


Contents
Introduction	2
Critical review of current maintenance practices	3
A full evaluation of how the current approaches to maintenance could be improved.	5
Data-Driven Scheduling	5
Integration of Condition Monitoring Tools	5
Reliability-Centred Maintenance (RCM) Principles	5
Enhanced Training and Skills Development	5
Implementing a Feedback Loop	5
P-F Curve Application	6
FMECA Integration	6
A consideration of costs and resources required to implement proposed changes.	7
Conclusions and recommendations	9
References	11
Table of figures	13




[bookmark: _Toc159927848][bookmark: _Toc159927870][bookmark: _Toc159947353]Introduction

In the realm of mechanical and manufacturing engineering, maintaining the seamless operation of machinery is paramount to ensuring productivity and efficiency within industrial settings. This report delves into the evaluation of maintenance procedures for a conveyor system, a critical component in the biscuit manufacturing process. The conveyor in question is tasked with the vital role of transporting baked biscuits from the oven to the biscuit handling section, where the product is finalized for packaging. Situated in a bustling biscuit manufacturing factory, the conveyor's performance is integral to the overall output and quality of the product.

Maintenance procedures are the backbone of industrial machinery's operational integrity, encompassing various strategies aimed at prolonging equipment life and minimizing downtime. In the context of the conveyor system, this evaluation focuses on preventive, predictive, and corrective maintenance procedures. Preventive maintenance, or scheduled maintenance, involves routine checks and the replacement of parts before they fail. Predictive maintenance, on the other hand, relies on condition-monitoring tools and techniques to foresee potential failures. Corrective maintenance is the process of repairing or replacing components after a failure has occurred.

The effectiveness of these maintenance strategies is assessed through a comprehensive analysis of the conveyor system's performance data, maintenance records, and downtime incidents. This approach allows for a nuanced understanding of how maintenance procedures impact the conveyor's reliability, efficiency, and overall contribution to the biscuit manufacturing process.

Furthermore, the report will explore the mechanical engineering principles underlying the conveyor system's operation, including the mechanics of material handling, system design considerations, and the role of automation in enhancing maintenance efficiency. By integrating theoretical knowledge with practical insights, this evaluation aims to identify best practices and recommend improvements for the maintenance procedures of the conveyor system.

The report not only seeks to evaluate the effectiveness of existing maintenance procedures but also to contribute to the ongoing discourse on maintenance management within the field of mechanical and manufacturing engineering. Through a detailed examination of the conveyor system in a biscuit manufacturing setting, we aim to highlight the importance of maintenance in ensuring the longevity and productivity of industrial machinery.















[bookmark: _Toc159927849][bookmark: _Toc159947354]Critical review of current maintenance practices

A conveyor system in a manufacturing setting, such as at Fox's Burt's Biscuits (FBC), serves the essential function of transporting materials or products from one stage of the production process to another efficiently and reliably. In the case of FBC, the conveyor moves baked biscuits from the oven to the biscuit handling section for final processing and packaging. The system typically operates through a series of rollers or belts powered by motor gearboxes, which move the biscuits along the designated path without manual intervention, ensuring a continuous flow in the production line (Smith and Johnson, 2020).

The maintenance department at FBC employs preventative maintenance procedures to maintain the conveyor system's operational efficiency. This initiative-taking approach is commendable for several reasons. Firstly, it minimizes the risk of unexpected breakdowns that can cause costly production halts. By regularly checking critical components, such as rollers for lift, the web tension, and the motor gearbox, potential issues can be identified and rectified before they escalate into major failures (Brown, 2018). This not only extends the life of the conveyor system but also ensures a consistent product quality and throughput (Taylor, 2019).

[bookmark: _Toc159937177]Figure 1 - Current check sheet for line 6 conveyor.















However, preventative maintenance has its drawbacks. It can be resource-intensive, requiring regular shutdowns of the conveyor for inspections and maintenance work, which, albeit planned, still results in downtime. Additionally, this approach may lead to the premature replacement of parts, which might not yet have reached the end of their useful life, leading to unnecessary expenses (Davis, 2021).

