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Introduction 
Here we will be looking at some of the basics and important things to know when working in the car industry, this can vary from a mechanic to someone working in composites, and how they can be very different in terms of risk and job, but both have to follow necessary precautions to keep themselves safe. It's vital for engineers to know about risk management, especially as the risk for an accident is quite high in engineering and can also be extremely dangerous. Here I hope to give some insight into what isn't always talked about in engineering, the health and safety aspect. This plays a huge role in engineering. I will cover a variety of things from basic precautions and PPE to FMEA and how we can reduce the risk of workplace accidents using risk matrix and risk assessments, and how we can use FMEA to reduce this even further. 

Research 
Engineers are held to high expectations, especially as they make some of the most important and vital things we use in our day-to-day lives, this includes, technology (phones, computers, tv, etc), buildings, transport, medicine and much more. Things we use in our everyday lives are probably made by engineers. 
Engineers are held to high standards as they design, produce and manufacture some of the most sophisticated and complex things, but also everyday things which are constantly improving. This is also why failure in engineering is deemed unacceptable and inadequate. Especially things like cars if they are made incorrectly as they can result in serious injuries and damage, which can cost a lot of money. But engineers also have a responsibility to carry out work ethically and safely. Otherwise, it could spark major controversy. Plus, if an engineer carries out his work to a satisfactory level or is lazy then it could look very bad for his employers and even worse if he cuts corners resulting in a faulty product or serious damage to a building or even people. Resulting in lawsuits and loss of money, maybe even losing their business. People expect engineers to build things to a high standard, so it protects them, the engineers and the reputation of the engineers. 
Engineers must also follow the codes of conduct. This has 4 main rules that engineers are expected to follow. They are: 1) Practice competently & maintain up to date skills, 2) Act with integrity & respect for others, 3) promote sustainability, 4) Exercise engineering leadership. 
The first rule expects engineers to act with care. Maintain professional knowledge and a record of continuing professional development, and to do this responsibly. ‘Only undertake professional services in areas of current competence.’ ‘Should disclose any relevant limitations on our competence to undertake professional work.’ Strive to limit risk in all aspects of professional work. Ensure to maintain adequate professional indemnity insurance either via employer or personally. 
The second rule expects engineers to act responsibly and to not intentionally mislead someone or allow others to be misled. Also, engineers should always respect confidentiality obligations whether expressed or implied. They should also present and review engineering evidence, theory and interpretation with honesty, accuracy and non-bias. Must always avoid deception and refrain from corrupt practices, and to reject bribery or to record any gifts or hospitality received. Must also declare any conflicts of interest. Do not implicate the institution in oral or written correspondence. 
The third rule expects engineers to recognise the importance of socioeconomic and environmental factors and to comply with any and all obligations for health and safety and environmental protection. To take account of the needs of a diverse environment, while never knowingly or deliberately exploiting natural resources. 
The fourth rule expects engineers to ‘contribute to public discussions on engineering matters within own area of competence in an objective, clear and truthful manner.’ Should take positive action when encountering unmanaged risks or negligent behavior. To always advocate and support the extension of ethical practices, and to always respect the rights and reputations of others and to support and encourage diversity within the engineering industry. 
There is also the requirement that engineers are expected to follow health and safety regulations and wear PPE. This can include a variety of things and can also vary depending on the type of engineering. For example, car manufacturers and mechanics would predominantly wear steel toe cap boots, and occasionally safety goggles and masks depending on what sort of work they were doing. But if they were in the composite side, they would wear a lot more equipment to keep them safe, such as, steel toe cap boots, lab coat, gloves, mask, and safety goggles. Usually because they handle a lot stronger chemicals and materials, which can cause serious health hazards. Health and safety regulations can include warning signs, equipment signs, requirement signs (such as wearing boots in certain areas), and fire exits. 
