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An engineering teams approach to the design and development of a high performance motorcycle piston
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1. Introduction

[bookmark: _GoBack]This report will cover the necessary skills required within an engineering team in order to create high performance motorcycle pistons, as well as the relations between all departments involved in the design and development process. The report will identify the professional codes of conduct that engineers are expected to abide by. It will also consider risks, health and safety measures required, the environment impact of the product and industry standards required for the part. The goal of this report is to provide the information and understanding needed to ensure all departments are working to a professional level and following all of the correct procedures in order to create a well thought out and designed functional part, with all aspects surrounding the design and development process being taken into account. 


2. Engineering team structure

In order to create a functional product, a structure between all departments involved in the process needs to be put in place. To create a high performance motorcycle piston, a vertical, or hierarchical team structure will be most effective. A project leader will be needed to assign tasks to the other departments and oversee the overall process as the project progresses. The surrounding departments for this project will consist of a design team, a metallurgy team and a manufacturing team. The design team will be responsible for the design of the piston as well as testing their design in stress testing software’s to ensure it will perform as expected and will be able to survive all the different conditions that exist in an engine, such as high temp, very quick acceleration and deceleration and very high pressures in the cylinder. After the design is finished, it will be sent to the metallurgy team, who will decide what the best metal alloys are for this specific use. This team will also perform non-destructive testing on the bar stocks which the pistons will be cut from to ensure there are no imperfections within the metal. The final team involved is the manufacturing team which will be responsible for the machining of the billet pistons to the exact specifications of the design. They also need to be able to create multiple pistons with the same tolerances so it will need to be reproducible. It will then go to a team who will launch and market the product to consumers.
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Figure 2 – Proposed team structure to create a motorcycle piston

Engineers need to abide by professional codes of conduct during all stages of the development process to ensure a quality product is made. These codes of conduct are a guideline for how engineers should act with regards to honesty and integrity; respect for life, law, the environment and public good; accuracy and rigour and leadership and communication. According to The Engineering Council(2017) the engineering codes of conduct are as follows:
“The Statement of Ethical Principles is underpinned by four fundamental principles:
1. Honesty and integrity
Engineering professionals have a duty to uphold the highest standards of professional conduct including openness, fairness, honesty and integrity.
They should:
· act in a reliable and trustworthy manner
· be alert to the ways in which their work and behaviour might affect others and respect the privacy, rights and reputations of other parties and individuals
· respect confidentiality
· declare conflicts of interest
· avoid deception and take steps to prevent or report corrupt practices or professional misconduct
· reject bribery and improper influence
2. Respect for life, law, the environment and public good
Engineering professionals have a duty to obey all applicable laws and regulations and give due weight to facts, published standards and guidance and the wider public interest.
They should:
· hold paramount the health and safety of others and draw attention to hazards
· ensure their work is lawful and justified
· recognise the importance of physical and cyber security and data protection
· respect and protect personal information and intellectual property
· protect, and where possible improve, the quality of built and natural environments
· maximise the public good and minimise both actual and potential adverse effects for their own and succeeding generations
· take due account of the limited availability of natural resources
· uphold the reputation and standing of the profession
3. Accuracy and rigour
Engineering professionals have a duty to acquire and use wisely the understanding, knowledge and skills needed to perform their role.
They should:
· always act with care
· perform services only in areas in which they are currently competent or under competent supervision
· keep their knowledge and skills up to date
· assist the development of engineering knowledge and skills in others
· present and review theory, evidence and interpretation honestly, accurately, objectively and without bias, while respecting reasoned alternative views
· identify, evaluate, quantify, mitigate and manage risks
· not knowingly mislead or allow others to be misled
4. Leadership and communication
Engineering professionals have a duty to abide by and promote high standards of leadership and communication.
They should:
· be aware of the issues that engineering and technology raise for society, and listen to the aspirations and concerns of others
· promote equality, diversity and inclusion
· promote public awareness and understanding of the impact and benefits of engineering achievements
· be objective and truthful in any statement made in their professional capacity
· challenge statements or policies that cause them professional concern” 
3. Product development

The first step of product development is the design of the piston. A group of designers will create a model of the piston in computer aided design (CAD) software. The design team will collaborate with the manufacturing team throughout the design process to ensure the product can be made by the chosen method of CNC machining. They will also collaborate with the metallurgy team so that factors such as high temperature are taken into account as it will affect the characteristics of the metal and the size of the part as it will expand when heated. This design will then be put through structural analysis testing on a computer aided engineering (CAE) software to look for potential weak or failure points. If the product fails the structural analysis testing, it is taken back to the design team who will then change the design to strengthen up the weak spots so that the piston has uniform strength. Once the design is finalised and has passed the structural analysis test, the design will be handed over to the metallurgy team.