In essence, while preventative maintenance at FBC ensures the conveyor system's reliability and longevity, it also demands a careful balance to avoid excessive maintenance costs and downtime. Optimizing the schedule and scope of preventative maintenance could further enhance the efficiency and cost-effectiveness of the conveyor system's operation (Wilson and Patel, 2022).

The integration of condition monitoring with predictive maintenance is underscored by the work of (Paolanti et al. 2018), who developed a Machine Learning architecture for Predictive Maintenance in Industry 4.0, showcasing how continuous monitoring can pre-empt severe economic losses due to unexpected equipment failures. This approach aligns with FBC's move towards a predictive maintenance strategy, emphasizing the role of data analytics and sensor technology in enhancing maintenance operations (Paolanti et al., 2018).

Furthermore, (Schmidt and Wang 2018) discuss the utilization of cloud-enhanced predictive maintenance, highlighting the critical role of maintenance in assembly and manufacturing for productivity and quality assurance. Their research supports the notion that predictive maintenance, facilitated by condition monitoring data, can significantly improve decision-making processes for maintenance activities, reinforcing the potential benefits for FBC in adopting such advanced maintenance strategies (Schmidt & Wang, 2018).

Additionally, (Fink 2019) contributes to the discourse on predictive maintenance by focusing on data-driven approaches to manage the health of industrial assets. This perspective is particularly relevant for FBC, suggesting that tailoring maintenance policies to the specific conditions and risks associated with conveyor system components can lead to improved asset availability and reduced life cycle costs (Fink, 2019).

The application of a reliability-centred maintenance (RCM) approach, as discussed by (Sicard et al. 2022), further complements the predictive maintenance strategy by focusing on the critical components of the conveyor system. This research underscores the importance of sensor selection, communication, and data analysis in implementing an effective IoT-based condition monitoring system, providing a roadmap for FBC to enhance its maintenance operations by integrating RCM principles (Sicard et al., 2022).

Preventative maintenance, as applied in industrial settings such as Fox's Burt's Biscuits (FBC), is underpinned by principles of mechanical engineering and reliability engineering, focusing on proactively managing equipment to enhance operational reliability and efficiency. This approach, which involves regular inspections and maintenance tasks, aims to identify, and mitigate potential failures before they escalate, thus extending the lifespan of critical machinery components (Changyou et al., 2014; Gao, Feng & Tan, 2014).

The rationale for adopting preventative maintenance from a mechanical engineering perspective emphasizes maintaining mechanical integrity to prevent wear and tear, crucial for systems like conveyor belts where any failure can significantly impact production (Wu, Chen, Wu & Wang, 2016; Wang et al., 2023). This strategy not only prevents unexpected breakdowns but also facilitates resource optimization and budgeting, leading to cost savings over time by planning maintenance activities in advance and focusing resources on critical needs (Kılıç, Ali, Weber & Dubey, 2014; Ruiz-Castro, 2014).

Moreover, preventative maintenance is pivotal in adhering to safety regulations within the manufacturing industry. Regular maintenance ensures machinery operates efficiently and safely, minimizing the risk of accidents and ensuring compliance with occupational safety standards (Sembiring, Tambunan & Devany, 2021; Molefe & Pradhan, 2022).

In summary, the adoption of preventative maintenance in environments like FBC's reflects its effectiveness in ensuring the reliability, safety, and efficiency of mechanical systems. This approach is rooted in the initiative-taking management of equipment, emphasizing the principles of mechanical and reliability engineering to prevent failures, optimize resource use, and maintain safety standards.




[bookmark: _Toc159927850][bookmark: _Toc159947355] A full evaluation of how the current approaches to maintenance could be improved. 

Improving a preventative maintenance strategy, while retaining its foundational approach, involves enhancing its efficiency, effectiveness, and adaptability through the integration of advanced mechanical engineering concepts and technologies. Here are several ways to optimize a preventative maintenance strategy to ensure it is utilized to its full potential:

[bookmark: _Toc159947356]Data-Driven Scheduling: Leverage data analytics to refine maintenance schedules based on historical performance data, wear patterns, and failure rates of components. This approach uses statistical analysis and machine learning algorithms to predict more accurately when maintenance should be performed, transitioning from a purely calendar-based to a more condition-based scheduling, thereby optimizing maintenance intervals and reducing unnecessary interventions (Azab, Nafea, Shihata & Mashaly, 2021; Cline, Niculescu, Huffman & Deckel, 2017; Zhai, Gehring & Reinhart, 2021).

