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Surface coating has become a key element of modern manufacturing processes, providing protection against various environmental factors, and increasing the service life of coated materials. Among the various surface coating techniques, plasma spraying is of great importance due to its versatility and efficiency. Bodycote, Newport, specializes in the supply of surface technology coating solutions, including techniques such as high velocity oxygen fuel and plasma spraying.
In the plasma spraying process, a high-temperature plasma flame is used to coat materials.
In order to ensure the efficiency and reliability of plasma spraying operations, proper maintenance practices are necessary, with particular regard to the extraction systems used during the procedure.

The purpose of this report is to critically review the current maintenance practices at Bodycote, Newport, focusing on the extraction systems of the plasma spray booths, and subsequently make recommendations to improve operational efficiency and reduce potential risks.
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Surface coating has become increasingly prevalent as it offers protection against various environmental factors, enhancing the durability of coated materials.

Bodycote, Newport specializes in delivering surface technology coating solutions, including HVOF and plasma spraying.

According to Antonini et al (2020) the plasma spraying process, powder is introduced externally into a high-temperature plasma flame, which can reach temperatures of up to 16000 Celsius. Within this intense flame, powder particles undergo partial melting, forming a coating on the target surface. Prior to commencing the spraying cycle, substrate preheating is necessary, followed by the application of multiple coating layers to achieve the desired thickness. Cooling intervals between spraying cycles are essential to prevent material overheating, ensuring it remains above a certain temperature threshold.

The type and thickness of the coating are tailored to meet the specific requirements of customers.

In the context of spraying booths, the implementation of an appropriate extraction system is paramount. As highlighted by Antonini et al (2020), gases such as argon, nitrogen, hydrogen, and helium are utilized in plasma spraying. Aerosols comprising fine and ultrafine particles generated during the thermal spray process pose potential risks to the operator. These thermal coating particles may contain toxic metals like cobalt, nickel, chromium, etc. Comprehensive information regarding the physical and chemical properties of aerosols produced during spraying processes is lacking. Moreover, the adverse health effects of these aerosols remain inadequately understood.

Furthermore, contamination stemming from ultrafine particles produced during the spraying process can compromise coating quality, potentially leading to coating failure. Additionally, such contamination can inflict damage upon spraying equipment. Accumulated debris may disrupt the functioning of the spray gun, causing excessive wear and impeding the repeatability of the spraying process.

In conclusion, the proper operation of an extraction system is of utmost importance in mitigating these risks and ensuring the effectiveness of plasma spraying operations.

At the Bodycote site in Newport, there are currently two combustion wire flame booths, one high velocity oxygen fuel, and four plasma spray booths in operation.
Currently, two plasma booths share a single extraction system, a less than ideal setup. The existing maintenance approach falls under the category of preventive strategy, as both the extractor system and ventilators undergo regular maintenance according to manufacturer's recommendations and at predetermined intervals.

As cited by Hamasha et al (2023) in their study, preventive maintenance entails the scheduled maintenance and replacement of parts at specified intervals. Employing this strategy mitigates the risk of machine downtime due to unexpected failures.

Preventive maintenance offers several advantages, including decreased maintenance costs by averting malfunctions and associated expenses through periodic system maintenance. Additionally, this approach extends the operational lifespan of the machinery. Moreover, pre-planned maintenance tasks contribute to minimizing downtime, ensuring smoother operation.

One of the disadvantages of preventive maintenance may be that parts are replaced more often than necessary, which increases costs and downtime. Despite regular maintenance, a sudden failure may occur, for which the company is not necessarily prepared. 

