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Introduction
According to the National Historic Vehicle Survey published by the Federation of British Historic Vehicle Clubs (2020), the average historic car is driven an average of 1200 miles a year. This puts different strains on the systems compared to the regular everyday use automobile, focusing on the braking system, the wear on components is reduced (apart for the vehicles with performance uses like track days) therefor a brake pad is exposed to the elements for significantly more time than the regular daily driven motor vehicle. This usage creates problems with oxidation of backing plates and detachment of the friction material from said backing plate due to the aging of the adhesive that holds both of them together. 
The goal for this project is to develop a brake pad that easily exceeds original manufacturer braking performance specifications while being specially designed for low mileage use cases with a special focus on corrosion and shear resistance, marketed directly at the non-regular use classic car. 
For this an engineering team will develop prototypes ready for stress testing using a mix of brake dynamometer testing, oxidation testing and real-world track testing to ensure the quality of the production version. 

[bookmark: _Toc89029682]Research – Engineering Team Structure
Putting together an engineering team and leading it is a challenging task, and to develop a product such as this, there are a lot of areas of expertise that need to work together and collaborate in order to successfully develop a quality and cost-effective product. Besides the engineering team, marketing and finance teams will also have to cooperate in order for said goal to be achieved.[bookmark: _Toc89038509]Table 1 - Engineering Team Structure


For this to be achieved, it was decided that a total of six teams are going to be crucial for the success of this project as specified on Table 1.
From product design to research and development, all the way over to prototyping or testing the specialities should work as one team to provide the best possible outcome to this project. Establishing a professional code of conduct is important so as to create certain guidelines as to what is expected from a member working amongst this team. 
The code of conduct to be followed will be the same as all Institution of Mechanical Engineers’ member abide by, which states the following rules: 
· All members shall act with care and competence.
· All members shall act with integrity and in a reliable and trustworthy manner.
· All members shall engage responsibly with the environment.
· All members shall contribute positively to the culture and public perception of the profession and the Institution.
(Institution of Mechanical Engineers, 2021)

 

[bookmark: _Toc89029683]Methodology – Product Development
[bookmark: _Hlk89034319]As demonstrated on Table 2, there is a structured arrangement proposal of how product development should take place, ready for every team member to follow and understand what needs to be achieved and at what points the team is meant to take a step back and rethink some of the previous design choices in order improve the product to the best possible product it can be.
Tasks will be distributed within the teams and scheduled via Gantt Charts with clear deadlines and regular meetings to ensure these are being adhered to and discuss any problematic areas arising during the development. Engineering consultants of the various areas of expertise will also be called in to these meeting should it be necessary.[bookmark: _Toc89038510]Table 2 - Product Development Flow Chart

[bookmark: _Toc89038511]Table 3 - Team Structure
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On the first phase, product design and research and development teams will work together on designing a backing plate according to the original manufacturer’s specifications, R&D will simultaneously develop friction material combination proposals.
The proposals will be taken over to the computational fluid dynamics team. There computerised simulations will be performed as to find out which options are viable to take into prototyping.

With a series of prototypes produced, these will be tested in the laboratory with a number of performance (brake dynamometer shown in Figure 1), fatigue, oxidation (pictured in Figure 2) and shear testing. Fensky (2019) describes these processes being used by NRS Brakes, a reputable automotive brake manufacturer based in Canada. The company claims their brake pads are “Rust resistant, unpainted galvanized steel with zinc plating incorporates an award-winning attachment technology called NRSTM” (NRS Brakes, n.d.).
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[bookmark: _Toc89043864]Figure 1 - Brake Dynamometer Testing (Engineering Explained, 2019)
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[bookmark: _Toc89043865]Figure 2 - Sodium Chloride Mist Chamber for Oxidation Testing (Engineering Explained, 2019)

These tests will take the brake pads through the harshest of conditions, making sure that they will not fail with regular on road use they are aimed for. 
The final test will be another on road real life performance test in an automotive proving ground with a professional driver with a specific cycle of hard and repetitive braking meant to stress the brake pads to its limits with telemetry being monitored by a field-testing engineer who will report the final results. 

[bookmark: _Toc89029684]Discussion – Issues, Legislation & Standards
In 1999 Regulation No. 90 of the Economic Commission for Europe of the United Nations (also known as ECE R90) came into force dictating that brake pads should pass certain performance, compressibility, and shear resistance testing. It was mandated that the replacement part should not deviate from its original equipment counterparts any more than 15%. The development team will be instructed not only to produce a product that not only exceeds these mandatory standards but also exceeds original equipment manufacturer’s braking performance making it the safest possible product for road use in the market since they will be responsible for one of the most critical functions on a car, which is stopping. ECE R90 also demands for arbitrary samples to be taken from the production line for testing to ensure their results are consistent with the original tests. Besides that it is also a requirement that the parts are supplied inside sealed packaging and they contain the approval markings shown on Figure 3 stamped in the backing plate.
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[bookmark: _Toc89043866]Figure 3 - Example of ECE R90 Approval Markings for Brake Linings (Official Journal of the European Union, 2010)
The Massachusetts Office of Technical Assistance and Technology (2019) brands brake pads as hazardous waste because of their composition. Asbestos, copper, chromium, mercury, and cadmium are some of the materials that made up brake pads up to this day. Being highly cancerogenic asbestos was outlawed by the UK government in 1999 with only pre-1974 cars being able to use this component in their brake linings only up to 2004 (Health and Safety Executive, n.d.).

Copper and other heavy metal pollution coming from the use of brake pads is exceptionally well described by Environment Canterbury as:
When we use the brakes on our car, fine particles of copper and other metals in the pads flake off and are deposited on our roadways. When it rains, these particles are washed into gutters and through the stormwater system where they flow into our rivers and lakes.
This is the most common source of metal pollutants in our waterways. Other metals in our waterways include zinc from vehicle tyre wear and runoff from galvanised iron roofs.
[image: ]Environment Canterbury (2018)[bookmark: _Toc89029655][bookmark: _Toc89043867]Figure 4 - The hidden pollutant in our brake pads (Environment Canterbury, 2018)

Therefore, the team while preserving the heritage of classic motoring by keeping classic cars on the road is also interested in preserving the future of the environment so that generations to come can appreciate the classic car designs of yesterday while reducing its effects on the world around us. By choosing ceramic friction compounds, brake dust is minimised and therefore particle emissions are reduced.
To ensure that parts produced are correctly disposed of, a scheme will be developed in conjunction with the marketing and financial departments where customers can be financially rewarded for returning their used brake pads to be recycled. The steel of those backing plates can easily be molten and reshaped to press new backing plates out of, while the friction material can be disposed of in an environmentally conscious way. 



[bookmark: _Toc89029685]Conclusion
In the end, for a successful product development it is crucial that a plan is put in place at the beginning of the project so that any flaws are quickly dealt with swiftly, and mistakes are avoided. The consumer’s needs being satisfied to the highest possible standard is the driving factor behind any good product and for this, an excellent understanding of the target market is key and must be present at all times. This, coupled with the knowledge, research and perseverance are the perfect recipe to produce a truly great quality product that is successful within it’s consumer base. 
As for personal development, strong timekeeping skills, defining goals, improving with mistakes and feedback from people around me, and rationalize problems and being comfortable enough to reach out of my comfort zone are only some of the many techniques I try to implement in my everyday life to try and achieve my goals. Many of these also correlate with professional development alongside establishing a quality network within industry and being proactive but most of all, I think, is keeping up with the developments and evolutions of engineering in order to achieve my goal of becoming a professional working amongst this ever-changing industry. 
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