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[bookmark: _Toc132709406]1.0 Introduction
This report will investigate the concept of improving supply chain performance, specifically investigating maintenance. Maintenance involves the functional checks, servicing, repairing or replacing of necessary devices, equipment or machinery. Maintenance can be required on machinery through an international supply chain, but understanding what the potential risks are is important. This can be carried out through using an FMEA form of risk assessment, and this report will look to understand ways of making the process more resilient. 
The company Wall Colmonoy, located in Swansea, UK, uses an automatic fettling machine, which is used to grind away feeding systems on some of their investment casting parts. The machine was supplied by a company in Australia, A W Bell. Despite having different bases around the world, the Australian base is the only specialist for this type of machinery, which means that they are the most suitable to support with maintenance on the machine. 
Maintenance as a service is incorporated into a business model where companies can outsource maintenance activities to third-party service providers. This approach is becoming increasingly popular as it allows companies to focus on their core business while ensuring that their equipment and facilities are properly maintained. However, managing a maintenance international supply chain can be challenging, as it involves coordinating activities across multiple countries and cultures, (Marquez, 2020). This report will critically analyse the maintenance international supply chain using FMEA analysis and evaluate six steps that could be taken to make it more resilient.
Maintenance is an important aspect of keeping any machine running smoothly and efficiently, and through an article discussing “Maintenance Fundamentals”, (Mobley, 2004) for an automatic fettling cut off machine, the following maintenance tasks may be required for this type of machine:
1. Cleaning: Regularly cleaning the machine and its components can prevent build-up of dust, debris, and other materials that can interfere with the machine's performance.
2. Lubrication: Moving parts of the machine should be lubricated to ensure smooth and consistent operation.
3. Inspection: Regularly inspecting the machine for any signs of wear, damage, or malfunction can prevent small issues from turning into major problems.
4. Calibration: The machine may need to be calibrated periodically to ensure accuracy and precision in its cutting operations.
5. Replacement of worn or damaged parts: If any parts of the machine become worn or damaged, they should be replaced promptly to prevent further damage to the machine.
It is important to follow the manufacturer's recommendations for maintenance tasks and intervals for the specific make and model of a machine. A well-maintained machine can help ensure consistent and reliable performance, as well as prolong the machine's lifespan, (Moubray, 2004).
An international supply chain refers to the complex network of businesses, individuals, and resources involved in the production, transportation, and distribution of goods and services across international borders. International supply chains typically involve multiple countries and regions, with different stages of production and distribution taking place in different locations around the world. For example, raw materials may be sourced from one country, processed in another, assembled in yet another, and finally shipped to various markets around the globe, (Rushton, 2007).
The complexity of international supply chains can be influenced by factors such as trade regulations, transportation logistics, language barriers, cultural differences, and political instability. Effective management of an international supply chain requires careful planning, coordination, and communication among all parties involved, from suppliers and manufacturers to distributors and retailers. In recent years, advancements in technology and increased globalisation have made international supply chains more interconnected and interdependent than ever before, with many businesses relying on global sourcing and distribution to remain competitive in the global market, (Bowersox, 2013).
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Carrying out a risk assessment on an international supply chain is important because it helps identify potential risks and vulnerabilities in the supply chain and allows businesses to develop strategies to mitigate those risks, (Kumar, 2018). 
An article by Chaudhuri (2013), discusses some of the main reasons why a risk assessment could be important for an international supply chain:
· Identify potential disruptions: By conducting a risk assessment, businesses can identify potential disruptions to their supply chain, such as natural disasters, political instability, or changes in regulations, and develop contingency plans to minimise the impact of these disruptions.
· Improve resilience: A risk assessment helps businesses understand the vulnerabilities of their supply chain and take proactive steps to improve the resilience of their supply chain. This may include diversifying suppliers, implementing redundant systems, or developing alternative transportation routes.
· Protect against reputational damage: If a business is associated with an incident in its supply chain, such as a labour violation or environmental damage, it can damage its reputation and result in lost customers. By conducting a risk assessment, businesses can identify potential reputational risks in their supply chain and take steps to mitigate them.
· Comply with regulations: International supply chains are subject to a variety of regulations and standards, such as environmental regulations, labour laws, and trade regulations. By conducting a risk assessment, businesses can ensure they are following these regulations and avoid potential penalties.
