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[bookmark: _Toc152418744]Introduction
This report consists of the current factors involved in an engineering career. The increase in emphasis on health and safety is talked about, referring to current legislation as well as modern health and safety analysis techniques. The life of an engineer is then considered in the report as the value of chartership is discussed along with the different published code of conducts towards the environment and sustainability. An engineer’s problem-solving strategy is then displayed through flow diagrams, displaying how a team may go about tackling an issue that arises in a products development and production. Following on from this, different team structures are analysed with the context of the author’s previous experience of working within a team, followed by a personal development plan from the author.

[bookmark: _Toc152418745]Health and Safety with Risk Assessments
When in a university practical engineering workshop working on manual lathe machines, there are many health and safety factors which need to be assessed due to the fast-rotating parts and swarf coming off the workpiece. When turning, the most common cause of injury is entanglement with the rotating components, either through accidental contact with them or through poor finishing processes such as using emery cloth on the rotating workpiece. Other causes of injury include eye damage due to swarf and injury due to ejecting chuck keys.
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[bookmark: _Toc152418331]Figure 1 - A Lathe with all the relevant health and safety features on it, including the chuck and splash guard. (A. L. Dorward, Safety Executive (HSE), 2004, p. 65)
To prevent the above injuries, some preventative measures are put in place on the machine, such as chuck guards and splash guards, as seen in Figure 1. The operator is also required to wear eye protection and not have loose clothing, jewellery or untied long hair. (A. L. Dorward, Safety Executive (HSE), 2004, pp. 64-65)

When completing a risk assessment, a risk matrix is used. This is a table which outlines a scoring system depending on the likelihood and severity of an event. Table 1 below shows a generic risk matrix which will be used to determine the risk attached to working on the manual lathe.
Working on the lathe can have potentially fatal consequences if inappropriately operated, and major injuries can be common through basic accidents during the machine’s operation. For this reason, a lathes severity of injury is ‘Major’. On the other hand, a student operating the machine will be overseen by a highly trained operator, as well as having all the appropriate Personal Protective Equipment (PPE) and emergency stop buttons around the workshop, should anything happen. Therefore, the likelihood for accident is ‘Unlikely’. By using this information and referencing the risk matrix, the risk of a student machining on a manual lathe is judged at 8/25, which is medium-low at just under one third.

[bookmark: _Toc152418378]Table 1 - A health and safety matrix, used to rate the likelihood and severity of an event. (Made by the author)
	
	Negligible
	Minor
	Moderate
	Major
	Catastrophic

	Almost Certain
	5
	10
	15
	20
	25

	Likely
	4
	8
	12
	16
	20

	Possible
	3
	6
	9
	12
	15

	Unlikely
	2
	4
	6
	8
	10

	Rare
	1
	2
	3
	4
	5



[bookmark: _Toc152418746]Engineers Role in Society
In today’s society, engineers must be the middle ground between knowledge and necessity to ensure that a product is ready for the market, balancing the line between functionality and aesthetics to make them successful. Due to engineers being responsible for all our day-to-day experiences, it is up to them to make sure that the public is safe, what they make is of high quality and that their products are ethical throughout their entire lifetime. For this reason, high level engineers can be difficult to get, with potentially a lot of errors happening before coming across the right one. Errors in motorcycle engineering can have potentially fatal consequences and for this reason there must be a way of differentiating between competent engineers and lesser, untrained engineers. The way in which this is done is through chartership. To become a chartered engineer there are parameters which must be met, including all five UK-SPEC areas of competence and commitment, which can be obtained through an accredited master’s degree or a bachelor’s degree with relevant master’s level experience. (Engineering Council, 2023)
Part of being a chartered engineer is following one of the engineering code of conducts which has been set out to demonstrate the sustainability and ethics that an engineer should follow. Code of conducts have been released by UK-SPEC and ICTTech, according to the accreditation that the engineer has applied for. In the UK-SPEC code of conduct for professional engineers, there is a statement of ethical principles which explains that “Engineering professionals work to enhance the wellbeing of society.” (Engineering Council, 2023, p. 47) This section continues to list four guiding principles:
· Honesty and integrity 
· Respect for life, law, the environment and public good 
· Accuracy and rigour 
· Leadership and communication 
Another inclusion in the UK-SPEC code of conduct is a guidance on sustainability, which has been designed to promote sustainability within product development, as engineers are key to making a big step in this area worldwide. There are six guidance points within this section (Engineering Council, 2021):
· Contribute to building a sustainable society, present and future
· Apply professional and responsible judgement and take a leadership role
· Do more than just comply with legislation and codes: be prepared to challenge the status quo
· Use resources efficiently and effectively
· Seek multiple views to solve sustainability challenges
· Manage risk to minimise adverse impact and maximise benefit to people and the environment
In motorcycle engineering, this means making a motorcycle (or parts) that hold safety above all and will have little to no chance of failure while in use, preventing accidents and potential injury to the consumer. Engineers must also only work in areas that they are competent, again ensuring the highest quality end products, designed to be the best they can be. The statement of ethical principles has been made to leave little up to interpretation, and exists to make the engineering environment as accommodating, collaborative and reliable as possible. The components and assembly manufactured must be able to be ridden on a motorcycle without failure for as long as feasibly possible, as well as having the capability to withstand additional forces from exceptional circumstances such as racing. The universal nature of the guidance is thematic with the sustainability guidance, which is in place to not only increase sustainability, but also push product improvement with the context of sustainability, shown in the guidance point “Do more than just comply with legislation”. This encourages engineers to strive beyond the minimum requirements, helping products to be forever improving. (Engineering Council, 2021)
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Problems are common occurrences in the career of an engineer, and they can come up in many different areas of a products development, production and even after sales. See below three flow diagrams for issues in each of these phases.