The maintenance department currently utilizes Computerized Maintenance Management Systems (CMMS). According to Meira et al (2020), CMMS facilitates the monitoring and planning of maintenance processes and allows for the storage of related data. Effective planning enabled by CMMS can lead to cost reductions. 
Additionally, CMMS enables the storage of various technical data related to machines and details of required parts, simplifying the ordering process for maintenance components. 
Inventory management within CMMS allows for tracking of materials used for maintenance, as well as monitoring remaining stock levels for timely replenishment orders.
Moreover, operators can now report machine failures directly into the system, which triggers notifications to maintenance engineers. By storing data on servicing and breakdowns, CMMS enables the effective determination of production performance indicators.
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Adhering to the manufacturer's recommendations, which entail maintenance at specified intervals, proved to be the most suitable approach for maintaining the extractor system. Maintenance activities were scheduled at predetermined times, conducted outside of production hours.

While this preventive method can be effective, it overlooks the possibility of sudden breakdowns. This omission poses a challenge, particularly when there's a shortage of spare parts, leading to extended lead times and disruptions in production processes.

A critical component of the extractor system is the fan set, which has a lead time of 2-3 weeks from order to delivery in the event of a sudden breakdown. Given that the extraction system serves two plasma booths, a sudden malfunction would halt the operation of both booths, resulting in significant losses. 

The current maintenance strategy could be further developed with a condition-based maintenance approach. This method involves continuous monitoring of the machine's operating state and data collection.
The system monitors any deviations that may occur during the operation of the machine and only recommends intervention and maintenance if it is really necessary. 

Diagnostics aims to identify existing errors by examining their signs and manifestations. Through thorough observation and analysis, it seeks to uncover the underlying causes and specific characteristics of the detected issues. 

Forecasting focuses on predicting potential errors that may arise in the future. This approach involves utilizing available data and patterns to anticipate potential failures before they happen, thereby minimizing the risk of operational disruptions. 
It is clear that the prognosis is much more effective in error prevention, however, the diagnosis is necessary. If a forecast fails to predict an error, so the prognosis is incorrect, and the error still occurs, diagnostics will analyse the problem and investigate the underlying causes.
The Figure 1 – PF curve (Teixeira et al, 2020) below illustrates the performance of the machine between potential failure and functional failure.
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As Rusinski et al (2017) states since the flawless operation of the fan is essential for the operation of the extraction system, proper maintenance is necessary. Vibration monitoring is the most effective way to analyse fan operation. The flow phenomena occurring in the fan are quite complicated, but the continuous monitoring of the vibration and the observation and analysis of the changes in it can predict possible failures. Due to the complex flow effects, however, differences in vibration are often not unequivocally identifiable. The vibration can occur when the fan is started or stopped, but it can be caused by the drive motor or inertial parameters.

The introduction of vibration monitoring helps to recognize errors related to the operation of the fan before they occur, thereby mitigating downtime and reducing the risk of production, material, and equipment losses.
However, unforeseen failures may not always be predicted by the system, resulting in challenges such as extended ordering and delivery times. Consequently, prolonged downtime for both plasma booths may occur, leading to production losses.
In order to mitigate the risks associated with unforeseen fan failures and to minimize the impact on production, the introduction of a backup extraction system can be one of the solutions.

In the event of a sudden failure of the primary extraction system, both booths can seamlessly transition to the backup system, ensuring continuous operation until the issue is resolved. Utilizing a backup extractor as a proactive measure enhances production flexibility and reduces the risk of production losses.
Introducing a backup extraction system presents a feasible solution, albeit with potentially high initial costs. Alternatively, keeping a spare fan set in inventory could also mitigate the impact of sudden breakdowns.

Yet, there is room for further enhancement in maintenance practices through the implementation of Total Production Maintenance (TPM). According to Rajput (2012), TPM aims to prevent errors, malfunctions, and breakdowns during production, necessitating collaboration across all organizational departments. By introducing and using TPM, overall equipment effectiveness (OEE) and quality can be improved, and the number of work accidents can also be reduced.
Figure 2 – Pillars of TPM (Rajput, 2012) illustrates the basic pillars defining Total Production Maintenance.
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According to Teixeira (2020), implementing condition-based maintenance entails an initial assessment to identify the equipment needed to monitor the condition of each machine effectively. This involves understanding the technological prerequisites for monitoring, which encompasses acquiring necessary tools, software, hardware, and associated training costs.
Before integrating condition-based maintenance, a comprehensive analysis of all factors, including incurred costs and anticipated savings from the new system, is imperative.
Utilizing a cost-benefit analysis serves as an effective approach to assess the feasibility of introducing the condition-based maintenance system.