The reason there are health and safety risks are because engineering can be extremely dangerous and occasionally can result in serious injuries or even fatalities. Here are some statistics given by the Health and Safety Executive (HSE):
· 111 workplace deaths
· 65,427 reported workplace injuries
· 38.8 million workdays lost
· £16.2 billion cost to industry 
· 1.6 million people suffering from work related illnesses 
It is both upto the employer and employees responsible for health and safety in the workplace. The employer has a responsibility to make sure all the PPE (Personal Protective Equipment) is supplied to the workers, or let them know whether it will be supplied or not, so they have to go and buy it themselves. It’s also upto the employer to provide fire extinguishers, alarms, signs and fire exits and more. 
Working with electricity can actually be really dangerous, and there are a lot of hazards that come with it. Some of the main hazards are electric shock and burns from contact with live parts, injury from exposure to arcing, fire from faulty electrical equipment or installations, explosion caused by unsuitable electrical apparatus or static electricity igniting flammable vapours or dusts, for example in a spray paint booth. When working with electricity its vital to ensure that the electrical installation and electrical equipment used is suitable for its intended use and the conditions in which it is operated, and only used for its intended purpose. Its also really important to make sure there is no water nearby any electrical outlets, as they can become live and make the surrounding area live too. Maintenance is also really important as it can prevent risk of an accident. Only people who has suitable training, knowledge and skill for the task to not only prevent injury from themselves but others aswell. To reduce the risk of electric shocks engineers can wear rubber gloves and rubber boots, or soles. 
Control of Substances Hazardous to Health (COSHH) is the law that requires employers to control substances hazardous to health. The substances can include chemicals, fumes, dusts, vapours, mists, nanotechnology, gases, biological agents and germs. But does not include lead, asbestos or radioactive substances. If you are working with these substances it might be worth installing fans or even a separate airtight room to contain these substances. Or have training courses to reduce to the risk of accidents aswell as having plenty of PPE, this can comprise of respirators, protective gloves, protective clothing, protective footwear and eye protection, all of these can vary slightly in the material or design depending on what work is being carried out and what substances are being used. 
It's also vital for engineers to know their limits and to only conduct work in specific areas of their own competence, otherwise it could be built incorrectly possibly resulting in money to correct it, injuries and even fatalities. They should also strive to identify and reduce risk involved in work or wherever possible, and to always actively pursue the best outcome. Plus, constantly expanding their knowledge and range of competencies. Engineers can do this by attending education, such as seminars, in house training, conferences, write and publish papers/articles, places of higher education (university) and attending a postgraduate course. Or possibly becoming a member of a professional society, such as institute of mechanical engineers (IMechE), or incorporated status or chartered status. These can all offer career opportunities and benefits. 
There are many risks involved in a workplace which is why it's so important to have a risk matrix and risk assessment carried out. Whenever we are using tools, materials or hazardous substances. This is to reduce the risk of accidents. There are a few things that we must do before allowing people to work with these. We must assess the potential risk, identify a potential risk and ask ourselves ‘how likely is it to occur?’ or ‘how severe will it be if it occurs?’ We can then use this to create a risk matrix (as seen below) to see how often or how serious the risk can be. From here we can create a risk assessment (as seen below) and recognize all possible risks beyond just personal injury. We must assess each aspect of each risk, such as machinery, materials or hazardous substances, and predict the likelihood of occurrence, severity of risk and impact of risk. From here we can mitigate the risk. If we are working with heavy machinery we can make sure there is training prior to using the machines, or if one person is working then to have someone supervise and have them both wear safety gear. If we are using hazardous substances then we can do something similar, training, supervision and PPE, or we can even have the substances locked away if they’re chemicals, or install fans or extractor fans if there is any residue produced. 
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Initial FMEA 
	FAILURE MODE & EFFECTS ANALYSIS (FMEA)
Process Name: Braking Component Installation Process 


