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[bookmark: _Toc54387069]Introduction 
During this report I will be analysing an automotive engineering environment and detailing ways in which procedures can be changed to become safer on more efficient. Health and safety I s a vital component to any company small or large. Every company is required to maintain and conduct proper health and safety standards to keep their employees safe. This is especially relevant in an engineering environment as there can be a lot of machinery. In the UK between April 2019 and March 2020 there were 111 workplace accidents that led to deaths. (HSE.GOV, 2020) This is a rate of 0.34 deaths per 100,000. This is the lowest year on record and represents a fall of 38 deaths from the previous year. Although this is good news this can maybe be attributed to coronavirus impact on workplaces in the final two months of the year. 
Failure for employers to ensure proper health and safety can result in very heavy fines and in some cases can even be as serious as prison time. Although employers have a duty of care, employees are also expected to work safely as well as keep other workers safe. 
It is imperative for engineers to take health and safety seriously and during this report I will be investigating different engineering scenarios and seeing how the safety can be improved.
Research/literature review 
Managing risks is extremely important to the automotive sector as sector as imperfections in the design of a car can have grave consequences on consumers. Not only can the consumer be gravely affected but the company’s reputation can also be affected as well as direct financial losses, lawsuits and product recalls are common in the automotive industry and can result in huge losses.
Due to the fact that potential failures in design and manufacture can have grave consequences on consumers the automotive industry is one of the most regulated industry. Failure to comply with government legislations will result in your car not entering the market. 
Professional bodies publish codes of conducts. For example, the Institute of Mechanical Engineers (IMechE) have a code of conduct. They promote high standards of ethical conduct in order to:
· Protect members of the public 
· Protect IMechE members 
· Uphold the reputation of the Institution and the wider engineering profession
The IMechE code of conduct has four principles:

Practise competently and maintain up-to-date knowledge and skills
· Should take reasonable steps to maintain our professional knowledge and maintain a record of continuing professional development.
· Only undertake professional services in areas of current competence
· Should disclose any relevant limitations on our competence to undertake professional work
· Quantify and limit risk in all aspects of professional work, including with those who are working under our authority
· Ensure that we maintain adequate professional indemnity insurance either via employer or personally.



Act with integrity and respect others 
· Do not knowingly mislead nor allow others to be misled.
· Should respect confidentiality obligations express or implied.
· Present and review engineering evidence, theory, and interpretation honestly, accurately and without bias
· Avoid deceptive acts and refrain from corrupt practices.
· Reject bribery and record gifts or hospitality received.
· Declare conflicts of interest.
· Do not implicate the Institution in oral or written correspondence.
Promote sustainability 
· Recognise the importance of socioeconomic and environmental factors.
· Comply with obligations for health and safety and environmental protection.
· Take account of the needs of a diverse environment, while never knowingly or deliberately exploiting natural resources
· Balance the needs of the present with the needs for future generations.
Exercise engineering leadership 
· Contribute to public discussion on engineering matters within own area of competence and in an objective, clear and truthful manner.
· Take positive action when we encounter unmanaged risk or malpractice.
· Advocate and support the extension of ethical practices and respect the rights and reputations of others.
· Support and encourage diversity within the industry.




Health and Safety Legislation
The Health and Safety at work act 1974 is the primary piece of legislation covering workplace health and safety in the United Kingdom. It sets out general duties which: 
· Employers have towards employees and members of the public
· Employees have to themselves and to each other 
· Certain self employed have towards themselves and others

It is essential for the for the automotive sector to be an exemplary field in engineering. For engineering workplaces to improve safety failure Mode and Effect Analysis (FMEAs) are created to analyse future problem areas that can be improved.  

FMEA is a procedure for determining where processes, products or designs are most likely to fail and why. It is used to design a process, review and a improve a process as well as also act as an efficient process control. Its approach of a step by step system identifies each failure mode, with the analysis then estimating the effects of the failure and devising ways of controlling the process so that the failure can be averted. 


