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[bookmark: _Toc88579290]Introduction
[bookmark: _Toc88579291]Aims
The main aim of this report is to provide an overview of the development process of a motorcycle from team structure through product development to any issues that need addressing. 
[bookmark: _Toc88579292]Objectives
Initially an engineering team structure will be evaluated with regard to types of engineers required as well as other departments that need to be involved in the development process. Moreover, the code of conducts that the engineering team will be expected to abide by will be discussed. 
The development process of a motorcycle will be described from the initial design stage to the final product with use of problem solving solutions to overcome any problems that may arise.
Any issues that have to be dealt with and any regulations that have to be met will be evaluated throughout all aspects of the development process. 

[bookmark: _Toc88579293]Research
Team structure is important to ensure team efficiency. Communication among different types of engineers with different areas of expertise is essential in the development process. Although each of the different types of organisation structure have their advantages and disadvantages, a matrix structure would be preferrable in an engineering team as it communication between engineers is improved over functional and divisional structures. (Smith, 2002, p.225-230)
The marketing department of the company will need to be consulted in the design process of the product to ensure that there is a demand in the market for the motorcycle. Moreover, the finance department will also play a big role in the design and development process as the motorcycle needs to manufactured within budget. (Bramley et al, 2005, p. 231,233)
The main types of engineers involved in the development and production of a motorcycle include design, manufacturing and quality engineers. There are many types of design engineers specialising in different fields such as aerodynamics, testing, software, electrical and mechanical engineering. Manufacturing engineers will focus on the manufacturing process of the components and assembly of the motorcycle. This process includes automation of the manufacturing  process with use of tools that have to be designed. Finally the quality engineers provide an important role in ensuring the quality of the final product is up to standard. Quality engineers will have to work in conjunction with design and manufacturing engineers to change any design or manufacturing processes in order to improve the quality and consistency of the final product. (Automotive Engineering HQ, 2014)
All engineers must consider and adhere to a professional code of conduct during the development of a motorcycle. The Institution of Mechanical Engineers (IMechE) have four principles for their code of conduct as listed below:
1. All members shall act with care and competence
2. All members shall act with integrity and in a reliable and a trustworthy manner
3. All members shall engage responsibly with the environment
4. All members shall contribute positively to the culture and public perception of the profession and the institution
(IMechE, 2021)
Each of these codes of conducts corresponds to many different responsibilities an engineer has. The first code of conduct refers to keeping up to date with an engineer’s learning and recognising any limitations an engineer has. This is incredibly important especially in the automotive industry as technology is always rapidly progressing. Moreover this first code of conduct relates to taking care with regard to health and safety and identifying and limiting any risk. The second code of conduct encompasses issues involving bribery, corruption, deception, bias, confidentiality and conflicts of interest. It ensures that any decisions made in the development process are not swayed by any outside influence and also makes sure that the client is getting what is promised. The third IMechE code of conduct refers to the environmental impact of the product. Considerations need to be made with materials, ensuring that they are sustainable and any natural resources being consumed are not wasted carelessly. Moreover, future thinking is required as even if a product meets the needs of the present does not mean it will meet the requirements of the future. The last rule refers more to ensuring the institution is represented in the appropriate way. An engineer has a responsibility to represent the institution and the company they work for in a positive way. These code of conducts are very important to being a successful engineer. (IMechE 2021)



[bookmark: _Toc88579294]Methodology
The development process begins with the design of the product. This is not an exact science but more of an art. (Fosmire and Radcliffe, 2014, p 8). Care has to be taken to ensure that the individual parts of a motorcycle will fit together to make the final product by use of effective communication between engineers. As per the professional code of conducts of engineers, it is vital in the design process of a motorcycle to consider health and safety and the environment as well as any requirements the motorcycle will have to meet to be produced. Problem solving is essential in the design of a product to overcome any problems and therefore producing a good design. Modern engineering uses an integrated approach where many different departments work together to solve multiple problems with one solution or design. This allows a product to be quicker to market. (Madsen and Madsen, 2016, p.950-951) A problem can be identified as “Knowledge rich” or “Knowledge lean” (Gilhooly, 2019, p2). The difference between the two is whether expertise or extensive knowledge is required to solve the problem. Hence, communication among engineers of different expertise is essential to overcome problems in all aspects of the development process of a motorcycle. 
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Description automatically generated]The next step after the design of the motorcycle is the manufacturing process. The manufacturing process has to be designed with regard to tools and special equipment to ensure the repeatability of high quality parts. For example, the design of frame jigs to allow repeatable production of dimensionally identical frames as shown in figure 1. The tour of the new Norton factory by Bennetts Bike (2021) shows a good insight into the manufacturing and quality checking processes of a motorcycle manufacturer. 
Figure 1 – Example of a frame jig for a Norton Motorcycle (Bennetts Bike, 2021)
[image: ]The quality control and checking of the production process of a motorcycle happens throughout the design and manufacturing process as well as final inspections when each motorcycle is finished. Quality engineers have a hand in the design process to ensure any materials used and supplied parts are of sufficient standard to use in the motorcycle. Moreover, throughout the manufacturing process it is vital to ensure that individual parts are traceable back to the machine and engineer that made them. This therefore means that the processes used in manufacturing can be evaluated and amended if required to ensure a high quality part and therefore a high quality final product. For example Norton motorcycles use a QR code printed on the back of every motorcycle frame to provide all the manufacturing information of that particular frame as shown in figure 2. (Bennetts Bike, 2021)
Figure 2  -  QR code printed on the frames of Norton Motorcycles (Bennetts Bike, 2021)

The quality standards can vary depending on budget and market. For example a very cheap motorcycle may not have to conform to the same quality control as a higher priced motorcycle where reliability and aesthetic finish is paramount. 


