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[bookmark: _Toc158664040]Introduction
Risk management for a manufacturing process is crucial in maintaining the lifecycle of its machinery, keeping workers safe, and ensuring customer satisfaction by producing a quality product that also safeguards the longevity of a business. Risk management tools such as failure modes and effects analysis (FMEA) and Six Sigma methodology can be implemented to highlight, control, and monitor these risks and help to adhere to an engineer’s or business’s professionalism and moral obligations.

[bookmark: _Toc158664041]Aims
The report aims to highlight the significance of risk management for engineers by introducing and reviewing the implementation of an FMEA. It will show how risk can be mitigated by following the FMEA process in a robotic resistance welding operation. 

[bookmark: _Toc158664042]Objectives
· Review literature that highlights the importance of risk management to engineers.
· Review professional codes and legal obligations.
· An overview of distinct types of risk management tools.
· Outline types of FMEA.
· Presentation of PFMEA results of the resistance welding process.
· Present conclusions.

[bookmark: _Toc158664043]
Literature Review
[bookmark: _Toc158664044]Risk Management Definition
Risk management is defined as ‘a set of processes that encompass risk assessment, decision-making, and implementation of risk control, to reduce such threats to acceptable levels.’ (RiskOptics, 2022)
[bookmark: _Toc158664045]Legal Considerations
For any business, identifying, analysing, and controlling risks, known as risk management, is not only critical in the success of a business and its operations but also, businesses have a duty of care to their customers and legal obligations to their employees. Under the Management of Health and Safety at Work Regulations 1999, an employer has a legal responsibility to protect employees, and others, from harm. The legislation states that ‘there is a minimum requirement to: identify what could cause injury or illness in the business (hazards), decide how likely it is that someone could be harmed and how seriously (the risk), and take action to eliminate the hazard, or if this isn't possible, control the risk.’ (HSE, 1999) As discussed later, the severity factor of risk to employees is extremely high and requires the utmost consideration. 
[bookmark: _Toc158664046]Professional Codes of Conduct
Aside from legal compliance, engineers should adhere to professional codes of conduct. The Institute for Mechanical Engineers (IMechE) states in the first of its four principles that as professional engineers we have a duty to act with care and competence and should ‘Quantify and limit risk in all aspects of professional work, including with those who are working under our authority.’ (IMechE, 2021). These codes of conduct provide a basis for keeping with ethical standards, risk assessment, and maintaining safety in the workplace.
[bookmark: _Toc158664047]Total Quality Control
Quality control is another critical aspect for consideration in evaluating risk management in that, if controlled negatively, leads to inferior performance in terms of productivity and quality of manufactured components, which in turn has an adverse effect on customer satisfaction. According to Feigenbaum (1991, pp. 5-7), the purpose of total quality control is to design, build, market, and maintain quality in the product or service to allow for full customer satisfaction and it is the customer who determines the quality, not the engineer or general management. 
[bookmark: _Toc158664048]Essential steps for the Risk Management process  
1. Identify the Risk
2. Analyse the Risk
3. Evaluate or Rank the Risk
4. Treat the Risk
5. Monitor and Review the Risk
(Thomas, 2024)
[bookmark: _Toc158664049]Risk Management Tools and FMEA.
There are many risk assessment and quality control tools such as Six Sigma methodology, statistical process control and cause and effect analysis, but one of the best risk management tools used by engineers today is failure modes and effects analysis. FMEA is ‘an engineering analysis done by a cross-functional team of subject matter experts that thoroughly analyses product designs or manufacturing processes early in the product development process. (Carlson, 2012, pp. 21-22) Its objective is to find and correct problems or weaknesses in the design or manufacturing process before the customer receives the faulty items. There are three main types of FMEA: System FMEA which is an analysis of an entire system; Design FMEA which focuses on the product design of a component ensuring it meets the specifications usually set by the customer; and Process FMEA, which focuses on the manufacturing process required to make a component or sub-system of that component. 
This report will present the results of a PFMEA conducted in the resistance welding subsystem of manufacturing a lead acid battery.
[image: A machine with blue and yellow parts]
[bookmark: _Toc158660941]Figure 1- Robotic Resistance Welder and the battery in position for welding.


