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[bookmark: _Toc158566490]Introduction
[bookmark: _Toc158566491]Scope
The purpose of this technical report is to perform a FMEA (Failure Mode and Effects Analysis) on the build process of fitting a roller plunger type switch as part of a hatch status system on a new defence AFV (Armoured Fighting Vehicle). This will allow for the analysis and review of potential failures in the component fitting activity through the manufacturing process. This report will discuss the significance of risk management for engineers to promote workplace safety and ensure adherence to engineering laws and regulations.
[bookmark: _Toc158566492]Objectives
· Research engineering code of conduct and risk management.
· Identify failure modes and their effects.
· Potential causes of failure.
· Complete a failure mode and effects analysis including Risk Priority Numbers (RPN). 
· Summary of current controls.
· Recommendation of corrective/mitigating actions.

[bookmark: _Toc158566493]Literature Review
Information will be gathered to better appreciate the importance for engineers to adhere to the code of conduct for professional engineers, health & safety legislation, and risk management.
FMEA (Failure Mode & Effect Analysis) is a tool which is utilised to mitigate risk, research gathered on this subject will be included and discussed. 
[bookmark: _Toc158566494]Conduct & Legislation Review
All engineers must be familiar with current health and safety requirements. Engineers are also expected to keep up to date on current information, act with honesty, and remain unbiased in their job to protect public safety and maintain the engineering profession's reputation. 
Engineering can be a fairly hazardous job. So, as you can imagine, there are a lot of regulations concerning engineering in the UK. In this guide, we’ll outline the most important UK regulations that engineers should know about, especially those who own their own businesses. 
Specifically, we’ll be talking about these regulations:
· Health and Safety at Work etc Act 1974 (HASAWA)
· Management of Health and Safety at Work Regulations 1999
· Lifting Operations and Lifting Equipment Regulations 1998 (LOLER)
· Provision and Use of Work Equipment Regulations 1998 (PUWER)
· Pressure Systems Safety Regulations 2000 (PSSR)
· Supply of Machinery (Safety) Regulations 2008
· Electricity at Work Regulations 1989
(Countingup, 2021)
“They shall maintain their professional knowledge and are to maintain a record of continuing professional development.” (Code of Conduct Instructions, ImechE. 2021)
“They shall advocate and support the extension of ethical practices and respect the rights and reputations of others” (Code of Conduct Instructions, ImechE. 2021)
[bookmark: _Toc158566495]2.2	Risk Assessment Review  
Risk assessments reduce risk in the manufacturing sector by providing engineers with a systematic approach to identifying potential manufacturing failures and hazards before they occur.
The definition of a risk assessment is a systematic process of identifying hazards and evaluating any associated risks within a workplace, then implementing reasonable control measures to remove or reduce them.
When completing a risk assessment, it is important to clearly define some keywords:
· An accident is ‘an unplanned event that results in loss’
· A hazard is ‘something that has the potential to cause harm’
· A risk is ‘the likelihood and the severity of a negative occurrence (injury, ill-health, damage, loss) resulting from a hazard.’
(British Safety Council, 2024)
An effective way of managing risk is by utilising a Failure Mode and Effect Analysis (FMEA). This will highlight potential points of failure within the manufacturing process and provide an early warning to engineers of likelihood of failures occurring and can be allocated a Risk Priority Number (RPN) to prioritise the risk.
FMEA is a qualitative and systematic tool, usually created within a spreadsheet, to help practitioners anticipate what might go wrong with a product or process. In addition to identifying how a product or process might fail and the effects of that failure, FMEA also helps find the possible causes of failures and the likelihood of failures being detected before occurrence. 
(Forrest, Isixsigma. 2010)



[bookmark: _Toc158566496]Methodology
[bookmark: _Toc158566497]FMEA Criteria 
The below FMEA table highlights the company’s risk ranking and scoring method which will be utilised in the evaluation of risk for the hatch status system. 
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Table 1- General Dynamics Land Systems FMEA Risk Ranking
In Table 1, Three categories are given a score ranging from 1 to 10. Severity (S), Probability of Occurrence (Po), and Probability of Detection (Pd) are these domains. 
Severity - a grade of 1 denotes (Failure is causing no disturbance for following operations/customer/lead time) while a rating of 10 denotes (Failure affects safety or endangers operator without warning).
Probability of Detection - rated from 1 (extremely high – controls definitely detect failure) to 10 (failure cannot be detected).
Probability of Occurrence - rated from 1 (very low) to 10 (very high). 
Once risk ratings are established, the figures are used to calculate the Risk Priority Number (RPN). To calculate the RPN, the following equation will be used.
Severity x Probability of Detection x Probability of Occurrence = RPN
The highest RPN score will then be used to establish what potential failure poses the highest risk to the company/operator.
[bookmark: _Toc158566498]FMEA 
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Table 2- Roller-plunger switch fitting FMEA  
The above FMEA is the analysis of 4 potential failure modes labelled FM1 in row 1, through to FM4 in the bottom row. 