[bookmark: _Toc88579295]Discussion
There are many issues when designing a motorcycle that will have to be considered. There is a risk when designing a product that it won’t be economically viable. Whether that’s due to budget or ensuring there is a market for the final product. This is where the marketing team are used to identify potential income from the product. (Smith, 2002, p37). 
Health and safety has to be carefully evaluated in the development process of a motorcycle. Initially in the design process, simple things such as the shape and physical features must be thought about. For example, not having any sharp edges that may harm anyone from within the development of the motorcycle to the end user. On top of this health and safety must be managed during the manufacturing process by ensuring proper personal protective equipment is used. Moreover, considerations must be made with regard to the use of different materials. For example no longer using asbestos in brake pads. (Day, 2014, p.14) For the end user, decisions must be made on any safety features that the motorcycle may need such as traction control and anti-lock braking systems (ABS). Although ABS is now required on new motorcycles being produced since EURO 4 in 2016, traction control is not a requirement by law. At an extra cost, traction control may be considered depending on the size, weight and power of the motorcycle. 
As the IMechE code of conduct states, “All members shall engage responsibly with the environment”. (IMechE, 2021). In relation to a motorcycle, materials and exhaust emissions have to be considered. The choice of materials used in the different parts of the motorcycle has to be balanced between cost and harm to environment obtaining them may do. Moreover, if unsustainable materials have to be used every effort must be taken to reduce wasting these materials in the development process. The quality of the materials used and therefore the quality of the final product must be considered. Current emission regulations have to be met as well as thought given to future emission regulations and how the design of the motorcycle can be altered to achieve them. On top of this adaptability of fuelling is required to maintain emission regulations under varying conditions such as altitude and temperature. Therefore, the latest technology in ignition and fuel systems, with use of accurate sensors and mapping, is required to achieve this. (Denton, T, 2004, p.210-213)
Ethical considerations must be made to ensure that any decisions made are in the interest of producing a product without any bias. Moreover, technical specifications released to the public need to be honest and truthful. For example, revealing truthful technical specifications to ensure the end user are not being deceived when buying the final product. (Whitbeck, 2012, p. 20)

[bookmark: _Toc88579296]Conclusion
As discussed above, a lot of different things need to be considered to successfully develop a motorcycle. Most importantly keeping health and safety, budget, environmental impact and quality of the product in mind. 
After completing the motorcycle engineering course I aim to become a race engineer and hopefully get into MotoGP. To achieve this I will need experience being involved in race teams and it is vital that I remain up to date on MotoGP technology. 


[bookmark: _Toc88579297]References
Automotive Engineering HQ (2014) Automotive Engineering Careers – The Complete List Available at: https://www.automotiveengineeringhq.com/automotive-engineering-careers/ (Accessed on: 21/11/21)
Bennetts Bike (2021) Norton Motorcycles: New Factory, New Boss (Factory Tour and Interview with CEO, Robert Hentschel) Available at : https://www.youtube.com/watch?v=U7UIdEnYyvU&t=672s (Accessed on: 14/11/21)
Bramley, A et al. (2005) Advances in Integrated Design and Manufacturing in Mechanical Engineering. 1st edition. 2005. Dordrecht: Springer Netherlands.
Day, A. J. (2014) Braking of road vehicles. Oxford: Butterworth-Heinemann.
Denton, T. (2004) Automobile electrical and electronic systems. 3rd ed. Amsterdam ;: Elsevier Butterworth-Heinmann.
Fosmire, M. & Radcliffe, D. F. (2014) Integrating information into the engineering design process. West Lafayette, Indiana: Purdue University Press.
Gilhooly, K. J. (2019) Incubation in problem solving and creativity : unconscious processes. Abingdon, Oxon: Routledge.
IMechE (2021) Code of Conduct Regulations – Revised 2021 Available at: https://www.imeche.org/docs/default-source/1-oscar/About-us/governance/code-of-conduct-regulations.pdf?sfvrsn=2 (Accessed on: 14/11/21)
Madsen, D.A. and Madsen, D.P. (2016) Engineering drawing & design. 6th edition. Boston: Cengage Learning.
Smith, N. J. (2002) Engineering project management. 2nd ed. Ames, IA: Blackwell Science.
Whitbeck, C. (2011) Ethics in Engineering Practice and Research. Second edition. Cambridge: Cambridge University Press.

image2.jpeg
\\




image3.jpeg




image1.jpeg
PRIFYSGOL CYMRU
Y Drindod Dewi Sant
UNIVERSITY OF WALES

Trinity Saint David

SWANSEA - ADERTAVIE





