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1. [bookmark: _Toc89016237]Introduction
This report will be investigating the process of developing a new full face motorcycle helmet intended for use on the road. The focus will be on the team structure and the methods required to complete this.

2. [bookmark: _Toc89016238]Research 
[bookmark: _Toc89016239]2.1 Project Management
Project management as defined by BS6079 involves the planning and supervision of all aspects of a project as well as the individuals involved to achieve the primary objectives. (The British Standards Institution, 2019)
Therefore, a project manger’s role is to oversee all areas of a project necessary to its completion, to monitor the overall progress to ensure targets are met, to identify potential risks and plan how to overcome these, to communicate the goals and timeline of the project to the team involved and adapt to the projects needs as the tasks are carried out if necessary. (Smith ,2002)

When designing and developing a new product it is important to manage the engineering teams involved effectively to ensure projects complete set goals on time and adhere to constraints set out in the initial phase of product development.
 A common and effective method often used are Gantt charts. Gantt charts are a good visual aid as it highlights start and expected finish times on all aspects of the project, it also shows what tasks can be completed simultaneously, any potential tasks that may hinder the timeline of the project, tasks that may have been forgotten from the initial planning phase as well as helping the project manager and team responsible show a visual representation of the projects progress over time, ensuring easy communication between departments, therefore allowing the project to flow smoothly. (Grant, 2021)










Figure 1 below shows an example of a Gantt Chart in a bar chart layout, here each task is put in order and assigned a time frame for completion, highlighted in blue. For example, task F ‘Design manufacturing process’ is to be completed between months 5-8.
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[bookmark: _Toc89015581]Figure 1 - Gantt Chart Example (Saavedra, 2018)


[bookmark: _Toc89016240]2.2 Engineering team structure 
When developing a helmet several engineering departments will need direct involvement with the project, these include Ergonomist’s, CAD engineers, Aerodynamics engineers, Materials Engineers and Test Engineers.

Ergonomics (Human Engineering):
When developing a product, it is important to cover the ergonomics of what is being designed, therefore an ergonomist’s role in this application is to ensure the comfort and safety of the wearer, an example of this role is heat transfer and noise, A COST 327 report (Chinn, et al. 2001) highlighted the potential for rider discomfort due to heat and noise being a safety hazard as both of these could cause a potential distraction to the rider. The report also called attention to 12.9% of helmets being lost during an impact sequence (according to the COST database). This shows the importance when designing a motorcycle helmet to ensure a safe and comfortable fit for the end-user.

CAD Engineers:
Computer-Aided Design - commonly known as CAD is a key tool when developing new products as it can give a detailed and accurate representation of what the end product will look like as well as dimensions in both 2D drawings and 3D models, it is also used throughout the manufacturing process whether to design and produce small components such as visor mechanisms or analysis of the product through computer-based testing, it can also be used when designing manufacturing processes (Campana, 2020).

Aerodynamics Engineer: 
When developing a product such as a helmet, Aerodynamics is an essential aspect to consider because a poorly designed helmet; potentially being a high source of drag, will have a detrimental effect on the rider.
Reducing drag Is an important factor as excessive drag will cause neck pain for a rider over a prolonged period, therefore a streamlined shape of the helmet will reduce drag, not only does this decrease potential neck pain, but as a by-product noise is also reduced, therefore increasing rider comfort (Ghandi, et al. 2014).
Materials Engineer:
In the development of a motorcycle helmet, the materials used can be devised into 3 key components: The outer shell, the impact-absorbing liner, and the internal padding to ensure a safe and comfortable fit.
When choosing a material for the outer shell several options are available, the cheapest and therefore the most common are made from thermoplastics such as ABS or polycarbonate, then for a more costly option composite materials such as carbon fibre, Kevlar and fiberglass are used. (Grayen,2019)
The inner shell: an impact-absorbing liner is made from expanded polystyrene (EPS), this is used because it forms a ridged shell and then crushes easily upon impact, absorbing the force from the head to prevent and minimise injury. However, as an alternative, a shell made with expanded polypropylene (EPP) can withstand multiple impacts whilst still absorbing the same amount of energy as EPS (Shuaeib, et al, 2005, p.194) making it a more sustainable material as it would no longer make the helmet single use.
Lastly, the inner lining is a soft layer of foam padding designed to make the helmet fit perfectly, Materials for this should be considered carefully as the main purpose of this is comfort.

