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1. [bookmark: _Toc89012456]Introduction
This report will identify the roles and responsibilities of leading an engineering team designing a motorcycle helmet, specifically designed for racing purposes with the ability to still be used on the street, making sure that the team is working to a professional standard and that the end product is of high quality. This report will also outline the roles of the different members of the engineering team and how different problems that arise during the development process of the helmet are solved. The ethical and environmental impacts of developing a motorcycle helmet will also be discussed.


2. [bookmark: _Toc89012457]Research – Engineering Team Structure
[bookmark: _Toc89012458]2.1 – Helmet Components
To successfully develop and produce a motorcycle helmet, it is important to identify all of the components that fabricate a motorcycle helmet. The main components that make up a helmet are:
· A thin exterior shell
· Internal liner
· Comfort liner
· Retention System
· Visor
· Ventilation system.
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Description automatically generated]Image 1 - Components of a Shoei X Spirit 3 (Shoei, 2021)

More features can be found in helmets specifically designed for the street, for example an internal drop-down sun visor, however as this helmet is primarily designed for racing application it is advantageous to remove any unnecessary features to keep the weight of the helmet as low as possible.
[bookmark: _Toc89012459]2.2 – Engineering Team Roles
To fully develop and produce a helmet, the following engineers will be required (Ruroc, 2021):
· Aerodynamicist
· Design engineer
· Composites engineer
· Homologation engineer
· Mechanical engineer
· Manufacturing engineer

Each department may have multiple engineers in, all reporting to one head of department. For example there may be multiple design engineers that report to one head design engineer who then reports to the overall project leader.
The role of the aerodynamicist would be to develop and improve the aerodynamics of the helmet as much as possible. Table 1 shows that the more stream-lined body shape has the lowest drag coefficient, resulting in less drag against the rider.
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Description automatically generated]Table 1 - Drag Coefficient of Different Shapes (Sathish Gandhi et al (2014)


The evolution of motorcycle helmets is a good example of how aerodynamic research in the helmet industry has increased over decades. Image 2 shows an AGV Q3 Pro from 1996 which has a much more spherical shape to it than AGV’s current top of the line race helmet, the AGV Pista GP RR seen in image 3, which has a much more streamlined shape to it. 
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Description automatically generated]Image 3- AGV Pista GP RR (AGV Helmets, 2021)
Image 2 - AGV Q3 Pro (Demonerosso, 2021)

The design engineers(s) are responsible for the overall design of the exterior shell and visor. They will use CAD software to design and develop prototypes with the assistance of the aerodynamicist to improve the aerodynamics of the helmet.
The composite engineer in the team is in charge of researching and testing different composite materials that will be used to manufacture the exterior shell of the helmet. There are many different materials that can be used to manufacture the exterior shell, such as ABS and polycarbonate (both thermoplastics) or composites such as carbon fibre, fibreglass and Kevlar (Grayen, 2019). Even though they are typically more expensive, Kostopoulos et al (2002) state that composite materials can absorb a much greater amount of force than thermoplastic materials, whilst also being significantly stronger, stiffer and lighter. Composite helmets can also be designed to include damage mechanisms, for example matrix cracking delamination and fibre breakage, resulting in more energy being absorbed by the helmet (Fernandes, Alves de Sousa, 2013). Due to these benefits, only composite materials will be considered for the manufacture of the helmet.
To ensure that the helmet produced is suitable for race and road use, it is important that it meets all homologation requirements that it needs to. The homologation engineer will be responsible for managing all required certification paperwork to ensure that the helmet qualifies to be used in both race and road scenarios.
The mechanical engineer’s role would be to research and develop the thickness, density and shape of the inner EPS liner of the helmet. The EPS inner liner of the motorcycle helmet is designed to be crushed under load during a crash. This increases the distance the rider’s head has to move in the helmet, increasing the amount of time the head is decelerating, therefore reducing the head’s deceleration and the amount of force that the head receives (Fernandes, Alves de Sousa, 2013). 
The role of the manufacturing engineer is to oversee and manage the manufacturing processes of all components of the helmet, whilst also developing production lines.
Outside of the engineering team, graphics designers will need to be hired to produce different graphics to be printed onto the outer shell of the helmet. A marketing and sales team will also need to be recruited to promote the helmet and to handle the sales of the helmet to stores. Once the helmet has been through the prototype stages and has been fully developed, manufacturers will be contacted to outsource production of the helmet to them.

2.3 [bookmark: _Toc89012460]– Engineering Codes of Conduct
The Royal Academy of Engineering (RAEng) and the Engineering Council created a declaration in 2005, and adapted in 2017, that contained four main principles that created the codes of conduct that all registered engineers, including apprentices and students, should commit to whilst working (Engineering Council, 2020). These four underlying principles are:
· Honesty and integrity
· Respect for life, law, the environment and public good
· Accuracy and rigour
· Leadership and communication.
These principles state that one of the main responsibilities of all engineers is the safety of the public (Engineering Council, 2020). This is especially relevant in the design and manufacture of a motorcycle helmet. This is due to the fact that if the rider crashes and the helmet does not protect the rider the way it was supposed to through a fault in the design/manufacturing process, then the engineer may be held responsible.


