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[bookmark: _Toc602720400]Abstract

This report investigates Root Cause Analysis (RCA) in manufacturing as a structured risk management tool. Using Failure Mode and Effects Analysis (FMEA), risks were scored by Severity, Occurrence, and Detection to calculate Risk Priority Numbers (RPN). A calibration issue dropped from 80 to 20 after a scheduled plan. FMEA’s proactive nature contrasts with Fishbone and 5 Whys, whilst ISO 31000 and IMechE standards ensure governance and ethics.
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[bookmark: _Toc1316478420]1. Introduction

[bookmark: _Toc1480512101]1.1. Scope of the Report
This report discusses the topic of RCA (Root Cause Analysis) using FMEA (Failure Mode and Effects Analysis) as a tool for risk management, legal and ethical considerations to consider, FMEA being used as a methodology for RCA, analysis of the results, and a conclusion with a summary and evaluation of its effectiveness.

[bookmark: _Toc835970304]1.2. Importance of Risk Management
Risk management plays a vital role in manufacturing by protecting engineers and enabling early identification of issues that could escalate from minor to catastrophic. Its structured approach supports proactive decision-making to prevent failures. According to Hayashi, Y. and Kamei, K., (2018), “risk management involves coordinated actions to identify, evaluate, and mitigate uncertainties, ensuring operational safety and resilience in complex industrial environments.”


[bookmark: _Toc1941800756]1.3. Aims and Objectives
The aims for this report are to discuss what RCA is, how it is performed, how it is beneficial to the manufacturing sector, creating and analysing a FMEA table, explore corrective actions and residual risks, structure the report clearly, and use credible references. The objectives for this report are to utilise services including Google Scholar and MyBib to create a comprehensive reference list, and go into technical detail about what RCA is, explaining why and how it is vital to the manufacturing sector.




[bookmark: _Toc544874587]2. Literature Review

[bookmark: _Toc442246015]2.1. Overview of Risk Management in Manufacturing
[bookmark: _Int_jSkRdNpW]Risk management is essential in manufacturing, enabling engineers to identify potential issues early and, through structured steps, determine when risks arise and how they can be prevented. Mahto, D. and Kumar, A. (2008), states “Root Cause Analysis is a step-by-step method that leads to the discovery of faults or root cause. An RCA investigation traces the cause and effect trail from the end failure back to the root cause. RCA is the process of identifying causal factors using a structured approach with techniques designed to provide a focus for identifying and problems.”



[bookmark: _Toc194103396]2.2. Tools for Risk Management
Risk management typically follows five steps: identification, measurement, mitigation, reporting and monitoring, and governance. Identification often relies on RCA methods such as FMEA. As Senders J.W. (2004) explains, “FMEA is a proactive process used to look more carefully and systematically at vulnerable areas or processes. FMEA can be employed before purchase and implementation of new services, processes, or products to identify potential failure modes so that steps can be taken to avoid errors before they occur.” Measurement commonly uses two approaches: a risk assessment matrix and Key Risk Indicators (KRIs). A matrix assigns values for probability and severity, then averages them to gauge overall threat. KRIs track trends and operational norms, enabling early detection of emerging risks. Mitigation lacks a universal method but focuses on reducing impact and likelihood to acceptable levels, often through preventive measures like scheduled inspections and staff training. Reporting and monitoring ensure risks are logged promptly and observed over time, supporting trend analysis and forecasting. Finally, governance ties risk control to legal and ethical standards. Twining J. (2025) notes, “risk governance in the manufacturing industry ensures that all teams and stakeholders adhere to the risk management plan. It involves developing policies, establishing a risk assessment framework, implementing a real-time monitoring system, and enabling cross-departmental collaboration.”


[bookmark: _Toc1047803958]2.3. Legal and Ethical Considerations
ISO 31000 certification demonstrates a company’s commitment to identifying and reducing workplace risks. Citation ISO (2023), says “achieving certification to the ISO 31000 Citation ISO Certification Scheme will send a clear message to your employees, customers, and other stakeholders that you are committed to managing risks in every part of your business.” Alongside ISO standards, the Institution of Mechanical Engineers (IMechE) offers essential ethical guidance. The IMechE Code of Conduct (2021) outlines four principles: “all members shall act with care and competence, all members shall act with integrity and in a reliable and trustworthy manner, all members shall engage responsibly with the environment, and all members shall contribute positively to the culture and public perception of the profession and the Institution.” These principles are vital for engineers, ensuring professionalism and accountability. The Code further emphasises risk management, stating members “shall quantify, balance and limit risk in all aspects of professional work.” Collectively, these frameworks guide engineers in identifying, monitoring, and mitigating risks through tools such as RCA and KRIs, whilst adhering to recognised standards like ISO 31000.



[bookmark: _Toc1718765562]3. RCA Results

[bookmark: _Toc1821561762]3.1. Methodology of RCA
An FMEA table was used to record the data, as it is extremely direct when it comes to calculating the root cause of the problem. An FMEA table was chosen instead of a method such as a Fishbone diagram or the 5 Whys because “FMEA uses a structured scoring system, Severity (S), Occurrence (O), and Detection (D), to calculate a Risk Priority Number (RPN), which helps prioritize risks based on their impact” (ASQ, 2019), and “unlike Fishbone and 5 Whys, which are typically used after a problem occurs, FMEA is proactive, identifying potential failures before they happen” (Demirkaya, F. 2022).