 Test Engineers:
Whilst test engineers are an important part of this project it may be more economically viable to use an external laboratory for testing as specialist equipment is used and would be a costly investment.

Other departments Required:
All Engineers would be required to work with other departments such as finance to make sure the project doesn’t over-run on budget and to keep the final product available to the market within a price bracket agreed in the planning stage.

3. [bookmark: _Toc89016241]Methodology 
[image: Graphical user interface
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[bookmark: _Toc89016242]3.1 Product Development
· Define – This step is where the initial phase of planning starts, outlining the product being designed, what the end goals are, and the team required.

· Planning – At this stage, the Project manager will set out the goals and objectives to be met within certain time frames by creating a Gantt chart. It is a widely accepted fact that many projects fail due to poor project management and poor planning, therefore a planning stage that includes control over the project from every aspect is imperative as a good level of control implies a comparison of where a project is, to where it is supposed to be at any stage. (Heagney, 2016, pp.33-35) During planning, any potential problems can be identified and risks for the project calculated.


· Design – Initial designs of the helmet will be created by the CAD engineers; the design will then need to be analysed by the Aerodynamicist and ergonomics engineers to ensure the design will provide a comfortable fit for the wearer by ways of heat extraction and reducing drag as well as wind noise as much as possible. Any revisions to the design will then be made to ensure these characteristics are met to the desired result. The manufacturing process will then be designed, ready to be implemented in the next stage.

· Prototype production – A small batch of helmets are to be made, through this it can be shown how efficient the production process is, how economically viable the project is, any problems that may arise/ any components that need to be revised.
[bookmark: _Hlk88564724][bookmark: _Hlk88564083]Prototypes provide a good bridge for communication and understanding the product within the team. (Elverum, Welo, 2014 p.496)

· Testing – Once a small batch of helmets is produced, these can then be tested, it is important that these conform to or exceed safety standards and are aerodynamically viable. Prototypes can then also be used to test in scenarios of misuse to better understand the validity of the design. (Elverum, Welo, 2014 p.496)

· Evaluation – Once testing has been completed the design will be evaluated for any defects and revisions made to resolve these issues, the helmet will then have to pass evaluation from external bodies to certify it conforms to safety standards to be used on the road.

· Final production – The helmet will then go to final production ready to be sold to the consumer. 


[bookmark: _Toc89016243]3.2. Problem solving
Throughout the development process a Gantt chart will be used to easily identify and overcome potential problems, however not all issues can be predicted. A strong method of communication within the team would be required for the team to work cooperatively and effectively, this then allows for easier problem solving. If productivity in one department stops, this could potentially have a knock-on effect on the rest of the project likewise, departments will need to communicate with each other to ensure the development of the project flows smoothly with any changes that need to be made. 
A simple and effective method of problem solving is by using the SPALTEN Process, this uses 7 steps to overcome problems as they arise:
· S - Situationsanalyse - Analyse the problem, what it is and what is causing it.
· P - Problemeingrenzung –Stop the problem as soon as possible.
· A -– Alternative Lösungssuche - What other options are available?
· L - Lösungsauswahl – Which will be the best solution?
· T – Tragweitenanalyse - Does the alternative solution fulfil the problems requirements?
· E - Entscheiden/Umsetzen – Implement the chosen solution
· N - Nacharbeiten/Lernen - What can be learned from this problem?
(Albers, et al, 2005, p4)


