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[bookmark: _Toc158580371]2 Introduction

This report aims to assess the significance of risk management in the manufacturing sector, emphasising its legal implications and underscoring the vital role of engineers in comprehending risk management principles. Given the diverse array of risks encountered in manufacturing, it becomes imperative for engineers to adeptly recognise and alleviate these risks, ensuring the well-being of personnel and the seamless functioning of operations while complying with applicable legislation. The report will furnish insights and recommendations, guiding engineers on the pertinent legal considerations within their industry and facilitating the seamless integration of risk management into their engineering practices.

Additionally, the report will thoroughly examine Failure Modes and Effects Analysis (FMEA), a tool widely utilised in risk management within the manufacturing sector. Its primary objective is to identify potential failure modes in advance, enabling engineers to proactively implement preventive measures or alleviate their impact.
















[bookmark: _Toc158580372]3 Literature Review
[bookmark: _Toc158580373]3.1 Management
Effective risk management plays a pivotal role in the manufacturing sector, aiding organisations in the recognition, evaluation, and mitigation of potential hazards that may pose threats to employees, customers, or the environment. In the context of manufacturing processes, careful attention must be directed towards the potential risks inherent in daily operations. Factors such as the nature of materials employed, equipment utilized, and the human element can contribute to the emergence of risks that require thorough consideration and management.

An broad risk management strategy may encompass tasks such as regular equipment maintenance and inspections, the establishment of a contingency plan for potential failures, and periodic reviews and updates of procedures to align with prevailing industry regulations and best practices. The significance lies in having a structured program capable of identifying diverse risks, assessing the likelihood and potential impact on various stakeholders such as the business, staff, shareholders, customers, suppliers, and the community in the event that a risk materialises (Risk Management in Manufacturing: PresentationEZE. [n.d.]).

[bookmark: _Toc158580374]3.2 Tools to Mitigate Risks
Various tools and methodologies are available to aid in the identification, prioritisation, and mitigation of potential risks. These resources serve the dual purpose of averting risks before the implementation of processes and addressing existing risks within the workplace.

FMEA stands out as a proactive risk management instrument extensively employed in the manufacturing sector. This approach entails the identification of potential failure modes, their associated effects and causes, along with the development and implementation of controls to mitigate risks. The proactive nature of FMEA enables the anticipation and identification of risks before they materialise, leading to potential cost savings within the business. As articulated by Baldry (2021), intercepting design, process, or equipment failures before they negatively impact downstream manufacturing operations substantially reduces the cost of addressing such failures.

RCA is an essential tool, is employed to pinpoint the fundamental causes of an incident or issue. According to Hughes et al. (2009, p.54), an RCA program yields the most favourable outcomes in risk reduction or elimination when seamlessly integrated with the stages of risk analysis and risk management. This methodology is employed to identify the root causes of a failure or problem, aiming to discover and implement lasting solutions to preclude its recurrence in the future.




[bookmark: _Toc158580375]3.3 Health and Safety at Work etc. Act 1974
The HSW Act requires employers to provide and maintain a safe working environment, including safe systems of work and safe equipment, for their employees as well as people who are not in their employment, who may be affected by their work activities. ‘It shall be the duty of every employer to ensure, so far as is reasonably practicable, the health, safety and welfare at work of all his employees.’ (Health and Safety at Work etc. Act 1974) The phrase "so far as reasonably practical" is used to specify that employers must take steps to protect the health and safety of their employees, but that they are not required to take measures that would be excessive or unreasonable in relation to the risks involved.
The Act requires employees to take reasonable care of their own health and safety and that of others who may be affected by their actions at work. This includes cooperating with their employer to ensure compliance with the HSW Act and following any relevant health and safety procedures or instructions that their employer has put in place. The legislation states:
‘It shall be the duty of every employee while at work—
(a)to take reasonable care for the health and safety of himself and of other persons who may be affected by his acts or omissions at work; and
(b)as regards any duty or requirement imposed on his employer or any other person by or under any of the relevant statutory provisions, to co-operate with him so far as is necessary to enable that duty or requirement to be performed or complied with.’  (Health and Safety at Work etc. Act 1974)