[bookmark: _Toc159947357]Integration of Condition Monitoring Tools: Incorporate advanced condition monitoring technologies, such as vibration analysis, thermography, and ultrasonic testing, into the preventative maintenance routine. These tools enable real-time monitoring of equipment performance and health, allowing for the early detection of anomalies or deviations from normal operating conditions. By identifying potential issues before they escalate, maintenance can be more targeted and effective (Chen, Zhu, Shi, Lu & Jiang, 2021; Zhang, Yang & Wang, 2019).

[bookmark: _Toc159947358]Reliability-Centred Maintenance (RCM) Principles: Adopt RCM principles to tailor the preventative maintenance strategy more closely to the specific needs and risks associated with different equipment. This involves conducting a detailed analysis of equipment functions, potential failure modes, and the consequences of failures. By focusing on critical components and utilizing failure mode effects analysis (FMEA), maintenance efforts can be prioritized based on the impact on overall system reliability and performance (Cho, May, Tourkogiorgis, Pérez, Lázaro, de la Maza & Kiritsis, 2018; Gutschi, Furian, Suschnigg, Neubacher & Voessner, 2019).

[bookmark: _Toc159947359]Enhanced Training and Skills Development: Ensure that maintenance personnel are thoroughly trained in the latest maintenance techniques, diagnostic tools, and technologies. A well-informed and skilled workforce can identify potential issues more accurately, perform maintenance tasks more efficiently, and contribute to the continuous improvement of the maintenance process.

[bookmark: _Toc159947360]Implementing a Feedback Loop: Establish a systematic feedback loop where insights and data collected during maintenance activities are analysed and used to inform future maintenance practices. This includes documenting all maintenance actions, observed conditions, and any deviations from expected performance. This continuous learning approach allows for the iterative refinement of maintenance procedures, schedules, and strategies based on actual equipment performance and maintenance outcomes.

By embracing these enhancements, a preventative maintenance strategy can be significantly improved, ensuring it is both efficient and effective. These improvements align with the principles of mechanical engineering by emphasizing the importance of data-driven decision-making, condition monitoring, and continuous improvement in maintaining the reliability and efficiency of mechanical systems.

To enhance the existing preventative maintenance strategy for the conveyor system at Burton's Biscuits factory, incorporating analytical tools such as the P-F Curve and FMECA is essential. These methodologies offer a strategic approach to understanding failure dynamics and prioritizing maintenance activities, directly impacting the conveyor's reliability and efficiency.

[bookmark: _Toc159947361]P-F Curve Application: The P-F Curve, illustrating the timeline between a potential failure (P) becoming detectable and escalating to a functional failure (F), can be crucial for the conveyor system. By applying this tool, maintenance teams at Burton's Biscuits can monitor the conveyor's critical components—such as rollers, belts, and motor gearboxes—for early signs of wear or failure. Identifying these early warnings allows for timely maintenance interventions before these issues lead to system downtime or significant damage. This approach ensures the conveyor operates efficiently, minimizing unexpected breakdowns and extending the lifespan of its components.
[bookmark: _Toc159937178]Figure 2 - P to F curve example.

















[bookmark: _Toc159947362]FMECA Integration: Implementing Failure Modes, Effects, and Criticality Analysis (FMECA) enables a thorough examination of the conveyor system. By systematically analysing each component's potential failure modes and assessing their impact on the conveyor's operation, FMECA helps prioritize maintenance tasks based on the criticality and likelihood of these failures. This analysis ensures that maintenance efforts are focused on areas with the highest risk and potential impact on production continuity. For example, if FMECA identifies that motor gearbox failure could lead to significant downtime, preventive measures can be prioritized for this component, enhancing the overall reliability of the conveyor system.

