explains.
Recommendations
Short-Term (0–6 months)
The established upgrades should be implemented into every other induction heating clamp unit with similar specifications. The standardization initiative will create optimized spare parts management procedures which minimize performance variation along with failure rate fluctuation.
Training of maintenance staff with diagnosis methods like thermal imaging together with ultrasonic leak detection systems will enable predictive diagnostic systems. The training program needs to conform to international standards for condition monitoring competence as established in ISO 18436.
Medium-Term (6–18 months)
The maintenance program should include digitized records coupled with sensor technology that records vital wear data points including temperature variations and system vibrations and coolant flow measurements. These data points assist in analysis of developing trends to help prevent failure situations from worsening.
The team should conduct FMEA reviews every quarter with updated inspection information to adapt risk evaluations and change task priorities and detect new failure patterns. The maintenance plan will adapt to operational changes thanks to this approach (Moubray, 1997).
Long-Term (18–36 months)
A full-scale implementation of RCM across the whole plant must focus first on vital production assets. Roundtable discussions aimed at teaching staff about RCM basics and providing systems for maintenance planning support should be established as part of this plan.
The organization should implement a complete ISO 55000-compliant asset management system that brings together performance indicators as well as risk assessments and lifecycle expense analysis across all departments. Through its implementation Weartech achieves multiple strategic business goals including operational resilience together with continuous improvement and regulatory compliance (BSI, 2014).
The implementation of these recommendations will improve Weartech's maintenance system and decrease operational expenses while securing safe production operations throughout its facilities. A combination of RCM with ageing plant principles creates an adaptable strategy for updating old production equipment while linking maintenance activities with organizational worth.
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