Overall, a risk assessment is an important tool for businesses to identify potential risks and vulnerabilities in their international supply chain, and to develop strategies to mitigate those risks and protect their operations, a tool of completing a risk assessment is using a FMEA (Failure Mode & Effects Analysis), (Punniyamoorthy, 2013).
Below Figure 1, is a risk assessment using an FMEA Analysis, discussing concerns/issues with maintaining machinery within Wall Colmonoy using an international supply chain.
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[bookmark: _Toc132628134]Figure 1 : FMEA
FMEA stands for Failure Mode and Effects Analysis. It is a structured method used in product development, engineering, manufacturing, and other industries to identify and analyse potential failures and their effects on a system or process. The purpose of an FMEA is to proactively identify potential failure modes, assess the likelihood of their occurrence, and evaluate the severity of their potential consequences. By doing so, organisations can prioritise and implement appropriate measures to prevent or mitigate potential failures, reduce risks, and improve product quality and reliability, (Mangla, 2018). An FMEA typically involves a cross-functional team of experts who analyse the design or process and identify potential failure modes, their causes, and their effects. The team then assigns a severity rating to each potential failure mode, as well as ratings for its likelihood of occurrence and detectability. These ratings are used to calculate a risk priority number (RPN) for each potential failure mode, which helps the team prioritise and address the most critical issues first (Lo, 2018).
To conduct an FMEA analysis of a maintenance international supply chain, the process, product, or service being delivered must be understood, and the potential failure modes that could occur. Initially a team was created within Wall Colmonoy to undertake and review the FMEA. The team consisted of a quality engineer, maintenance manager, castings manager and shopfloor operator.
The FMEA was then carried out, through the following steps being complete, (Geramian, 2020);
Step 1
Identify the process, which was maintenance activities across an international supply chain, including servicing and the supply of spare parts. 
Step 2
Identify the potential failure modes:
· Delay in obtaining spare parts, due to if the company needed the part urgently for production, there would be a natural delay due to the location of where the spares were coming from.  
· Quality issues with spare parts, like delay of spare parts, as if spares were to come in and not be of suitable quality, there would be another delay to get replacements sent in. 
· Lack of trained technicians, there are multiple areas a maintenance team may need to cover, with some machinery more complex than others. For the specific machine being investigated, the automatic fettling machine, the training/understanding isn’t available for the internal maintenance team, without investment made. 
· Transportation delays or damages
· Political instability or unrest in the sourcing or delivery countries
· Natural disasters, such as hurricanes or earthquakes, disrupting maintenance activities.
Step 3
Determine the severity of each failure mode on a scale of 1-10, It ranges from 1 to 10 with 10 being the most severe and 1 being least severe. The severity of all the potential failure modes would be high, 9 was given from Wall Colmonoy, as they would all essentially lead to downtime in machinery, which is therefore costing the business. 
Step 4
Determine the frequency of each failure mode on a scale of 1-10. Occurrence or frequency is usually rated where 1 is extremely unlikely for the failure mode to occur and 10 is inevitable. Most of the failure modes for the maintenance though an international supply chain is unlikely to happen, with the main exception being the internal maintenance. Such as if there are any moments when there are issues/problems with the machine. If the maintenance team don’t have the knowledge or experience, there will be a delay getting back to A W Bell (Australian supplier) to get support. 
Step 5
Determine the detectability of each failure mode on a scale of 1-10. where 1 means the controls in place is certain to detect the problem and 10 means the control is certain not to detect the problem (or no control exists). Again, similar to frequency, the main concern is the maintenance team not fully understanding the equipment, which means it is difficult for them to detect if there are any issues with the machine. 
Step 6
Then Risk Priority Number (RPN) is calculated, by multiplying the severity, frequency, and detectability scores. Often a company, such as with Wall Colmonoy, would create a template FMEA to work off, so that the calculations such as with the RPN, are worked out for the individual undertaking the FMEA, saving the need for a calculator. 
Step 7
Once the failure modes have been identified and the RPN calculated for each, the issues can be prioritised, to determine what will need immediate attention and implement mitigation strategies to minimise the impact. Wall Colmonoy would rank the different issues based on the number of issues there are for that respective risk assessment. In this case, with there being 6, the first and main concern being the training of internal maintenance. Due to the cost of having A W Bell come over or individuals from Wall Colmonoy go to Australia would be too expensive. This was addressed by utilising training courses over Microsoft Teams for a basic understanding of the equipment. This didn’t remove the risk entirely, but it reduced it, as if there were any issues with the machinery, the aim of having a basic understanding of how to solve the concerns, there would be more confidence that the machine wouldn’t be in downtime for too long. The maintenance manager was responsible for scheduling in the training, while also discussing with production manager to ensure it was understood when down timing concerns could be assessed internally instead. 