[bookmark: _Toc158580376]3.4 IMechE Code of Conduct
The Institution of Mechanical Engineers (IMechE) is as a professional engineering organisation based in the United Kingdom, dedicated to providing education, training, and professional development opportunities for mechanical engineers. 
The IMechE has formulated a code which serves as a set of regulations outlining the professional and ethical standards that IMechE members are obliged to uphold. Its primary purpose is to ensure that members fulfil their professional responsibilities with integrity, impartiality, and objectivity. Additionally, the code emphasises the importance of members taking all necessary measures to guarantee the safety, health, and environmental sustainability of their work.
[bookmark: _Toc158580377]4 FMEA
[bookmark: _Toc158580378]4.1 Process[image: A white sheet with black text
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The execution of a FMEA typically involves a team of engineers and encompasses multiple steps. Initially, the FMEA team will designate the specific process or product under scrutiny. Subsequently, they will enumerate all potential failure modes related to that process or product. Evaluating the effects of each failure mode, the team will assign scores based on the severity of the impact and the likelihood of occurrence. Following this assessment, the team prioritises the identified failure modes using the risk priority number (RPN) and formulates a plan to tackle the issues with the highest priority. Implementation of the plan is then carried out, and the process is monitored to verify the effective resolution of the identified issues.
                                                                                                                                                     


Figure 1
Figure 2


Upon reviewing the FMEA depicted in Figure 1, it becomes evident that the likelihood of occurrence for all potential failure modes is relatively low, with the highest rating being 5. This low likelihood is attributed to the assumption that, given proper training, such failures should occur infrequently. Nonetheless, the inherent risk of operator error persists, particularly when operators under pressure from time restraints.
The severity rating for all failure modes is at the maximum of 10. If any of these failures were to occur without detection, it could result in a defective device leaving the factory, posing potential hazards to the end user. For instance, neglecting to scan the PCB barcode by the operator might lead to a faulty device reaching the end user. Without checks in place, there's a significant risk that undetected issues may arise if the device skips calibration and fails to meet standards.
However, certain failures, such as the incorrect installation of optics or air ducts, can be more easily identified. Misalignment of optics would be apparent through improper fitting and soldering, while an incorrect air duct installation should be noticeable unless the poka-yoke mechanism is faulty. Consequently, both scenarios have relatively low likelihood of detection scores.

[bookmark: _Toc158580379]4.3 Mitigating Actions
For failure modes 1 through 5 shown in figure 1, mitigation actions are similar. Adding an in-process check sheet for these steps in an assembly to ensure correctly fitted components or traceability throughout the process. This may involve incorporating an additional step in the work instruction or providing retraining. By implementing these measures, the likelihood of detection will substantially rise since a deliberate check will be mandated. Figure 2, representing the second FMEA, illustrates a scenario where detection is initially low, emphasizing the potential for oversight.
To prevent an incorrectly fitted component, the mitigation action is to create a process where only the correct components are supplied and fitted. Tracking this requirement would involve implementing a production order system where the warehouse exclusively provides the correct part for the specific job. As depicted in Figure 2 of the second FMEA, while the likelihood of detection remains consistent, the likelihood of occurrence has decreased. It's important to note that the likelihood of occurrence is not reduced to zero, as the possibility of incorrect parts being supplied still exists. To address this, a new FMEA could be conducted following the implementation of mitigating actions.
Among the failure modes, the one with the lowest Risk Priority Number (RPN) is identified as failure mode 3(Fitting of front onto optics assembly). To address this, a recommended action is to develop an in-process check sheet illustrating the accurate assembly orientation. This proposed action aims to decrease both the detection and occurrence scores, ultimately reducing the RPN from 10 to the improved RPN of 6.

[bookmark: _Toc158580380]4.4 Communication of findings
Ensuring the effective communication of the findings from a FMEA to both technical and non-technical audiences is pivotal for understanding and appropriate action. Several methods can enhance the effiiciency of communicating the findings:
Utilise clear and straightforward language: Avoid technical jargon and complex terminology, choose plain language to articulate the findings. This approach improves understanding, particularly for non-technical audiences.
Incorporate visuals: Enhance engagement and understanding by employing charts, diagrams, and other visual aids to clearly explain the findings. Visuals benefit a wider range of audiences.
Offer context: Provide an explanation of the findings significance and their relationship to the overall process or product. This information ensures that the audience undertands the importance of addressing the identified issues.

[bookmark: _Toc158580381]5 Conclusion
In conclusion, this report underscores the critical role of risk management in the manufacturing sector, emphasising the legal considerations and the essential involvement of engineers in understanding and applying risk management principles. The diverse array of risks inherent in manufacturing necessitates a proactive approach to identify, assess, and mitigate potential hazards, ensuring the well-being of personnel and smooth operational processes while adhering to legal obligations.
The examination of FMEA as a proactive risk management tool reveals its effectiveness in identifying potential failure modes and implementing controls to mitigate risks. The strategic integration of risk management into manufacturing practices is imperative, as demonstrated by the significance of regular equipment maintenance, contingency planning for potential failures, and the periodic review of procedures to align with industry regulations and best practices.
The report also highlights the significance of effective communication in conveying the findings of risk management analysis, emphasising the importance of using clear language, incorporating visuals, and providing context for technical and non-technical audiences alike.
Furthermore, the focus on risk mitigation actions, such as in-process check sheets and production order systems, underscores the practical steps that can be taken to reduce the likelihood and impact of identified risks. The emphasis on continuous improvement through retraining and additional steps in the work instruction process reflects a commitment to ongoing risk management practices.