[bookmark: _Toc158664050]Methodology
[bookmark: _Toc158664051]PFMEA Overview
This PFMEA was instigated by the proposal of a new product from the design department. The purpose of this PFMEA is to recognise, evaluate and score potential failures in the resistance welding of battery cast-straps. This function is a sub-system in the assembly process of manufacturing lead-acid batteries. The causes of these potential failures will then be scored using the risk priority number (RPN) method and actions implemented that could reduce or eliminate any failure from occurring. 
[bookmark: _Toc158664052]Method
The following steps were taken in the PFMEA process. 
1. Identify the failure modes – Consideration noted for both existing failures and predicted failures based on the new product design proposal. 
2. Gather and review relevant information – Information taken from records of existing failures, their occurrence, and the current control measures.
3. Assess the severity, occurrence, and detection and rank using Table 1
4. Calculate RPN – The product of the severity, occurrence and detection rankings recorded.
5. Identify the high-risk failure modes from the RPN score and prioritise actions.
6. Implement corrective actions and re-score RPN.
[bookmark: _Toc158664053]RPN Scoring
The tables below show the severity, occurrence, and detection rankings used in the analysis.
[bookmark: _Toc158545585]Table 1 RPN Scoring Criteria
[image: ]
All Severity ratings above 7 would be considered and all Occurrence ratings above 3 would be considered unacceptable, using the six-sigma process capability index (CPK), where a value of 1.33 is the minimum acceptable level.
[bookmark: _Toc158664054]Discussion
[bookmark: _Toc158664055]Results and Analysis
[bookmark: _Int_LSOCdV5h]For the spot-welding process, three failure modes were identified. 
· Failure mode 1 - Weld Splashes
· Failure mode 2 - Flat spots on weld
· Failure mode 3 - Damaged Casts
[bookmark: _Toc158664056]Failure mode 1 – Weld Splash
[image: A screenshot of a computer screen
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[bookmark: _Toc158660942]Figure 2 Failure Mode 1 - Weld Splash
Severity Score - The severity score of 7 was allocated to all potential causes for this failure mode as weld splashes create cavities within the weld and the resulting splash can create a short between the positive and negative cell plates. This would cause customer dissatisfaction as the product would be unfit for use if undetected, and if detected, would disrupt the assembly process operation. 
[bookmark: _Int_O3ZwmPCA]Occurrence – Data of weld splash occurrences on other product ranges were analysed and occurrences checked against causes. It was found that Weld Tip Condition and Weld Tips Loose occurred on average around once per shift. Using the occurrence chart, a rating of 5 was given. There were either very few records of splashes from other causes, or the splash cause was recorded as ‘unknown.’ The remaining causes were identified as potential failures and rated either low or very low depending on an estimated occurrence rating.
[bookmark: _Int_2DRoc6uv]Detection – The weld tip condition and weld tips loose cause raised concern as the current prevention controls were operator dependant and the detection control was rated at ‘6’ due to there only being a moderate chance of detection. Another concern was the Weld Jaws and Transformer Overheating rating of 9, as although the prevention controls (water cooling) were good, there were no detection controls to check water flow or temperature. 
The RPN scores were calculated using the formula in Equation 1.
1. Weld Tip Condition. RPN =210
2. Weld Tips Loose. RPN = 210
3. Jaw Overheating. RPN = 189
4. Transformer Overheating. = 189
Equation 1 - Risk Priority Number

[bookmark: _Int_f1O7vwuK]The actions that arose were to replace the tips at the start of every shift ensuring good condition and security. This dropped the occurrence rating to 3 and subsequently the RPN to 126 (Figure 2).
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[bookmark: _Toc158660943]Figure 3 - Weld Tip Results

Another recommended action was to install flow and temperature controls to the water-cooling system to stop the robotic welder if either of the inputs was not satisfied. This would significantly reduce the likelihood of a failure due to overheating of the transformer or weld jaws. 
[image: ]
[bookmark: _Toc158660944]Figure 4- Weld Jaw and Transformer Overheating Results

Although no current actions have been implemented yet, the highlighted sections show that the potential reduction in occurrence significantly reduces the RPN value.

