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[bookmark: _Toc120451947]Introduction
This report covers and discusses the importance of specified roles within the workplace of a team of engineers to develop and produce brake pads for road use in a motor vehicle. The relationship and communications within the project and/or company to produce the brake pads will also be discussed, in effort to further understand how an engineering team operates successfully. The report will also display how an engineering team must be environmentally conscious and must abide to the codes of conduct within their department. This report aims to provide an understanding of how a team of engineers would work well together to design and produce a product of high standard, whilst also considering key surrounding factors to the project and their impacts. 

[bookmark: _Toc120451948]Engineering Team Structure
It is essential when creating your own business to have a clear and concise team structure within your company, whether that is different for each project or consistent across all activities. A good team structure is extremely significant in the quality of product through all stages, from design through to shipping and handling of the finished product. One of the most popular team structures, used in various industries is “The Functional Model” in which there is segregation between departments overseen by one, or a group of managers, who are solely responsible for communication between departments, also shown in Figure 1 (Paratey, 2016).  In addition to this, Paratey, 2016 also mentions “The Pod Model” shown in Figure 2.  Within the pod model, you have teams separated into developing separate products or parts of a product each with their own team leaders, however they are free to talk to other departments to discuss ideas. In the case of Paratey, 2016, this structure yielded a more positive result than “The Functional Model” with overall improved efficiency within the company and they were able to produce higher quality products at a faster rate than they were before. Another advantage if this structure is that the “pods” can be disbanded and rearranged at ease for projects with different requirements, making a strong structure for a business with projects that vary in what expertise is needed. A third structuring option would be the “Triad” team structure. As shown in Figure 3, there are three specified departments, with a small team in each department dedicated to working with a neighbouring department, such as a group of line managers, and then an even smaller team that works with all other departments, usually the general manager. This team structure is strong as each departments can solely focus on their own work and don’t necessarily need to worry about the other departments, as long as they work within their constraints given by the line managers. An advantage of this structure is the scalability of it. The triad structure can work with any size teams, from start-up companies all the way up to major corporations such as Facebook (Austin and Faus, 2019).
[image: Timeline

Description automatically generated]
[bookmark: _Toc120451955]Figure 1 - The Functional Structure, sourced Paratey, 2016
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[bookmark: _Toc120451956]Figure 2 - The Pod Structure, sourced Paratey, 2016
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[bookmark: _Toc120451957]Figure 3 - The Triad Structure, sourced Austin and Faus, 2019

All research above clearly indicates the importance of team structure within a functioning business and potential ways in which staff could be laid out for a project. “The Pod Structure” seems to be the best fit for an engineering team, whilst also incorporating aspects of the “Triad Structure”.

In every industry there is a code of conduct and ethics, engineering is not an exception to this. A reputable team of engineers must abide by these codes in order to produce a high quality and ethically sourced/produced final product. Most societies create and maintain their own individual codes of conduct, for example, the Institute of Mechanical Engineers (IMechE) have their own code of conduct handbook, which I have summarised into Table 1 (Institute of Mechanical Engineers, 2021).
[bookmark: _Toc120451961]Table 1 - Institute of Mechanical Engineers Code of Conduct Summary, sourced IMechE, 2021
	Care & Competence
	Integrity, Reliability & Trust
	Environmental Responsibility
	Perception of the Institution

	Must maintain and record professional knowledge and development
	Must produce truthful information and not allow the spread of misinformation
	Environmental and socio-economic factors must be considered
	Must contribute to their respective areas of expertise in a truthful manner

	Must be competent in an area to accept work
	Must not be biased and produce evidence and theory correctly with their interpretation
	Must consider the needs of the environment and the impact they have
	Must respond appropriately to malpractice or unnecessary risk

	Must minimise risk to themselves and others
	Must be respectful towards others
	Must not compromise future generations
	Must act to rid bias, whether from themselves or others



It is crucial that any engineering team abides to the code of conduct as to remain reputable and trustworthy, therefore the product is more likely to sell, and the company is more likely to grow and expand.

[bookmark: _Toc120451949]Product Development
Brakes are potentially the most important series of parts on any motor vehicle, and of that series of components, brake pads are the ones doing the most work. For a vehicle to decelerate, kinetic energy needs to be lost, braking systems use friction to convert kinetic energy into heat, which is then dissipated through the brake discs. The brake pads are solely responsible for applying friction onto the brake pads creating heat, therefore a brake pad must be able to withstand high heat levels, up to 800⁰C while maintaining a high coefficient of friction, however they must also have a relatively long-life cycle (Kijanski et al., 2020). Brake pads used to commonly be made out of copper-based materials, yet in recent years there has been a shift and some teams have tested alloy brake pads, particularly with iron and aluminium due to the negative effect that copper brake pads have had on aquatic life (Bhatt et al., 2021). Bhatt et al also found that these particular alloys seem to have a lower density compared to iron, steel and copper whilst maintaining a high temperature corrosion resistance and also the oxidisation resistance was observed to be high. The lower cost of these alloys would be great for developing new brake pads for the market as consumers are more likely to purchase cheaper products if they were made aware of the similarity in performance and the impact on the environment that these new pads would have. 
Another important factor to developing a new product is the competition in the market. The market for brake pads is extremely saturated, with many companies developing and producing their own. Upon research, the author of this report could not find any articles or references on major brake pad manufacturers and the impact their product has on the environment so it can be assumed that this product has the potential to be the first of a new generation of brake pad materials that are less harmful to the surrounding environment, thus filling a gap in the market.
As well as this, the comfort of those inside the vehicle must also be considered when producing brake pads. For example, most customers are more likely to prefer a brake pad that does not produce much noise or squeal compared to one that does. An exception to this would be for performance brake pads as they are known to be a bit louder, compensated for by the increase in performance. Figure 4 shows the improvement in noise and vibration when using iron-aluminium brake pads as opposed to copper (Bhatt et al., 2021). In Figure 4 we are looking at A10 as this was observed to be the overall best option for new brake pads.
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[bookmark: _Toc120451958]Figure 4 - Noise and vibration improvement for iron-aluminium alloy pads as opposed to copper, sourced Bhatt et al, 2021