[bookmark: _Toc158580382]6 References

Health and Safety at Work etc. Act 1974.2 [online] Available at: https://www.legislation.gov.uk/ukpga/1974/37/section/2 (Accessed: 10 January 2023)
Health and Safety at Work etc. Act 1974.7 [online] Available at: https://www.legislation.gov.uk/ukpga/1974/37/section/7 (Accessed: 10 January 2023)
Hughes, B., Hall, M., & Rygaard, D. (2009). Using Root-Cause Analysis to Improve Risk Management. 54(2), 54–55.
Risk Management in Manufacturing: PresentationEZE. [no date]. Available at: https://www.presentationeze.com/blog/risk-management-manufacturing/ [Accessed: 10 January 2023].
Baldry, S. (2021) “FMEAs in Manufacturing and Why They Need to Be a Priority,” Cority. Available at: https://www.cority.com/blog/fmea-in-manufacturing/ (Accessed: 10 January 2023). 


[bookmark: _Toc158580383]7 Appendices

Appendix 1 -  Personal Development Plan
[image: A white grid with black text

Description automatically generated]





Appendix 2 - Poster
[image: ]
image1.png
Action Results

Responsibilty
Process ! |Potential Failure |  Potential N Potential Cause(s)t ° Current o P |Recommended | and Target slo[o] =
Function Mode Efteotts) of M Mechantam(s) of : Controls N W | Actions) | Completion | Actens ool P
Fatore . Fatore B . 1 mplevon | AT |elelel B
srdopaar
2 Desanedots 2l2|z| @
T T h—— OpersrtToan {Croedi
[kt o Carvorpetom R — 3 Ve bPocess  Lesers ossst
ke it speton 2 TeainaTone S 7. 5O S00NPs Chbest
srdopuar
v Opersrtomn [Cowedi 12 2[2| 8
Fringot et ineding Cornetpetom ERR——— o] Pocess  [Leaers " ocest
[ S o e speaton 2 S E ot o R
srdopuar
Fungatin e Opersrttomn [Cowedi 2[af1] 6
cntoapics ety nedira{Carnetpetom R — o] bPocess e ocsst
gy v oo 2 TesimaFobee i Shopen......) I R o VR o
Ty o Tear Consdn:
Fapan-not - e desgredio Leador. oo 17]2(2| 28
o st Sihmsionien 2. o B
S Wk insthen; i e
sndopuar
2 ot p—— tle|e| =
Fungerve nciomen sponopasa pescrTean (Candin-
STt Dpies narectyiedings kg [l el K
sty e 7 o s g, S 7. 55 Chobes... S00NPTs Chetbest
Falinion R —
Faultylincorrect  : Traceability and. Supplier issue determine cornect Confimduring  iLeader - process. g1z ®
Eavsotn Uiy ol ] B R ST
ccssate e
e — aoe ot (GperscrTesm (Conedin 19 [2[3]
SoanPCE  Cperaordossnr {Tacestity and dcperar oheomimed Lesdere " pocest
i o e | P F— i E it E I e





image2.png
Befter mytime | To be able o get | Timing plan ‘Commitment and | 12/02/2024
management my technical self-discipline to
skills report follow my time

assignment plan

ready and

complete on

time.
Better my Improve clarity, | Resources putin | Positive feedback | 12/02/2024
Technical Report | structure,and | the Teams files, | on my written
writing skill. coherencein | YouTube reading | report

reportwriting. | examples
‘Acquire Independently | Suitable project, | Successful T2/02/2023
Proficiency in conductFMEA | collaboration | completion of
FMEA snalysesand | withteam, and | FMEA projects

applyFmER | feedback

principles to

projects.
Embrace Cultivate a Networking Regular Ongoing
Confinuous mindset of events, industry | incorporation of
Learning continuous conferences, self- | newskills

learning by study

seeking new

skills and

knowledge.
Enhance Problem- | Improve bility | Suitable project, | Successful Ongoing
Solving Skills toanalyseand | collaboration | resolution of

solve. with team, and | complex issues

engineering | feedback

challenges

efficiently





image3.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David

Failure Modes & Effects Analysis
Jessie Whitelock

School of Engineering
Manufacturing Engineering Degree

Introduction

The manufacturing sector undergoes FMEA
constant evolution and the same
goes for risk management. Failure Mode Effect Analysis

Engineers must possess a profound
comprehension of risk management
since their decisions and actions
directly impact the quality of the
outcome.