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3.0 Six Steps to Make Maintenance Servicing Through an International Supply Chain More Resilient
[bookmark: _Toc132709409]3.1 Build a Robust Spare Parts Inventory Management System
Companies can build a robust spare parts inventory management system, to ensure that they have the required spare parts available when needed. This can include maintaining buffer stocks of critical spare parts, using predictive maintenance techniques to anticipate failures, and having a robust system for tracking spare parts usage, (Wild, 2018). 
An inventory management system is a software-based solution that helps businesses track and manage their inventory levels, sales, and orders. It provides real-time visibility into the quantity and location of items in stock, as well as the ability to monitor inventory movements, set reorder points, and generate reports. Inventory management systems is often used by businesses to optimise their supply chain operations and improve customer service, (Muller, 2011).
A typical inventory management system will have several key features, including:
· Inventory tracking
· Sales and order management
· Reorder management
· Reporting and analytics
For an example, the company Airbus has implemented an inventory management system that uses real-time data to optimise spare parts inventory levels, this has supported the company to improve its supply chain management, (Jason, 2010).
[bookmark: _Toc132709410]3.2 Standardise Maintenance Processes
Companies can standardise maintenance processes across their international supply chain to ensure consistency in service delivery. This can include developing standard operating procedures (SOPs), providing training to technicians, and using digital tools to standardise processes, (Shi, 2014). 
Standardising maintenance procedures involves creating a set of documented procedures that define the steps required to perform maintenance activities consistently and efficiently. The goal is to ensure that maintenance activities are performed to a consistent standard, regardless of who is performing them or where they are being performed. Standardised maintenance procedures typically include step-by-step instructions, safety precautions, required tools and materials, and expected outcomes. By standardising maintenance procedures, organisations can reduce variability in maintenance activities, improve the quality of maintenance work, and ensure compliance with safety regulations and industry standards. Standardisation can also help organisations identify best practices and areas for improvement in their maintenance processes, (Soares, 2022).. 
Standardising maintenance procedures is particularly important in industries such as manufacturing, where equipment downtime can have a significant impact on production and profitability. By having a standardised maintenance process in place, organisations can minimise downtime and ensure that equipment is properly maintained and available when needed. An example of an organisation that has implemented such procedures is Rolls-Royce, who have developed a digital platform that provides standardised maintenance procedures across its global network, (Soares, 2022).
[bookmark: _Toc132709411]3.3 Establish Strong Relationships with Service Providers
Companies should establish strong relationships with their service providers to ensure that they have access to the required expertise and resources. This can include collaborating with service providers to develop contingency plans, providing training to service providers, and conducting regular audits to ensure compliance with standards. For example, GE has established a global network of service providers who are trained and certified to provide maintenance services, (Pelser, 2019).
Establishing strong working relationships with service providers is essential for ensuring that they understand business needs and can provide the best possible service. Below are some steps that can be taken to establish strong working relationships with your service providers, (Framingham, 2010):
· Communicate business needs, expectations, and goals to these service providers clearly and consistently. Ensure that requirements and needs are understood.
· Trust is essential for any successful business relationship. Build trust by delivering on promises, being transparent, and keeping lines of communication open.
· Set clear expectations for service delivery, including timelines, quality standards, and pricing. Ensure that both parties understand the terms of the agreement.
· Provide feedback to service providers regularly, both positive and negative. This will help improve service delivery and strengthen the relationship.
· Work collaboratively with service providers to identify opportunities for improvement, cost savings, and other benefits. Encourage service providers to share their knowledge and expertise with team.
· Monitor the performance of service providers regularly to ensure that they are meeting expectations. Use performance metrics to track progress and identify areas for improvement.
[bookmark: _Toc132709412]3.4 Leverage Technology to Improve Service Delivery
Companies can leverage technology to improve the efficiency and effectiveness of maintenance activities. This can include using digital tools to track maintenance activities, implementing predictive maintenance techniques to anticipate failures, and using remote monitoring to reduce the need for on-site visits. For example, Siemens has developed a digital twin platform that allows maintenance technicians to simulate maintenance activities and optimise maintenance schedules, (Mason, 2006).