3. [bookmark: _Toc89012461]Methodology – Product Development
The first step of designing and producing the helmet would be to create the basic shape of the outer shell of the helmet. The design engineer would take their initial ideas and use CAD software to create a CAD model of their design. Once a model has been produced and fabricated, it would be taken to a wind tunnel by the aerodynamicist to see where the aerodynamics of the helmet could be improved upon. The information gathered at the wind tunnel would then be reported back to the design engineer who would alter the helmet’s design accordingly. This process will be repeated multiple times to improve the helmet’s aerodynamics as much as possible. Shoei (2021) state that by using their wind tunnel, they are able to produce more streamlined helmets that increase performance by reducing the amount of buffeting, noise and lift whilst also increasing the amount of air flow the helmet receives. Vent inlets and exhausts will also be included in the design process of the outer shell.
To design and manufacture the inner EPS liner of the helmet, the mechanical engineer will first use CAD software to design a mould that is used to then produce the EPS liner for the helmet. Multiple moulds of different sizes will be required so that multiple sizes of EPS liner can be produced for different helmet sizes. Different densities of foam will also be required for different sections of the helmet, as seen in image 4. Image 5 shows an EPS liner mould for a Nolan N90 helmet (Rick, 2017). Channels will also be created in the EPS liner to allow air to flow in from the vents of the helmet to the riders head, however it is important for the mechanical engineer to research and test where these channels should be, as removing too much material from the EPS liner may compromise the safety of the helmet.
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Description automatically generated][image: ]Image 5 - EPS Liner Mould (Rick, 2017)
Image 2 - Different EPS Liner Densities for Top and Sides of Helmet (Rick, 2017)


The composites engineer will be researching and testing for which composite material is ideal for the outer shell of the helmet. Once the most suitable composite has been identified, there are multiple ways in which the exterior shell of the helmet can be manufactured. One such way is through bladder moulding using prepreg, a fibrous material that has already been pre-impregnated with certain synthetic resins (Fibreglast, 2021). An inflatable bladder with prepreg already laid on top of it is placed into a mould that corresponds to the shape of the outer shell of the helmet, which is then closed to form an airtight seal. The mould is then placed into an autoclave where enough heat and pressure is introduced to force the material to take the shape of the mould (Pierce, 2011).
After the inner comfort liner, chinstrap and visor have been designed and produced, all the components are assembled together to complete the helmet. Multiple helmets will be produced to undergo testing so that they meet all required certifications.
During the entire design and manufacturing process, it is important for the whole team to meet up on a regular basis and communicate to each other on how the development of their certain component of the helmet is going. This is vital due to the fact that if the team members do not communicate and develop each of their components separately, when the helmet is being assembled some components may compromise the performance of another part or may not fit at all. To ensure the end product is of high quality, it is important that these regular team meetings happen so that development of each component occurs at the same time. This is so the team members can assist each other, identifying where one certain component will not work with another and where alterations can be made.

4. [bookmark: _Toc89012462]Discussion – Issues, Legalisation & Standards
For the helmet to be suitable for road and race use it must pass multiple homologations that are required in multiple different countries. The global governing body for motorcycle racing is the FIM and since 2020 all helmets used for circuit racing purposes must be approved to the FIM’s standards (Milbank, 2019). However, as the helmet is also being produced for road riding it is important for the helmet to meet the standards that countries governments set. This is more complicated than meeting the FIM standards, as a lot of countries have different standards for helmets to be used on the road. For example, the UK requires motorcycle helmets to meet at least one of the following:
· BS 6658:1985
· UNECE
· A European Economic Area member standard that offers an equal amount of safety as BS 6658:1985 (UK Government, 2015).
This is whilst some states in some states in the USA, helmets must meet the DOT standards (KGD Law, 2020). Not only will making sure the helmet meets all required standards for as many countries as possible be time consuming, but it will also get expensive testing them.
To minimise the risk of causing damage or harm to any personal, it is vital that each component throughout the design process is adequately tested and that all health and safety measures are followed during manufacturing and testing. 
To reduce the environmental impact of the development of the helmet, it is important that all resources, like petroleum for the EPS liner, that are used for manufacturing are from sustainable and ethical sources. Although it will be more expensive than buying the cheapest materials and therefore increase the retail price of the helmet, it will help to preserve the environment and the welfare of the workers which is one of the main points in the Statement of Ethical Principles declared by the Engineering Council (2020). Different materials may need to be used in the future for certain components as resources like petroleum used to produce polystyrene are finite.  It is also vital that when the helmet manufacturing is outsourced to factories, the working conditions for the workers is of a high standard.


5. [bookmark: _Toc89012463]Conclusion
In order for the development of the motorcycle helmet to be successful, it is critical that all members of the team communicate on a regular basis throughout the entire development and production of the product, otherwise it is bound to fail. Alongside communication, it is also vital that all members of the team work to ethical and professional standards, only sourcing materials from ecological and sustainable areas. The areas where materials are gathered must also have high standard working conditions for their workers and only outsourcing production to factories that also have good working conditions alongside high health and safety standards to protect the workers from harm.
After obtaining my degree, I would like to go on to become a design engineer responsible for the design and delivery of components using CAD software for a motorcycle manufacturer. To achieve this, I would need to learn how to communicate and collaborate with the team I was working within effectively. I would also need to develop my time management so that I could deliver my work to the correct specification and quality on time before the deadline.
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