[bookmark: _Toc1908614008]3.2. Ranking and Justifications
During the FMEA process, each potential failure is scored from 1 to 10 across three criteria: Severity (impact of the issue), Occurrence (likelihood of happening), and Detection (chance of being noticed). Multiplying these values gives the Risk Priority Number (RPN), a higher RPN indicates greater risk. Although thresholds vary by industry, general guidelines exist (Table 3). Before corrective action, Table 2 shows scores of 5 for severity, 4 for occurrence, and 4 for detection, producing an RPN of 80, which falls into the second risk category. These ratings reflected a moderately severe issue, incorrect part measurements and gauge damage (Figure 1). Occurrence and detection were equally concerning because gauges were often out of calibration and were often overlooked. After implementing a chronological calibration schedule, severity remained 5, as the problem would still be serious if it occurred, but occurrence and detection dropped to 2 each, thanks to improved monitoring and planning. They were not reduced to 1, as malpractice can still happen. Repairs were carried out on the gauge shown in Figure 1 after calibration expiry (Figure 2). The revised RPN was 20, placing it in the acceptable range, meaning no further action was required. This demonstrates how structured FMEA scoring and proposed corrective action significantly reduce risk whilst highlighting residual risks linked to malpractice.


[image: ]
[bookmark: _Toc1334507191]Figure 1 - Gauge Damaged Due to Malpractice, tungsten carbide became very brittle and wasn’t considered due to lack of calibration (Sanderson-Jones, A. 2025b)
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[bookmark: _Toc1897717427]Figure 2 – Gauge Repaired after Malpractice, new tungsten carbide slip inserted into old gauge (Alfie Sanderson-Jones, A. 2025c)
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[bookmark: _Toc2146972735]Table 1 - Risk Priority Number Thresholds, divides RPN scores into categories and what action is to be taken (Vasta, A. 2021)


[bookmark: _Toc119926199]3.3. Proposed Corrective Actions
A calibration schedule in chronological order was created, displaying dates from present up to 60 days in the future, as well as date of last calibration and due date of next calibration. This enables the future calibration by engineers, and a more detailed forecast of what calibrations are due.

[image: ]
[bookmark: _Toc122837656]Figure 3 – Calibration Schedule, displays dates from present up to 60 days in the future, date of last calibration, and due date of next calibration (Sanderson-Jones 2025a)

[bookmark: _Toc1780806150]3.4. Residual Risks
[bookmark: _Int_7c7TupxY]The residual risk that remains is the chance of malpractice by engineers, in different forms. “Malpractice occurs when an engineer fails to meet the professional standards of their field, leading to harm, property damage, or financial losses. Engineers are held to a high standard of care, as their work directly impacts public safety and well-being. Malpractice may involve design flaws, poor project management, or violations of building codes and regulations” (Webster, B.A. 2025).



[bookmark: _Toc136258241]4. Conclusion

[bookmark: _Toc2039112880]4.1. Summary of Findings
The FMEA analysis used in this report was key to putting a stop to the problems considering the calibration schedule. The RPN number assigned to the issue before and after corrective action is beneficial to engineers, as true numerical data is available to be measured, and compared against using Figure 4. The aims and objectives were also met in this report, by exploring and deciding on corrective actions, and investigating the residual risks involved.
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[bookmark: _Toc31692455]Figure 4 - RPN Scoring Pre & Post Corrective Action, numerical data for engineers to measure and compare (Sanderson-Jones, A. 2025f)

[bookmark: _Toc1889623747]4.2. Evaluation of RCA Effectiveness
[bookmark: _Int_NF7mtlIW][bookmark: _Int_b6O2BDOj]RCA is a powerful tool when used by engineers as it creates a structural problem-solving tool, with adaptive methodologies such as FMEA, Fishbone (Figure 5), and 5 Whys (Figure 6). Effective RCAs are measured by how quickly, and with a quality-minded approach, engineers can solve issues within their sector. Although in this report, having used FMEA as opposed to Fishbone and 5 Whys, the root cause was defined and stopped before it became a bigger issue, due to FMEA being a proactive method, not reactive. However, one of the biggest limitations of FMEA was different scores for Severity, Occurrence, and Detection could still produce the same RPN number. Narayanagounder, S. and Gurusami, K., 2009, states “the most critical disadvantage of the traditional FMEA is that various sets of S, O and D may produce an identical value of RPN; however, the risk implication may be totally different. For example, consider two different events having values of 2, 3, 2 and 4, 1, 3 for S, O and D, respectively. Both these events will have a total RPN of 12 (RPN1 = 2x3x2 = 12 and RPN2 = 4x1x3 = 12), however, the risk implications of these two events may not necessarily be the same. This could entail a waste of resources and time or in some cases a high-risk event going unnoticed.”
[image: ]
[bookmark: _Toc1785163867]Figure 5 - Fishbone Diagram, different methodology of RCA (GeeksforGeeks, 2024)
[image: ]
[bookmark: _Toc258386403]Figure 6 - 5 Whys, different methodology of RCA (EasyRetro, 2020)
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[bookmark: _Toc1700335867]Table 2 - Personal Development Plan, showing the goals and objectives of the technical report (Sanderson-Jones, A. 2025d)
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[bookmark: _Toc1877480460]Table 3 - RCA of Calibration Schedule, FMEA table depicting processes, causes, RPN scores, and corrective actions (Sanderson-Jones, A. 2025e)
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