[bookmark: _Toc158566499][bookmark: _Toc158312338]Discussion
[bookmark: _Toc158566500]FM1 
[bookmark: _Toc158312339]FM1 scored 9 for severity. Using Table 1 criteria, this failure involves non-compliance with government regulation or endangers operator. By misconnection or disconnection of the mating electrical connections, the user and the vehicle systems could potentially receive incorrect hatch position readings. This in turn has the potential to allow inadvertent turret operation, causing damage to the vehicle or injury to the vehicle operator. The likelihood of occurrence score of 3 (low), is reflective of the effectivity of the current controls in place. Again, for likelihood of detection, FM1 scored 3. During the electrical testing phase of the vehicle systems, there is a high chance that any potential misconnections will be identified and rectified. Overall RPN – 81.
[bookmark: _Toc158566501]FM2
[bookmark: _Toc158312341][bookmark: _Toc158312342][bookmark: _Toc158312344]The severity score for FM2 has dropped considerably to 4. This is due to no likelihood of injury to personnel or operator, only potential damage to parts and/or minor rework. However, due to unclear work instructions this has scored a high likelihood score of 8 for occurrence. A detectability score of 6 is reflective of the lack of checks required to be carried out by a production quality team but is also mitigated by the vehicle system testing completed post fitting. Overall RPN – 192.

[bookmark: _Toc158566502]FM3
[bookmark: _Toc158312345]FM3 received a severity score of 7. The vehicle's design and anticipated elevated levels of vibration over extended periods of time could cause the nuts to gradually come loose if the switch has not been torqued to the proper setting. The probability of occurrence received a score of 3, which is also low because of the controls currently in place. For example, tools are sent for calibration in accordance with manufacturer instructions, and deadlines are tracked. This has resulted in a probability of detection score of 8, as there are currently no mechanisms in place to double-check the torque setting once the operator has finished the fitting operation; detection will only occur during vehicle system testing or at the point of failure. Overall RPN – 168.

[bookmark: _Toc158566503][bookmark: _Toc158312347]FM4
FM4 is reflected in Table 1's "failure effects safety or endangers operator without warning" with severity score 10, which may be the result of improper setup of the switches, particularly for the hydraulically powered rear door emergency shut off system. The rear door emergency stop will not operate if the switch is setup incorrectly. Due to current lack of training/training availability the occurrence score is 5, untrained or out of date operators are incorrectly setting up the switches. For FM4 a probability of detection score of 4 was given meaning ‘controls have a good chance of detection’ as per table 1, again this is due to vehicle system testing post build. Overall RPN – 200.

[bookmark: _Toc158566504]Mitigating Actions
The Risk Priority Number (RPN) allows us to rank the failure modes that pose the greatest risk in order of importance. Since it is not feasible to reduce the severity score for each failure mode in this case without making design modifications, the goal of all mitigation activities will be to lower the probability of detection (Pd) & probability of occurrence (Po) scores.
Because of its 10-severity score, FM4 has the highest Risk Priority Number. The (Pd) and (Po) can be lowered by conducting more thorough and frequent competency assessments on operators and documenting the results in a training matrix that is routinely reviewed by management.
FM2 scores the second highest RPN with 192. To mitigate the chances of failure, a more robust and formalised reporting process could be put in place to allow operators to report unclear or inconsistent work instructions quickly and accurately to the manufacturing engineers. These can then be updated to avoid future failures.
[bookmark: _Toc158312350]FM3 suggested mitigating actions for incorrectly torqued nuts will be to implement a daily torque check on each tool by providing accessible torque meters to the operators. This provides a second layer of protection on top of the annual manufacturer calibration and mitigates further incorrect torque settings.
FM1 appears to pose the least risk of all, with an RPN score of 81, while having a relatively high severity value of 9. To prevent incorrect or missing electrical connections, the manufacturing quality team should do label checks on all wiring harnesses after installation. As a result, fewer connections may be missed or made incorrectly. 

[bookmark: _Toc158566505]Conclusion
In conclusion to this report, application of the FMEA risk management technique allowed for the identification of four possible failure modes throughout the roller-plunger switch fitting procedure. Three criteria were used to grade the failure modes then prioritised based on risk. Mitigating actions were developed for each which can be implemented on the production build line with the aim to decrease the overall risk of failures.
FMEA offers a structured method for evaluating risk in the workplace, and it has shown to be a useful tool in this report's assessment and identification of possible failures. One example of a potential issue with the FMEA process can be seen in this report with respect to FM1. If a severity score is particularly high (e.g. potential risk to life) this can be masked by low scores in the other two grading criteria, therefore considered lower risk.
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