Initial FMEA

Figure 1
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In figure 1 is an excel document highlighting potential failure modes, likelihood of occurrence, severity, likelihood of detection, risk priority number as well as mitigating actions that are recommended. 
The first potential failure that has been highlighted is ‘Brake calliper mounting bolts not torqued to correct level. For likelihood of occurrence, it has been highlighted as 4. This is because the brake calliper mounts can be easily overtightened or not tightened enough. The severity of this potential failure is 7. If the brake calliper was mounted too tightly then you may hear the brakes rubbing as you drive. This will wear the breaks as well as distract the driver. If the brake calliper was mounted too loosely this can affect the brakes performance and the car wont be able to stop as efficiently. A mitigating action that can be used to lower the Risk priority number is introducing a torque wrench. A torque wrench would allow the employee to accurately implement the brake calliper safely. The overall RPN is 168.
The second potential failure that has been added is incorrect brake size installed. The likelihood of this 
occurrence has been put as 7. This is due to the fact that if there is already nothing to sperate the 
different size brake discs then the wrong size brake disc may be put on. This means that the likelihood 
of occurrence is also quite high at 5. Likelihood of detection on this potential failure is 5.
. This is because if the wrong size brake disc were put onto the vehicle it may still fit on the 
car if the wheels can accompany the bigger size and the fitments are still the same. However, an 
engineer later down the line may notice the difference. The severity for this is 7. This is because 
although the brake disc may fit on the car, they will be more expensive than the smaller ones. This will 
increase the production price of the car and cost the manufacturer more. The overall RPN is 126.

The third failure is brake pads being fitted the wrong way. This has a likelihood occurrence of 8 as brake pads being fitted can happen as they fit facing either way. The severity of this is high at 8. This is due to the fact that if the brake pads were fitted the wrong way then the friction material would not be able to grip the brake disc and slow the car down. This could result in serious injury and cost the company thousands and open the company up to lawsuits. The detection for this is 3. This is because unless the car is being driven it may be hard to see the brake pads fitted the wrong way it as the brake calliper would be covering it. The overall RPN is 192. 
The fourth potential failure is brake line fitting not fully tightened. The likelihood of occurrence for this is 2 as most engineers would tighten the fittings all the way. The severity for this however is high at 9. This is because if the brake line fittings are not fully tightened then brake fluid may leak leaving air in the brake lines. This will result in a spongey brake pedal as well as the brakes not performing as efficiently as they should be. This is the reason that the severity is 9. The likelihood of detection for this is 3. The reason for this is there is no obvious sign that the brake line fittings are loose. The overall RPN to 54.


Post-Mitigation FMEA 
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Figure 2
In figure 2 there is the Post-Mitigation FMEA. The first potential failure solution was the introduction of a torque wrench. This has reduced the likelihood of occurrence and detection to 1. This is because a torque wrench accurately tells you how tight a bolt is. This means that the user will easily be able to mount the bolts to the correct torque. However, the severity has stayed the same. The potential risk that remains is the torque wrench maybe inaccurate. Overall, this has brought the RPN down to 7. This is very low number and shows that a small change can greatly effect the chance of mistakes being made. 
The second Mitigating-Action is separate housing for parts and clearly labelled parts. This has reduced the likelihood of occurrence down to 1. Separate housing for the parts would allow for employees to clearly distinguish between each brake disc and not put wrong brake discs on the wrong cars. This will overall save the manufacturer money. The severity of this is still 6 as well as likelihood of detection still being 5. The overall RPN has dropped to 30. The potential risk that remains is the brake callipers may not be labelled correctly. Although the RPN dropped to 12 there is still a chance that products may be incorrectly housed or labelled. 
The third Mitigating action is adding a visual inspection or a poka-yoke system. Poka-yoke is a Japanese term that means mistake proofing. To mistake proof the brake pads a sticker that can only be peeled off when they are placed onto the brake calliper correctly can be implemented. This will allow the employee to instantly see that the brake pad has been installed incorrectly and can easily rectify the mistake. A visual inspection could also benefit; however, it may be hard to spot the brake pads the wrong way around if the calliper is in the way. The likelihood of occurrence in the amended FMEA has been reduced to 1 following the implementation of a poka-yoke system. However, the severity is still high due to the fact that if this system does fail and the brake pad is implemented in the wrong direction it can have a catastrophic effect on a car breaking performance. 
The fourth Mitigating action is adding a physical inspection. A physical inspection of the brake line fittings would allow for a second employee to make sure that all fittings are correctly tightened. This has dropped the likelihood of occurrence down to 1. However, the severity is still high. This is because that brake lines are very crucial to cars stopping safely so imperfections in the brake lines is very dangerous. A potential risk that still remains is the brake lines being fitted too tightly. A torque wrench would not benefit this as they would be hard to navigate. 

[bookmark: _Toc54387075]Conclusions 
To summarise the findings found in the assignment proper implementation of different systems can be extremely beneficial to a manufacturer. Potential failures can cost a company time, money and in some cases can result in lawsuits and recalls. Identifying these problems before they become problems is the best and most cost-effective way to run a workplace. 
FMEA is a very effective way to achieve this as it clearly states the problem, the likelihood of occurrence, the severity of how bad the problem can become, the likelihood of detection as well as mitigating actions that are recommended to avoid the potential problems.  FMEAs are very concise and straight to the point.  
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