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[bookmark: _Toc134564088]Abstract

This report looks into supply chain risk management through FMEA analysis and how supply chain risk management can be improved. 
An introduction to the main topics was carried out which includes the international supply chain, supply chain management and Failure Mode Effects Analysis. FMEA was first developed in the late 1940’s and is a technique still widely used today. This technique was uses to analysis the supply chain of electric motors. By completing this analysis the RPN number will clearly identify the greatest risks and provide additional actions that can be taken.
The second part of the report looks at how the supply chain can become more resilient. 6 stages have been identified to improve the resilience with is required to maintain a competitive advantage and provide long term business success.




















[bookmark: _Toc134564089]Introduction

This report will look to critically analyse the international supply chain of an electrical motor. The electric motor requires multiple individual components to be manufactured from raw materials around the world. At a minimum a motor will require a rotor, stator housing, copper windings, bearings, ensheilds, grease plates, terminal box, cooling fan and fan cowl. These components will be manufactured from a variety of materials and will require assembling and various stages. Sub components and castings have commonly been manufactured in Asia before being shipped to Europe for winding and assembly. This has made the supply chain particular venerable to delays as a result of chokepoints and the Covid pandemic. These disruptions have resulted in a large increase to the cost of logistics and the amount of uncertainties relating to the supply of goods (Li, 2023).  It is estimated that 80% of international trade involves the use of shipping which emphasises the importance on any supply chain (Pratson, 2023).
The report looks to carry out a risk assessment using the FMEA analysis tool. This analysis will assist with identifying vulnerabilities within the international supply chain and recommending actions that can be taken to mitigate the risk. On completion of the FMEA analysis research will be carried out to identify the appropriate steps that can be taken to improve supply chain resilience.
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An international supply chain is a complex network of organisations involved with the creation, production, distribution of a product from raw material to end user. Many businesses have developed international supply chains which include various ‘value adding’ processes in multiple continents in order to create a final product with a competitive advantage (Levy, 197). As a result, International supply chains face further complexities due to the requirement of complex logistics, geopolitical risks and cultural differences. Satisfaction is often contributed by lower costs, improved quality and reduced lead time. All of which will be reliant on the successfulness of the relevant supply chain. Furthermore, the supply chain has become increasingly globalised as a result of international connectivity (Yang, 2023). 
Figure 1 shows the common steps to any supply chain:
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[bookmark: _Toc134555608]Figure 1 - Fundamental Steps of Supply Chain
[bookmark: _Toc134564091]Supply Chain Management

Supply chains are under increased pressure and strain as a result of recent global events and an over reliance on global supply chains (Zhao, 2023). These events have repeatedly disrupted multiple supply chains which has resulted in a significant impact to short-term performance (Tang, 2006).   Due to the on-going pressures, effective supply chain risk management is required. Successfully implemented supply chain risk management (SCRM) is critical when looking to reduce business risk and maintain or improve overall customer satisfaction (Curkovic, 2013).  SCRM refers to how a business looks to manage the flow of materials or products, including the processes involved with adding value to the raw material. Risks need to be managed both internally and externally. An example of an internal risk would be changes to the experienced and skilled personnel, an example of an external risk would be unforeseen external demand for the required raw material.  Risk management techniques need to be implemented to effectively manage these risks.
[bookmark: _Toc134564092]Failure Mode Effects Analysis – FMEA

FMEA is a risk management tool which stands for Failure Mode and Effects Analysis. This is a methodology which dates back to 1949 where it was used by the United States military (Tippett, 2004). It looks to assess risk by identifying any potential failure modes of a service or product. Once the initial failure has been identified the tool will look to evaluate the potential impact on the process. The potential effect of the failure will be categorised based on the criticality to the process. Each individual step of the supply chain will need to be analysed in order to develop a detailed risk mitigation plan. There are a number of benefits associated with the FMEA methodology such as early identification of potential failure modes, risk identification and prioritisation of the corrective actions required (Haq, 2011). As a result this will provide opportunity to reduce costs throughout the supply chain, increase customer satisfaction and enable improved decision making. Whilst there are many benefits, FMEA does require expert knowledge of the process and can be quite time consuming to complete (Hodge, 2014). FMEA is widely used in multiple industries such as manufacturing, automotive and aerospace.
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[bookmark: _Toc134555609]Figure 2 - FMEA Template
Figure 2 shows the FMEA template that will be used for the chosen supply chain. The top row includes the major headings and the row below gives a description of what is involved. Each process step of the supply chain will be listed and analysed. One of the most important components to this table is the ‘RPN’. This RPN (Risk Priority Number) is the total of severity X occurrence X detection. Severity The processes with the highest PRN number will carry the greatest risk and should be the starting point for preventative actions. Table 1, 2 & 3 below will explain the criteria for each rating number:





	Degree of Severity

	Severity 
	Description
	Rating

	High
	The failure has or is likely to result in an unsafe condition and/or a breach of government regulations. A no warning failure would result in the highest rating (10)
	9 - 10

	Medium – High
	Can cause disruption to multiple processes and resulting a high level of customer dissatisfaction. Potential for damage to reputation.
	7 – 8

	Medium
	The effects have resulted in customer dissatisfaction. Causing delays and or damage to equipment
	4 – 5 - 6

	Low – Medium
	A failure would cause some disruption without effecting the process too much
	2 – 3

	Low
	Unlikely for a failure to cause disruption to the process or supply chain
	1 


[bookmark: _Toc134555650]Table 1 - Degree of Severity Rating
Table 1 shows the degree of severity off the effect to the customer. The lowest rating will be 1 and the highest rating for an unsafe condition will be 10.
	Probability of Failure Occurrence

	Probability 
	Description
	Rating

	High
	Failure is imminent and expected

	9 - 10

	Medium – High
	Failures have been common during previous experience

	7 – 8

	Medium
	Failures have occurred occasionally 

	4 – 5 - 6

	Low – Medium
	Under certain limited conditions there is a chance of failure

	2 – 3

	Low
	Highly unlikely for a failure to occur 

	1 


[bookmark: _Toc134555651]Table 2 - Probability of Failure Occurrence
Table 2 gives a breakdown of the occurrence rating, this is the frequency which the failure is likely to occur. The least likely to occur will receive a rating of 1 and the most likely will receive a rating of 10
	Probability of Detection

	Probability
	Description
	Rating

	Low
	Unable to detect the problem

	9 - 10

	Low – Medium
	Strong probability that the problem will not be detected

	7 – 8

	Medium
	Control measures have detected some problems whilst also missing some 
	4 – 5 - 6

	Medium - High
	Strong possibility that the measures in place will detect a problem

	2 – 3

	High
	Highly likely that any control measures in place will detect a problem

	1 


[bookmark: _Toc134555652]Table 3 - Probability of Detection
Table 3 shows the rating for the probability of detection. The Rating points are different on this table as the lowest probability will receive the highest rating and the highest probability ill receive the lowest rating. 
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[bookmark: _Toc134555610]Figure 3 - FMEA Analysis
Figure 3 shows the completed FMEA analysis for the global supply chain of an electric motor.  The analysis contains the main stages and venerability’s that will be faced.  There is an RPN rating for before and after the additional actions have been implemented.  The aims is to reduce the RPN value as much as reasonably practicable.
[bookmark: _Toc134564095]Steps to Make the Supply Chain More Resilient 

International supply chains are complex and will face continual challenges that will test the stability. Many business have identified supply chain risk as the greatest threat to their business (Pettit, 2010). As a result it is vitally important to identify step that can be taken to make the supply chain more resilient. Resilience is an evolving concept that differs from traditional risk management (Pettit, 2010). Supply chain resilience is a concept where a supply chain has the ability to withstand external and internal disruptions and has the ability to quickly recover from any damaged caused. These abilities are critically important for long term business success (Li, 2023). Building resilience into the supply chain is becoming ever more important. 
Below are 6 steps that could be implemented to improve the resilience of the electric motor supply chain:
[bookmark: _Toc134564096]Diversity of suppliers
Diversifying the supplier base will reduce the dependency on a particular manufacturer or supplier. By doing so it should provide alternative routes to raw materials, potentially from different continents, and access to different pools of labour which will increase the resilience against local and international disruptions. Additionally not all disruptions are caused by external factors, internal factors are likely to only cause disruption to one supplier at any given time.  As a result, using multiple suppliers allows the business the opportunity to mitigate this risk.
An example of this would be Covid 19 lock downs and the blocked Suez Canal where shipping lead times from Asia to Europe double or trebled. Additionally the cost of these products also soared partly due to the lack of container space and congested ports (Li, 2023).  Bottle necks were created for the manufacturing of electrical motors as multiple components are firstly manufacture in Asia before having value adding tasks completed in Europe. An alternative European based manufacturing plant would help to ease the pressure during these events. There are a number of different manufacturers and distributors for each although specialist motors would be more difficult to source. 