Incorporating these tools into the preventative maintenance strategy requires a detailed understanding of the conveyor's operational characteristics, potential stress points, and failure modes. Regular data collection and analysis, informed by mechanical engineering principles, are crucial for interpreting signs of wear and predicting potential failures. This strategic approach not only optimizes maintenance schedules but also aligns with reliability engineering practices, ensuring that maintenance resources are effectively allocated to maintain the conveyor system's operational efficiency and safety within the Burton's Biscuits factory.







The integration of condition monitoring with predictive maintenance is underscored by the work of (Paolanti et al. 2018), who developed a Machine Learning architecture for Predictive Maintenance in Industry 4.0, showcasing how continuous monitoring can pre-empt severe economic losses due to unexpected equipment failures. This approach aligns with FBC's move towards a predictive maintenance strategy, emphasizing the role of data analytics and sensor technology in enhancing maintenance operations (Paolanti et al., 2018).

Furthermore, (Schmidt and Wang 2018) discuss the utilization of cloud-enhanced predictive maintenance, highlighting the critical role of maintenance in assembly and manufacturing for productivity and quality assurance. Their research supports the notion that predictive maintenance, facilitated by condition monitoring data, can significantly improve decision-making processes for maintenance activities, reinforcing the potential benefits for FBC in adopting such advanced maintenance strategies (Schmidt & Wang, 2018).

Additionally, (Fink 2019) contributes to the discourse on predictive maintenance by focusing on data-driven approaches to manage the health of industrial assets. This perspective is particularly relevant for FBC, suggesting that tailoring maintenance policies to the specific conditions and risks associated with conveyor system components can lead to improved asset availability and reduced life cycle costs (Fink, 2019).

The application of a reliability-centred maintenance (RCM) approach, as discussed by (Sicard et al. 2022), further complements the predictive maintenance strategy by focusing on the critical components of the conveyor system. This research underscores the importance of sensor selection, communication, and data analysis in implementing an effective IoT-based condition monitoring system, providing a roadmap for FBC to enhance its maintenance operations by integrating RCM principles (Sicard et al., 2022).

[bookmark: _Toc159927851][bookmark: _Toc159947363]A consideration of costs and resources required to implement proposed changes.

Preventative maintenance, while a cornerstone in ensuring the reliability and efficiency of mechanical systems like the conveyor at Burton's Biscuits factory, comes with its set of challenges and benefits. This strategy, chosen for its proactive approach, minimizes unplanned downtime and extends the lifespan of equipment by scheduling regular maintenance tasks. However, it is not without its downsides, including the potential for over-maintenance, unnecessary costs, and the overlooking of unpredictable failure modes (Wan et al., 2017).

The key advantage of preventative maintenance lies in its ability to prevent failures before they occur, which is critical in a manufacturing environment where downtime can lead to significant production losses and increased operational costs (Kang & Subramaniam, 2018). By regularly checking components such as rollers, web tension, and motor gearboxes, the likelihood of sudden breakdowns decreases, ensuring a smoother, more reliable production line.

On the other side, a one-size-fits-all approach to preventative maintenance can lead to inefficiencies. Maintenance activities may be performed more frequently than necessary, consuming resources and time that could be better used elsewhere (Aghezzaf et al., 2016). Furthermore, this strategy might not account for the varying conditions and stresses various parts of the conveyor system experience, leading to premature maintenance of some components while potentially neglecting others until failure occurs (Angius et al., 2016).

Improving the current maintenance strategy at Burton's Biscuits could involve integrating more sophisticated methodologies like the P-F Curve and FMECA, which allow for a more nuanced understanding of equipment failure and prioritization of maintenance efforts. Implementing these changes, however, requires careful consideration of costs and resources. The initial investment in condition monitoring technologies and training for staff to analyse and interpret data effectively can be substantial. Yet, these costs must be weighed against the potential savings from reduced downtime and more efficient use of maintenance resources (Ni et al., 2015).

Change management plays a crucial role in transitioning to an enhanced maintenance strategy. It involves managing the human element of change, ensuring all stakeholders are aligned with the innovative approach. This process includes training for maintenance personnel on modern technologies and methodologies, adjusting maintenance schedules based on data-driven insights, and fostering a culture of continuous improvement. Effective communication and engagement are key to mitigating resistance and ensuring a smooth transition (Klos, 2018).