4. [bookmark: _Toc89016244]Discussion- Issues, Legislation and Standards
During the development of a motorcycle helmet, safety standards should be considered; standards vary throughout the world, therefore, ensuring all of these are met is paramount to the success of the project. 
For example, if a helmet is to be worn in the UK it must conform to or exceed at least one of these standards:
· British Standard BS 6658:1985 and carry the BSI Kitemark
· UNECE Regulation 22.05
· a European Economic Area member standard offering at least the same safety and protection as BS 6658:1985, and carry a mark equivalent to the BSI Kitemark
(The Motorcycles Protective Helmets Regulations 1998)

BS6658:1985:
BS6658:1985 is the British standard and the only certification that provides different levels depending on how well the helmet performs, these levels are devised into red, blue and green certification. It is worth noting many manufacturers prefer to use ECE22.05 as this is more of an international standard and is accepted within the UK. (Whitedog Bikes, 2016)
DOT FMVSS No.218:
The DOT FMVSS No.218 (Department of transport Federal Motor Vehicle Safety Standard) is the American equivalent of the EU UNECE 22.05, In this National Highways Traffic Safety Administration (NHTSA) produce standards that are available to all manufacturers, if the helmet then meets these standards, the manufacturer can self-certify, the NHTSA then send random samples to be independently tested to verify the certification. (Llminen,2013)
UNECE 22.05:
The Economic Commission for Europe (ECE) – created by the UN in 1958 uses the 22.05 (guideline 22, version 5) for the regulation and testing of helmets across 47 countries where it is accepted, it also uses “E” followed by a number to demonstrate in which country the testing took place. Unlike DOT, ECE requires a sample of up to 50 helmets at the time of production to be sent for testing at a government-approved facility for certification. (Llminen,2013)


External bodies:
It is also important to note that external bodies such as SHARP (UK), SNELL (US) and ACU GOLD exist and approval from these bodies can increase consumer interest as these bodies often test to higher standards than the legal standards that are required as the job of these bodies is to increase road and track safety.

5. [bookmark: _Toc89016245]Conclusion
To conclude, if this project was to go ahead the methods researched in this report would be used; this would include a Gantt chart to organise the project and the SPALTEN method used for problem solving. It would also benefit the project greatly to be constantly looking for more environmentally friendly material options such as EPP discussed in this report to reduce the environmental impact helmets have as currently it is a single-use product when crashed in and most helmets if not dropped or crashed in, needing replacement every 3-5 years dependant on usage.

Personal Professional development:
For my own professional development, once I graduate, I would like to find a job using CAD, preferably from a motorsport or motorcycling aspect, I would then hope this job would support development of my career by allowing me to complete my masters alongside working. Continuing from that I would like to further progress to become a chartered engineer.
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7. [bookmark: _Toc89016247]Appendices
BS6658:1985
Sticker colours: 
	Red – Type A/FR – Used for helmets with a fire-resistant lining.

	Blue – Type A – Used for high performance helmets.

	Green – Type B – Used for lower rated helmets.



UNECE 22.05
Approval countries:
	E1 -Germany
	E2 - France
	E3 - Italy
	E4 - Netherlands

	E5 - Sweden
	E6 - Belgium
	E7 - Hungary
	E8 -Czechoslovakia

	E9 - Spain
	E10 - Yugoslavia
	E11 - United Kingdom
	E12 - Austria

	E13 - Luxembourg
	E14 - Switzerland
	E16 - Norway
	E17 - Norway

	E17 - Finland
	E18 - Denmark
	E19 - Romania
	E20 - Poland

	E21 - Portugal
	E22 - Russia
	E24 - Ireland
	E25 - Croatia

	E26 - Slovenia
	E27 - Slovakia
	E28 Belarus
	E29 - Estonia

	E31 - Bosnia
	E37 - Turkey
	E40 - Macedonia
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and the resources employed as a project proceeds. Widely different
terminology for the various aspects of project management are used in
different industries, but they can all be related to this diagram.

The durations of the stages vary from project to project, and delays
Chapter 2 Value Management sometimes occur between one stage and the next. Stages can also over-
Chapter 3 Project Appraisal and Risk Management lap. Figure 1.1 shows the sequence in which the stages should be started.
‘This is not meant to show that one must be completed before the next is
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