[bookmark: _Toc158664057]Failure Mode 2 – Flat Spots on Weld
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[bookmark: _Toc158660945]Figure 5 - Failure Mode 2

The FMEA table for failure mode 2 shows the same results and recommended actions for the high-scoring RPN values regarding the condition and security of the weld tips. 
The remaining causes were considered to be acceptable at this stage but would require monitoring.

[bookmark: _Toc158664058]Failure Mode 3 – Damaged Casts
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[bookmark: _Toc158660946]Figure 6 - Failure Mode 3

Due to the low scoring RPN value in relation to the whole PFMEA for the damaged casts failure mode, the focus turned to the four high causes from failure modes one and two. This would be monitored and reviewed after addressing the higher-scoring failure causes.



[bookmark: _Toc158664059]Results Graph
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[bookmark: _Toc158660947]Figure 7 - Bar Graph Showing the reduction in Risk Priority Number once the recommended actions had been implemented.











[bookmark: _Toc158664060]Conclusions
Of the three potential failure modes highlighted in the PFMEA, two modes raised four potential causes that warranted actions due to a high RPN score. The weld tip condition and security RPN score were reduced by almost half by conducting the recommended actions. The overheating of the weld jaws and transformer recommended action has potentially reduced the risk by two-thirds. These results emphasise how effective FMEA can be as a tool for mitigating risks in manufacturing. However, there could be an argument that the effectiveness of an FMEA is only as reliable as the information it receives and how well the actions are executed. Nonetheless, this highlights the importance of conducting effective FMEAs, as when implemented to a high standard they no doubt play a vital role in reducing process-related risks in the manufacturing industry.
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1 [bookmark: _Toc158664062]Appendices
[bookmark: _Toc158664063]Personal Development Plan
Personal Development Plan
Name – Matthew Williams
Degree – BENG Mechanical and Manufacturing Engineering
Previous Qualifications – HNC Mechanical Engineering
Previous Experience – Mechanical Fitter, Maintenance Technician, Service Supervisor, Engineering Manager and Manufacturing Engineer.
	Goal Description
	Planned Actions
	Resources
	Measurement
	Deadline

	To create concise engineering technical reports.
	Attend lectures and develop skills such as Report writing, referencing, using information sources and engineering calculations.
	Lecture notes and slides.
UWTSD Library.
Online research.
Feedback from previous reports.
	Good pass marks in all engineering modules.
Completion of year 1 BENG.
	July 2024

	To excel in the use of MATLAB and other engineering software.
	Attend UWTSD MATLAB tutorials.
Spend at least 1 hour/week on MATLAB tutorial guides.
	Lecture notes and slides.
MATLAB tutorial books.
MATLAB tutorials.
Online resources. 
	Engineering Applications module Assignment grade.
	July 2024

	Proficiency in the use of CAD software (SolidWorks)
	Attend tutorials.
Develop skills and utilise in the workplace.
	Lecture notes and slides.
Tutorial books/library
Online resources.
	Engineering Design module grade.
	July 2025

	Completion of BENG Mechanical and Manufacturing Engineering.
	Attend all tutorials and make good progressions with assignments and exams.
	Lectures, lecturers, library, online resources, and books.
	1st In BENG Mechanical and Manufacturing Engineering.
	July 2027

	Continue to utilise all knowledge, skills, and tools into the workplace.
	Keep up to date with engineering news.
IMechE full Membership. 
	University portfolio.
IMechE.
Further study.
	Successful chosen career path.
	July 2028
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Introduction

The management of risk for a 

manufacturing process is crucial in 

maintaining the lifecycle of its machinery, in 

keeping workers safe, and in ensuring 

customer satisfaction by producing a 

quality product. Risk management tools 

such as failure modes and effects analysis 

(FMEA) can be implemented to highlight, 

control, and monitor these risks and help to 

adhere to an engineers or businesses 

professionalism and moral obligations.

The aim of this poster is to highlight the 

significance of risk management for 

engineers by showcasing the results of an 

FMEA. It will show how risk can be 

mitigated by following the FMEA process in 

the form of a robotic resistance welding 

operation. 

PFMEA Method

The following steps were taken in the PFMEA 

process. 

1. Identify the failure modes 

2. Gather and review relevant information 

3. Assess the severity, occurrence, and detection 

and rank.

4. Calculate RPN – The product of the severity, 

occurrence and detection rankings were 

recorded.