With a comprehensive

understanding, they can promptly

Identlfy and address potential risks Photo from- https.//medium.com/@swadesqms/vhat-finea-
. ’ is-and-why-it-is-important-in-various-industries-

thereby ensuring the safety of ae642a0/de9

themselves, fellow engineers, and

the product.

Conclusion

The examination of FMEA as a
proactive risk management tool

reveals its effectiveness in identifying
potential failure modes and
implementing controls to mitigate

risks. The strategic integration of risk

management into manufacturing
practices is imperative, as
demonstrated by the significance of
regular equipment maintenance,
contingency planning for potential
failures, and the periodic review of
procedures to align with industry
regulations and best practices.

The Failure Modes from least to iyl
worst ranked from my FMEA were Gipiee g
the following o “

* Incorrectly fitted/ not fitted
*Faulty part
Faulty / incorrect barcode Photo from -

https://www.auditcomply.com/2020/01/29/finea-an-
analysis-method-to-mitigate-risk/.

» Operator does not scan
» Traceability and serialisation issue
« Device failing test

Methodology

Various tools and methodologies are
available to aid in the identification,
prioritisation, and mitigation of
potential risks. These resources
serve the dual purpose of averting
risks before the implementation of
processes and addressing existing
risks within the workplace

Summary of Key Findings
Upon reviewing my FMEA , it
becomes evident that the likelihood
of occurrence for all potential failure
modes is relatively low, with the
highest rating being 5. This low
likelihood is attributed to the
assumption that, given proper
training, such failures should occur
infrequently. Nonetheless, the
inherent risk of operator error
persists, particularly when operators
under pressure from time restraints.
The severity rating for all failure
modes is at the maximum of 10. If
any of these failures were to occur
without detection, it could result in a
defective device leaving the factory,
posing potential hazards to the end
user. For instance, neglecting to
scan the PCB barcode by the
operator might lead to a faulty device
reaching the end user. Without
checks in place, there's a significant
risk that undetected issues may arise
if the device skips calibration and
fails to meet standards.

However, certain failures, such as
the incorrect installation of optics or
air ducts, can be more easily
identified. Misalignment of optics
would be apparent through improper
fitting and soldering, while an
incorrect air duct installation should
be noticeable unless the poka-yoke
mechanism is faulty. Consequently,
both scenarios have relatively low
likelihood of detection scores.

School of Engineering




image4.svg
                        Failure Modes & Effects Analysis Jessie Whitelock School of Engineering Manufacturing Engineering Degre e        Introduction The manufacturing sector undergoes constant evolution and the same goes for risk management . Engineers must possess a profound comprehension of risk management since their decisions and actions directly impact the quality of the outcome . With a comprehensive understanding, they can promptly identify and address potential risks, thereby ensuring the safety of themselves, fellow engineers, and the product . Conclusion The examination of FMEA as a proactive risk management tool reveals its effectiveness in identifying potential failure modes and implementing controls to mitigate risks. The strategic integration of risk management into manufacturing practices is imperative, as demonstrated by the significance of regular equipment maintenance, contingency planning for potential failures, and the periodic review of procedures to align with industry regulations and best practices. The Failure Modes from least to worst ranked from my FMEA were the following • Incorrectly fitted/ not fitted • Faulty part • Faulty / incorrect barcode • Operator does not scan • Traceability and serialisation issue • Device failing test Methodology Various tools and methodologies are available to aid in the identification, prioritisation, and mitigation of potential risks. These resources serve the dual purpose of averting risks before the implementation of processes and addressing existing risks within the workplace  School of Engineering Photo from - https://www.auditcomply.com/2020/01/29/fmea - an - analysis - method - to - mitigate - risk/ . Summary of Key Findings Upon reviewing m y FMEA , it becomes evident that the likelihood of occurrence for all potential failure modes is relatively low, with the highest rating being 5. This low likelihood is attributed to the assumption that, given proper training, such failures should occur infrequently. Nonetheless, the inherent risk of operator error persists, particularly when operators under pressure from time restraints . The severity rating for all failure modes is at the maximum of 10. If any of these failures were to occur without detection, it could result in a defective device leaving the factory, posing potential hazards to the end user. For instance, neglecting to scan the PCB barcode by the operator might lead to a faulty device reaching the end user. Without checks in place, there's a significant risk that undetected issues may arise if the device skips calibration and fails to meet standards. However, certain failures, such as the incorrect installation of optics or air ducts, can be more easily identified. Misalignment of optics would be apparent through improper fitting and soldering, while an incorrect air duct installation should be noticeable unless the poka - yoke mechanism is faulty. Consequently, both scenarios have relatively low likelihood of detection scores.       Photo from - https ://medium.com/@swadesqms/what - fmea - is - and - why - it - is - important - in - various - industries - ae642a0fde9   