	Failure Mode 
	Likelihood of Occurrence 
Rate 1-10
10 being highest probability 
	Severity 


Rate 1-10
10 being most severe 
	Likelihood of detection 
Rate 1-10
10 being lowest probability 
	Risk Preference Number (RPN) 

	1) Brake calliper mounting bolts not torqued to correct level
	
3
	
8
	
3
	
72 

	
2) Incorrect brake disc size installed 
	
3
	
4
	
5
	
60

	3) Brake pads installed in wrong orientation, with friction material not contacting disc surface 
	
2
	
9


	
7

	
126

	
4) Brake line fitting not fully tightened 
	
2
	
8
	
5

	
80



In order to find the RPN we time the likelihood of occurrence, severity and likelihood of detection together to get a value. 
Mitigating Actions Recommended
Failures are inevitable, they are bound to happen at some point, usually by mistake which is normal, so we must be ready should it occur. For all of them one way to reduce risk is to have a second person double check, for example, the components or the torque level in case the first person missed it. Or have a checklist and have a few or several people check it and tick it off when its done to make sure it isn’t faulty, and if it is then to change it. Or possibly have a few different people working on different parts the braking system of the car, and when each of them has finished their job they move around and check the other parts to make sure it’s okay. Sometimes a practical test helps to make sure it’s fitted correctly, for example, pushing down the brake pedal to check the pressure in the brake line or rotating the wheel and pushing the brake pedal to see if there’s any unusual sounds or less effective braking on one or more wheels. 
I believe the likelihood of the incorrect torque levels occurring is quite unlikely as in most factories there are usually checks carried out by several workers to double, triple check it’s all working correctly. If this were to go unnoticed, I believe this is severe, and very dangerous, as it could result in the car performing less effectively and resulting in a crash, which could look bad for the company, and possibly people losing their jobs. But the likelihood of this being detected I think is also quite high, especially if there’s other people checking it. 
I think there is a slightly higher chance of the incorrect brake disc size occurring as sometimes it can be quite hard to judge the size if they are all similar, but I don’t believe they are as serious as the others, while it does reduce the overall performance it’s not as likely to cause serious repercussions. Plus, its usually quite easy to see if it’s the wrong size, sometimes it might not look right, it doesn’t fit the other components correctly, or it might not fit the brake calipers correctly. 
The brake pads are located within the brake caliper, they fit either side of the rotor and these are the components that are used to slow the car down by squeezing against the rotor. Sometimes they get placed the wrong way round within the caliper so the non-friction side is squeezing against the rotor, which is actually really dangerous as it can cause serious damage to the brake itself, make it much less effective, unbalance the car when braking and can have some major consequential effects. Sometimes it can be missed quite easily, especially if the other parts have already been installed and the bolts have been tightened, but can usually be detected in a practical test as it would take longer for the wheel to slow down and can make a loud screech. 
The brake line being fitted correctly is one of the most important things when building the vehicle, so I think it’s quite rare that it would go unchecked, plus it can also cause critical damage, and result in serious accidents. Plus, in order to keep the pressure in the brake lines the bolts must be torqued quite high. The likelihood of it being detected is also quite high, especially if a practical test is carried out as the brakes wouldn’t be as effective. 

Post-Mitigation FMEA
	FAILURE MODE & EFFECTS ANALYSIS (FMEA)
Process Name: Braking Component Installation Process


	Failure Mode 
	Likelihood of Occurrence 
Rate 1-10
10 being highest probability 
	Severity 


Rate 1-10
10 being most severe 
	Likelihood of detection 
Rate 1-10
10 being lowest probability 
	Risk Preference Number (RPN) 

	1) Brake caliper mounting bolts not torqued to correct level
	
2
	
8
	
2
	
32 

	
2) Incorrect brake disc size installed 
	
2
	
4
	
5
	
40

	3) Brake pads installed in wrong orientation, with friction material not contacting disc surface 
	
2
	
9


	
5

	
90

	
4) Brake line fitting not fully tightened 
	
2
	
8
	
2

	
32



If the actions I discussed regarding having multiple engineers check each part of the braking system and tick it off or having the engineers check the other parts of the braking system after having done their own, in the initial FMEA were carried out then I think the overall RPN would greatly decrease. As a result, there would be less risk of accidents, and if the car looks well engineered then it would also look better for the company as the cars look as though they’re made to a higher standard. 

Conclusion 
In conclusion I found that being able to assess risks in the workplace and creating a risk matrix or risk assessment is a really effective way to mitigate risk. I think that being able to categorise certain risks into different areas and being able to find all possible risks is a good way to start, from here we can determine which is the most hazardous and which should be monitored the closest. Then we can discuss what sort of steps can be taken to mitigate this risk. In the FMEA I mentioned having multiple people working on the car at once, and then checking the work after having finished their own, this is good because there are plenty of chances to minimize the risk of the car not being built correctly, but also bad because it could become more crowded and more tools are out at once which can cause a possible hazard. I believe FMEA is a good thing for mitigating risk as it can give engineers a way of checking their work and think about possible hazards they might not have considered before. Plus working on cars they might be more mindful of what they are doing at the time to make sure there is less risk and that the car is built to optimum performance. 
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