5. Identify the high-risk failure modes from the 

RPN score and prioritise actions.

6. Implement corrective actions and re-score RPN.

The Risk Priority Number was calculated using the 

formula: 

ܴܲܰ ൌ ܵ݁ݒ݁ݎ݅ݐݕכܱܿܿݑݎݎ݁݊ܿ݁כܦ݁ݐ݁ܿݐ݅݋݊

Recommended Actions:

1. To replace the weld tips at the start of every 

shift.

2. To install flow and temperature sensors to the 

welder jaws and transformer.

Three failure modes identified.



Failure mode 1 - Weld Splashes



Failure mode 2 - Flat spots on weld



Failure mode 3 - Damaged Casts

Weld Splash Failure Mode Result

School

of

Engineering

Summary Of Findings

Of the three potential failure modes 

highlighted in the PFMEA, two of them 

raised four potential causes that warranted 

actions due to a high RPN value. The weld 

tip condition and security causes were 

reduced by almost half by carrying out the 

recommended actions, and the overheating 

of the weld jaws and transformer 

recommended action has potentially 

reduced the risk by two thirds. These results 

emphasise how effective FMEA can be as a 

tool for mitigating risks in the manufacturing 

sector. This highlights the importance of 

conducting effective FMEA’s, as when 

implemented to high standard they no doubt 

play a vital role in risk management.

Summary

This PFMEA was instigated by the proposal of 

a new product from the design department. 

The purpose is to recognise, evaluate and 

score potential failures in the resistance 

welding of battery cast straps. This function is 

a sub-system in the assembly process of 

manufacturing lead acid batteries. The causes 

of these potential failures will then be scored 

using the risk priority number (RPN) method 

and actions implemented that could reduce or 

eliminate any failure from occurring. 

Bar Graph Showing the reduction in Risk Priority Number once the 

recommended actions had been implemented.
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Introduction

The management of risk for a manufacturing process is crucial in maintaining the lifecycle of its machinery, in keeping workers safe, and in ensuring customer satisfaction by producing a quality product. Risk management tools such as failure modes and effects analysis (FMEA) can be implemented to highlight, control, and monitor these risks and help to adhere to an engineers or businesses professionalism and moral obligations.

The aim of this poster is to highlight the significance of risk management for engineers by showcasing the results of an FMEA. It will show how risk can be mitigated by following the FMEA process in the form of a robotic resistance welding operation. 







PFMEA Method

The following steps were taken in the PFMEA process. 

Identify the failure modes 

Gather and review relevant information 

Assess the severity, occurrence, and detection and rank.

Calculate RPN – The product of the severity, occurrence and detection rankings were recorded.

Identify the high-risk failure modes from the RPN score and prioritise actions.

Implement corrective actions and re-score RPN.



The Risk Priority Number was calculated using the formula: 

Recommended Actions:

 1. To replace the weld tips at the start of every shift.

2. To install flow and temperature sensors to the welder jaws and transformer.

Three failure modes identified. 

Failure mode 1 - Weld Splashes

Failure mode 2 - Flat spots on weld

Failure mode 3 - Damaged Casts

Weld Splash Failure Mode Result
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Summary Of Findings



Of the three potential failure modes highlighted in the PFMEA, two of them raised four potential causes that warranted actions due to a high RPN value. The weld tip condition and security causes were reduced by almost half by carrying out the recommended actions, and the overheating of the weld jaws and transformer recommended action has potentially reduced the risk by two thirds. These results emphasise how effective FMEA can be as a tool for mitigating risks in the manufacturing sector. This highlights the importance of conducting effective FMEA’s, as when implemented to high standard they no doubt play a vital role in risk management.


 





Summary

This PFMEA was instigated by the proposal of a new product from the design department. The purpose is to recognise, evaluate and score potential failures in the resistance welding of battery cast straps. This function is a sub-system in the assembly process of manufacturing lead acid batteries. The causes of these potential failures will then be scored using the risk priority number (RPN) method and actions implemented that could reduce or eliminate any failure from occurring. 





Bar Graph Showing the reduction in Risk Priority Number once the recommended actions had been implemented.
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The Risk Priority Number was calculated using the
formula: RPN = Severity * Occurrence = Detection
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