Ultimately, by carefully planning the implementation of advanced maintenance practices and managing the change process effectively, Burton's Biscuits can achieve a more efficient, cost-effective maintenance regime. This not only enhances the reliability and performance of the conveyor system but also supports the overall operational excellence of the factory.





























[bookmark: _Toc159927852][bookmark: _Toc159947364]Conclusions and recommendations
In conclusion, the comprehensive analysis of the preventative maintenance strategy currently employed by Fox's Burt's Biscuits (FBC) for their conveyor system reveals a nuanced landscape of mechanical reliability, efficiency, and the ongoing quest for optimization. Through the examination of literature and industry practices, it becomes evident that while the preventative approach underpins the foundational reliability of the conveyor system, there is ample room for enhancement through strategic integration of advanced methodologies and technologies.

Short-term solutions should focus on refining the existing preventative maintenance schedule, leveraging the P-F Curve and FMECA to identify and address the most critical failure modes more accurately. This could involve more precise scheduling of maintenance activities based on actual condition monitoring data rather than relying solely on time-based intervals. The immediate benefits would include reduced downtime and a more targeted allocation of maintenance resources, potentially leading to cost savings even within the constraints of the current strategy (Patidar, 2019).

Medium-term improvements could see the integration of advanced condition monitoring technologies, employing vibration analysis, thermography, and other non-invasive diagnostics tools. These technologies would enable real-time monitoring of the conveyor system's health, transitioning towards a more predictive maintenance model. This shift would require an upfront investment in technology and training but promises significant returns in terms of enhanced efficiency, reduced unexpected failures, and optimized maintenance operations (Altehmazi, Suliman, & Al-Alawi, 2017; Chalabi, Dahane, Beldjilali, & Neki, 2016).

Long-term, the goal should be to fully embrace a predictive maintenance strategy supported by a robust framework of data analytics, IoT devices, and machine learning algorithms. This evolution would represent a holistic shift in how maintenance is approached, moving away from reactive and time-based models to a dynamic, condition-based strategy. Such a transformation would necessitate a comprehensive change management process, addressing not only the technical and financial aspects but also the cultural shift within the maintenance department towards continuous learning and adaptation (Aghezzaf, Khatab, & Tam, 2016; Khatab, 2018).

Implementing these recommended changes, however, comes with its set of challenges, notably the initial cost outlay for advanced monitoring equipment and the training required to effectively interpret and act on the data collected. Moreover, the transition to a more sophisticated maintenance regime would entail notable change management efforts, requiring buy-in from all levels of the organization, from frontline maintenance staff to upper management (Xiao, Song, Chen, & Coit, 2016; Wan et al., 2017).

In essence, optimizing the preventative maintenance strategy at FBC requires a balanced approach, incorporating immediate practical improvements and laying the groundwork for a more predictive, data-driven future. Such a strategy not only enhances the operational reliability and efficiency of the conveyor system but also aligns with broader industry trends towards smarter, more sustainable manufacturing practices.
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PLEASE ENSURE LOCK OFF PROCEDURE IS FOLLOWED

Carry out inspection / replacement on the following if applicable to the equipment:
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Check all rollers for lift and ensure ALL rollers are free turning.

Check condition of drive roller and drum lagging. Record roller dimensions (diameter, width, rubber thickness)
Measure shore hardness of rubber roller if applicable. Please record in sign off notes.
Check all bearings on tension roller. Replace if necessary.

Check all bearings on nose rollers. Replace if necessary.

Check all bearings on drive rollers. Replace if necessary.

Check the drive chain / drive belts. Replace if necessary.

Check mesh gears for wear. Replace if necessary.

Inspect the web tracking equipment and ensure it is operational. Repair if necessary.
Inspect web tension system and check in full working order.

Check oil levels in gearbox and top up if required.

Check condition of the web and report if any issues.

Check all guarding is secure and correctly in place.

Check all electric motor covers in place and secure.

Ensure no cardboard or sellotape engineering in place.

Check all transfers are acceptable for product.

©On completion of work, where appropriate, please ensure all equipment

is turned off and consuming the minimum practical amount of energy.
Repair any compressed air leaks in the vicinity of your work area.
HAVE YOU BOOKED ANY PARTS OUT OF THE STORES?
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