[image: Best Price 85mm Diameter 4032 Aluminum Bar - Buy Aluminum Bar,4032 Aluminum  Bar,85mm Diameter 4032 Aluminum Bar Product on Alibaba.com]The metallurgy team will evaluate the design and determine the best possible alloy to use for the part. For this specific motorcycle piston, 4032 aluminium alloy has been chosen as it is very strong, light and has a high silicone content which reduces heat expansion, is great for wear resistance and overall durability (Magda, 2017). This makes 4032 a great choice for reliability for street use while also being sufficiently strong and light weight for racing applications. The 4032 alloy bar stocks will be made in house by heating the metal to a high temperature and pressing it into a cylinder shape to create the bar stock. By making the bar stocks in house, it will ensure all metal used is of high quality and to the exact specifications required. The 4032 bar stocks will undergo ultrasonic non-destructive testing, which utilizes high frequency sound waves to locate cracks and other imperfections in the metal. If the bar stocks pass ultrasonic testing they will be considered certified and have a sticker applied to them so they cannot be mixed up with uncertified bar stock.

Figure 3 – 4032 aluminium alloy bar stock

The certified bar stocks are then sent off the manufacturing team, who will cut the bar stocks to the right shape and then set them up to be machined by a computerized numerical control (CNC) machine to the correct design specifications. The machining process of a piston needs to be incredibly accurate to accommodate for the very tight tolerances in an engine and also needs to be reproducible, so the process of CNC machining has been chosen for this part as opposed to cast or forging. Even though forging the part will typically be slightly stronger as the grain structure remains consistent, CNC machining allows for better tolerances and will still produce a much stronger part than casting. After the piston has been fully machined, the piston undercrowns are blasted to remove sharp edges which can also improve fatigue strength (Magda, 2017).

Once the piston has been fully manufactured, samples need to be handed to the advertising and marketing team in order to sell the product and make a profit. The marketing team will take these samples and attend motorcycle events, such as a motorcycle show, to market the product to private consumers, as well as approach motorcycle racing teams and motorcycle manufacturers with the sample piston. Sponsorships can be arranged with successful teams to show the success of the product, which will encourage others to invest in the pistons. Online advertising will also be used extensively via the use of a website and social media, such as Instagram and Tiktok to advertise to the large audiences that make use of these apps.
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Figure 4 – CNC machining of a piston (Magda, 2017)
4. Issues, Legislation and Standards

Aside from the design and development of the product itself, the other factors than need to be taken into account are the risks involved with the project, health and safety standards, environmental impact and industrial standards.

There are many physical risks involved with the design and development of a motorcycle piston, largely within the metallurgy and manufacturing departments These risks can be managed by requiring that all engineers working in the metallurgy and manufacturing department use personal protective equipment (PPE) such as safety boots, glasses, a hard hat, heat resistant gloves and protective hearing devices when necessary. During the forging of the bar stocks, all engineers involved will be required to wear safety boots, glasses and a hard hat to protect from forge scale, earmuffs and heat resistant gloves.

During the machining process the required PPE will be safety boots as the bar stocks are heavy, glasses to protect eyes from metal shavings created by the CNC machines and earmuffs to protect hearing. It will also be a requirement that all machining engineers will not be allowed near the CNC machines while they are operating.

Other risks associated with the project are financial risks as designing and developing a part costs a lot of resources and money and if the part is not as successful as anticipated, it can harm the company’s reputation and end up costing more than is gained back from sales, which will significantly set back the company and development of future projects.

The health and safety implications for the customer come at a very low risk as the piston is extremely unlikely to fail catastrophically and in the rare event that it does, all pieces of the piston will be contained within the engine and should not cause harm to the rider.

The environmental impact for the piston is quite important as a piston is an essential part of an internal combustion engine (ICE), which are currently being phased out by electric vehicles (EV’s). The sale of new petrol and diesel vehicles will be banned in the UK in the year 2030. As this ban is still 8 years in the future, it is still financially viable to be making and developing ICE vehicles and therefore the parts required for them, such as pistons in this case. Due to the nature of pistons, it is not possible to make it from renewable resources such as wood, however being made from billet aluminium, it should last for the lifetime of the engine and is recyclable when its lifespan is over.

5. Personal development plan

To achieve my goal of becoming a motorcycle engineer in MotoGP, I will have to focus on achieving good grades in all of my courses, stay involved with the Olethros racing team and hopefully gain contacts with engineers currently working in motorcycle racing such as British Superbike (BSB). To achieve these goals, I will need to continue to be motivated and committed to my course and stay on top of all my work. I will need to work on my organisational skills as keeping organised will become more and more difficult in the second and third year. I will need to manage work time and personal time and not procrastinate starting assignements.

6. Conclusion

In conclusion, in order to develop a successful and functional product, there needs to be a set team structure in order to consider all aspects of the design and development as well as potential issues that may arise. The different development teams need to communicate well and clearly with each other, they need to be overseen by the project manager to ensure all engineers working on the part are following the industrial standards to ensure the product can be sold internationally.

This report has expended my knowledge of all the planning and processes that go into developing a part and the collaboration needed between engineers, the project manager and the advertising team to ensure the product is as successful as possible. 
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