[bookmark: _Toc120451950]Issues, Legislations and Standards
When creating a company or business to develop your product it is essential that you follow all legislations and standards in the respective industry, not just for the product, but also for the health and safety of everyone involved. The primary legislation in place for workers in Great Britain is the Health and Safety at Work act. This was put into place originally in 1974 and for the first time shared the responsibility between the employers and the employees. In later revisions, this act also clarified the responsibility that the self-employed had over themselves and other people (Health and Safety Executive, 2021). 
In addition to this, the product itself must meet the standards for that specific product. The regulations may differ from region to region, however in the United Kingdom, brake pads must comply to “ECE-R90” standards, to ensure that the quality of brake parts are standardised and maintained throughout the industry (TMD Friction, 2017). The report from TMD Friction, a specialised brake manufacturer, says that all vehicles must use ECE-R90 compliant braking systems if they were sent out onto the road after November 1st 2016, however older vehicles may continue to use the parts from the standards issued at the time of manufacture. The issue with these regulations is that they only state the minimum quality required, so even though you can buy two different sets of ECE-R90 complaint brakes, they could be completely different in quality. TMD Friction is a company that takes pride in their quality, and so tests their brakes extensively, going further than the standards, to ensure customer satisfaction and trust, shown in Figure 5. This is a good practise for any manufacturer as it proves that they have extensive knowledge of their own product, and they are actively working towards bettering the product and potentially future proofing themselves for future legislations.
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[bookmark: _Toc120451959]Figure 5 - The difference between regulations and the tests that TMD Friction undergo for their brake systems, sourced TMD Friction, 2017
Furthermore, it is also important that risk assessments are regularly updated and checked. Risk assessment is usually split into three categories, low risk, moderate risk and high risk (Calder and Watkins, 2007). It is common for companies to use a risk assessment matrix to identify the levels of risk, the probability of the risk happening is usually plotted on the x axis and the severity of the risk is plotted on the y axis. Figure 6 is an example of a risk assessment matrix (Teferra, 2017). Risk assessment is a significant part of any business, as without it there are potential legal cases and it ensures the safety of employees, falling under the Health and Safety Act 1974.
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[bookmark: _Toc120451960]Figure 6 - An example of a risk assessment matrix, sourced Teferra, 2017



[bookmark: _Toc120451951]Personal Development Plan
There is an extensive list of factors that need to be accounted for when starting a business, ranging from financial management to skills that an individual would need to develop. To develop a product for road use I would have to accept responsibility for my company and employee’s actions, as well as the potential effect my product could have on others and the surrounding environment. To create a successful company, the I wouldmake sure to conduct a business study to better understand the competition in industry but also to build awareness of how to run my own business. Brake pads would also require safe working conditions, meaning that I would have to research into the dangers of the materials being used to develop said part and also the workplace that would be used to make the pads themselves. As well as this, the I would want to investigate what team structure is most appropriate for the project, as different projects may require different levels in expertise in different fields. For example, you may want a different team structure to develop a brake pad than you would want to develop the brake disc. As researched shown in this report, the ,materials of the brake disc is also significant as it can completely sway the environmental impact of the company and the product. Furthermore, I would conduct research into the ethicality of obtaining those materials and how I can change the process to become more ethical. Engineering a new version of an existing product will also be hard to market, so I would have to find a unique selling point or a reason as to why my brake pads would be better suited for a vehicle than those that already exist.
On top of all of this, I would also need to work on developing some of my personal skills. I would need to heavily develop my leadership skills as to become a skilled and respected team boss, and one that encourages employees to be more efficient whilst also maintaining a happy work environment. Another skill that I would like to develop for this would be my general creativity as this would benefit in marketing, trying to find new ways to sell or market my product to further increase my chances of breaking into the market 

[bookmark: _Toc120451952]Conclusion
To conclude this report, from the research conducted, it is evident that there are a large variety of factors that will affect the success of creating new brake pads for road use. The author of this report would recommend using a hybrid of the “Pod” and “Triad” team structures to develop new pads as it allows freedom in communication so that the separate components can be designed to fit together without much issue. Finding a new material for the friction face of the pad is extremely important with the push for sustainability and environmental awareness, which is why the alloy material found in the study conducted by Bhatt et al seems to be a good choice, assuming it can be ethically sourced and created as to comply with the codes of conduct shown in Table 1. Furthermore, extensive health and safety procedures should be put in place to meet all safety legislations and to provide a clean and safe workplace for potential employees. Risk assessments will be reviewed at least once a year to maintain these standards. Developing brake pads with new material that has been observed to be less harmful to the environment should make braking into the market relatively easy, with the pressures for environmentally friendly components from the government and also the public.
This report has developed my knowledge of how a business would need to be developed and run to create a successful product whilst also complying to all legislations and standards. In order to achieve my goals of becoming a Motorsport Engineer I would need to conduct deeper research into how an engineering team specifically would be structured to work with the highest possible efficiency and also take part in more motorsport-based activities to further develop my understanding of the industry and the competition within.
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. ESTIMATING PROBABILITY (P) AND SEVERITY (S)

Even if varied techniques are used, it is common to determine the probability or likelihood of
occurrence of risks and if it happens how big, the risk is (severity). The inference can be in terms of qualitative,
quantitative or semi-quantitative scales [8].
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