Leveraging technology can help organisations improve service delivery by streamlining processes, reducing costs, and enhancing customer experience. By leveraging technology in these ways, organisations can improve service delivery, reduce costs, and enhance customer experience, thereby gaining a competitive advantage in their markets, (Abel, 2012).
[bookmark: _Toc132709413]3.5 Develop Contingency Plans 
Companies should develop contingency plans to deal with any potential disruptions to maintenance activities. This can include pre-positioning spare parts and resources in strategic locations, developing backup service providers, and developing a communication plan to ensure that all stakeholders are informed. For example, Shell has developed a contingency plan that includes pre-positioning spare parts and resources in key locations and developing a backup service provider network, (Childs, 2002).
Overall, developing contingency plans is important because it helps organisations prepare for the unexpected, reduce risks, maintain business continuity, protect employee safety, manage reputation, and comply with regulations. By investing in contingency planning, organisations can improve their resilience and adaptability, and be better prepared to respond to any eventuality, (Rodgers, 2012).
[bookmark: _Toc132709414]3.6 Monitor Performance
Monitoring performance in an international supply chain can help to make maintenance servicing more resilient by identifying potential issues early on, implementing predictive maintenance, improving efficiency, and holding suppliers accountable for their performance. By taking these steps, the supply chain can operate more smoothly and with less downtime, even in the face of unexpected challenges, (Heckman, 2002).
Monitoring maintenance performance is important to ensure that maintenance activities are carried out efficiently and effectively. By monitoring maintenance performance, organisations can identify areas for improvement, reduce costs, and enhance equipment reliability. For example, multiple company’s such as Wall Colmonoy have implemented a preventive maintenance program to ensure that their equipment is properly maintained and to minimise the risk of unplanned downtime. The company set key performance indicators (KPIs) to measure the effectiveness of the maintenance program, (Estiko, 2022).


















4.0 Conclusion / Further Work
In conclusion, maintaining machinery through an international supply chain is crucial for ensuring the smooth and efficient operation of businesses. By implementing effective maintenance strategies, such as regular cleaning, lubrication, inspection, calibration, and replacement of worn or damaged parts, businesses can prolong the lifespan of their machinery and minimise downtime and repair costs.
However, maintaining machinery through an international supply chain can be challenging due to the complexity and interdependence of the supply chain, as well as factors such as language barriers, cultural differences, trade regulations, transportation logistics, and political instability. Therefore, it is important to conduct a risk assessment to identify potential risks and vulnerabilities in the supply chain, and to develop strategies to mitigate those risks and improve the resilience of the supply chain, (Kunreuther, 2019).
One potential area for further research is the use of advanced technologies, such as artificial intelligence (AI) and the Internet of Things (IoT), to improve the maintenance and monitoring of machinery in an international supply chain. For example, AI can be used to analyse data from sensors and other sources to predict and prevent machine failures, while IoT can enable remote monitoring and control of machinery across the supply chain, (Elsevier, 1989).
Another potential area for further research is the development of more sustainable maintenance practices that consider environmental and social considerations. For example, businesses can adopt circular economy principles, such as repairing and repurposing machinery instead of disposing of it, to reduce waste and emissions and promote a more sustainable supply chain. They can also adopt fair labour practices and ethical sourcing policies to ensure that the maintenance of machinery is carried out in a responsible and sustainable manner, (Gross, 2002).
In addition, further research can be done on the impact of new technologies and trends, such as 3D printing and blockchain, on the maintenance of machinery in an international supply chain. For example, 3D printing can enable on-demand production of spare parts, reducing the need for extensive inventories and transportation of parts across the supply chain. Blockchain can provide a secure and transparent platform for tracking and verifying the maintenance history of machinery across the supply chain, enhancing trust and accountability among supply chain partners, (Vujovic, 2021).
Overall, maintaining machinery through an international supply chain is a complex and challenging task that requires careful planning, coordination, and communication among all parties involved. By conducting a risk assessment and implementing effective maintenance strategies, businesses can improve the resilience of their supply chain and ensure the smooth and efficient operation of their machinery. Further research can help identify new opportunities and strategies for improving the maintenance and resilience of machinery in an international supply chain.
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