The cost and benefit analysis findings are presented in Table 1. The analysis encompassed the calculation of the required vibration monitoring system for four extraction systems, inclusive of a backup extraction system.

The costs associated with vibration monitoring include the procurement and installation of vibration sensors, acquisition of computers and hardware, software licenses, and employee training—considered as non-recurring costs. The total non-recurring costs for vibration monitoring amount to £41,100. Recurring costs, covering ongoing operation, comprise calibration expenses, software updates, equipment maintenance costs (including spare parts and labour), and data collection and analysis, totalling £21,000 in the initial year, with a subsequent 4% annual increase factoring in inflation.

The one-time expense for one backup extraction system, encompassing risk assessment, machine procurement, and installation costs, totals £79,000. Associated recurring costs, primarily maintenance costs incorporating parts and labour, are estimated at £18,000.

Thus, the total setup cost is £120,100, with recurring costs in the first year amounting to £39,000.

The cumulative benefits from the vibration monitoring system and the backup extraction systems are set at £190,000, primarily driven by the mitigation of sudden fan failures. Considering a daily downtime cost of £5,000 per plasma booth and the simultaneous failure scenario involving all two plasma booths, the shutdown cost was calculated over a two-week lead time.
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Table 2 provides a condensed overview of the cost and benefit analysis results, indicating a net benefit of £31,000 for the first year.

Furthermore, the cost and benefit ratio—derived from the quotient of all benefits to all costs—stands at 1.19, affirming the project's viability for implementation.
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Table 3 outlines the scenario wherein vibration monitoring is implemented alongside maintaining a spare fan set in stock for immediate repair in case of unexpected breakdowns. The initial cost for the spare fan set in the first year amounts to £10,000, covering both procurement and installation, with an annual increase of 4% to account for inflation. However, if the spare fan set remains unused, the annual purchase cost diminishes. Meanwhile, the non-recurring cost for all vibration monitoring remains constant at £41,100. Consequently, the combined cost for vibration monitoring and the spare fan set totals £72,100 annually.

The benefits accrued remain consistent with the values presented in Table 1, totaling £190,000 in the first year.
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Table 4 offers a summary of the cost and benefit analysis. The net benefit for the initial year amounts to £117,900, with subsequent increases annually. Additionally, the cost and benefit ratio stands at 2.63, indicating the project's profitability upon implementation.
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In summary, a review of current maintenance practices for the exhaust systems of the Newport plasma spray booths at Bodycote highlights strengths and areas for improvement.
The current preventive maintenance strategy ensures periodic equipment maintenance but cannot prevent sudden breakdowns that lead to operational disruptions and production losses.
Integrating condition-based maintenance with vibration monitoring systems and either spare fan sets, or backup extraction system emerges as a promising strategy to enhance maintenance efficiency and minimize downtime. However, a backup extraction system entails higher costs compared to simply stocking spare fan sets.
The cost-benefit analysis carried out in this report indicates a favourable result, the planned net benefits and cost-benefit ratios confirm the feasibility of the proposed developments.
By developing maintenance strategies and implementing proactive measures, operational reliability can be optimized, production losses can be reduced, and competitive advantage can be strengthened.

The recommended course of action entails the immediate implementation of a vibration monitoring system coupled with the maintenance of spare fan sets in inventory. Given its cost-effectiveness, stocking spare fan sets is preferred over the installation of a backup extraction system. Additionally, gradual adoption of a total productive maintenance approach is advised for the future. These initiatives hold the promise of elevating quality standards, enhancing overall equipment efficiency, minimizing waste, and optimizing maintenance practices for increased efficacy.
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