[bookmark: _Toc134564097]Supplier Auditing
Supplier auditing is a process required to ensure all parties of the supply chain meet industry standards and ethical values. Auditing is a critical component of supply chain management and the value is widely recognised across all industries (Jeter, 2008). Auditing for the supply chain of electrical motors should be carried out at multiple stages and will involve pre-defined criteria that will need to be met. Successful auditing will ensure the suppliers are operating as agreed and are following the required quality standards, provide an opportunity to mitigate risk and help identify issues before they occur. By carrying out the audits regularly it will improve familiarity and relations.
[bookmark: _Toc134564098]Technology
Investment in new technology and equipment is required to improve the resilience of the supply chain. This can assist with tracking of products or components that are moved around the globe and aim to reduce shipping costs by understanding when demand is low. Supply chain technology can assist with evaluating data and gain vitally important data on areas such as customer demand, supplier lead times and transportation availability. Many processes involved in manufacturing electrical motors have also started to become automated. This will allow for increased output and mitigate the risk of skills shortages (Stockarea, n.d.)
[bookmark: _Toc134564099]Supplier Relations
Strong supplier relationships and familiarity are required to improve communication and collaborations. These relationships are developed by regularly dealing with the same companies and having face to face contact at regular intervals. When a strong relationship has been developed the purchasing process will be streamlined, the company should gain a competitive advantage through knowledge sharing, have the ability to fully utilise the suppliers capabilities, gain visibility of future prices and visibility of future product availability (Choi, 204).

[bookmark: _Toc134564100]Implement Risk Management 
There are many supply chain risk management tools available which can improve the resilience of the supply chain. By conducting these procedures on a regular basis it will provide the greatest opportunity to implement strategies to mitigate these risks and develop contingency plans.  Planning for crisis has been widely encouraged due to the unpredictability of extreme weather, political issues and natural disasters (Kerstin Eriksson, 2011). The supply chain of electrical motors needs to assess the multiple risks faced and invest in the required contingency steps in order to avoid delays in order fulfilment and face damage to customer reputations and profits. 

[bookmark: _Toc134564101]Inventory Management 
Inventory management is a critical processes to ensure business can operate to their full potential. For the electrical motors there are multiple materials and component required, all with varying lead times and demands. Inventory management requires a strong understanding of the product in order to be successful. It involves the steps of overseeing and controlling the levels of stock that are held within the factory, ensuring fulfilment of orders, forecasting future demand and availability and building strong relationships with suppliers. 
By correctly managing the inventory levels it will ensure the company is fully utilizing floor space, has the correct amount of safety stock to deal with realistic fluctuations of demand / product availability and improve the overhaul efficiency. All of these benefits will help to improve customer satisfaction and improve company profits. 
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[bookmark: _Toc134564102]Conclusion / Further Work

The supply chain of electrical motors faces numerous risks due to the international supply chain. The FMEA analysis has identified the challenges faced and recommends additional actions to ensure the reliability, safety and quality of the motors is maintained. Although some actions have been identified to improve resilience and mitigate risk, there is still further work that can be done. Investment in technology will continuously be required as supply chains look to embrace digitalization and automation. Technology is continuously improving and providing manufacturers and suppliers with cost saving techniques, improved efficiency and improved safety. All of which can improve resilience, competitiveness and customer satisfaction. 
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FMEA Analysis

This paper and FMEA looks at the global supply chain of electrical cable. International supply chains can
be vulnerable for many reasons. Some of the more prevalent reasons are (Sambukumar & Makharia,
n.d.).

e Transportation disruption: Supply chains, particularly international are heavily reliant on
transportation of varying types. Disruption of these systems through natural disasters,
geopolitical conflict and pandemics can cause delays and stoppages of the movement of goods.

e Unstable political and economical conditions: Unstable politics and economic downturns can
cause disruption in supply chains though import/ export restrictions, currency fluctuations and
changes in trade policies.

e Single supplier dependency: If a business relies too heavily on a single supplier, any disruption to
that supplier will have a knock-on effect on the entire supply chain.

e Cybersecurity threats: With the increase of digitalisation and automation of processes, the risk of
cyber attacks is a growing concern.

e Environmental risk: Extreme weather, natural disaster and resource scarcity can be a disruption
for supply chains, this is particularly difficult where suppliers must rely on certain regions for a
particular product.

The below FMEA looks at the failure modes and effects of the supply chain of electrical cable.
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