Product Development – Problem Solving Process






Issue When A Product Is In The Market – Problem Solving Process





A Supplier Has An Issue – Problem Solving Process
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In 2020 I was brought on by Yamaha UK to be their official rider in the British Junior Supersport Championship, and in that season, I worked with people that I had used in previous seasons, but everyone was together in a full team for the first time over a full season. We had 4 people working on the bike, each assigned to a section of the machine, with a person changing the front wheel, another on the rear wheel, somebody doing fuelling and fuel draining, and finally someone acting as ‘crew chief’ by taking my comments and determining suspension/chassis adjustments accordingly. This setup worked very well as everyone defaulted to doing their jobs in high pressure situations, with this consistency also meaning the personnel became very efficient at their job – making us the fastest team on the grid at converting from dry to wet settings and vice-versa. 
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[bookmark: _Toc152418332]Figure 2 – Myself (left) celebrating with the team after a victory at Donignton Park, securing third in the championship. 
This team structure is often referred to as a process-based structure. This is due to the lack of leadership roles, however, this leads to greater responsiveness within the team as everyone is working on one process and has become competent at doing so. This could be mistaken for a functional team structure, but this is not the case as all of the team members had the ability to do every job. The downside to this team structure mostly comes when there are more people within a team, and direction becomes unclear as there is no clear management. (Wikipedia, 2023)
An alternative team structure to use would be a hierarchal organisation, in which a hierarchy would be made with the crew chief forming a leading role and commanding the rest of the team. This is often the case with larger teams, as it allows a clearer instruction for every team member to follow. This along with the fact that decision making is much quicker with one person at the helm makes it very efficient, however in my four-person team there was very little need for this as messages could be distributed quickly and efficiently and little debate was needed in high pressure situations. You could argue that this structure was occasionally in place as I would form the hierarchal figure as the rider, making final decisions about what tyre combination or setup direction I wanted, although this was on rare occasions. (Socha, 2019)
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	Long Term Goals (5 to 10 years)

	Work for a team/manufacturer within the MotoGP Paddock, working within either a data analysis/crew chief role or at a design role in the factory.
Begin building my own parts manufacturing and race motorcycle building business.


	Short Term Goals (0 to 5 years)

	Complete my university course with a first-class degree.
Work within a national championship doing data analysis/rider coaching.
Complete a course on motorcycle race engineering (Reactive Suspension).
Develop parts for my own Aprilia RS660 to make it almost entirely prototype.


	Goal
	Objective
	Resources Required
	Measurement
	Target Date

	
Complete my university course in Motorcycle Engineering


	Achieve a first-class degree.
	Lectures, Books, Workshop activities.
	Graduate from UWTSD and receive a first-class degree.
	07/2026

	
Work within a national championship doing data analysis/rider coaching.



	Gain experience at a high level and help a young rider progress.
	In-depth knowledge of data logging and machine setup.
	Go to British Championship events and work with a rider every weekend.
	03/2025

	
Complete a course on motorcycle race engineering (Reactive Suspension).



	Learn about racing motorcycle setup and tyres, on top of my university content.
	£828 & Travel/accommodation requirements. 
	Receive a certificate of completion from Reactive Engineering.
	12/2024

	
Develop parts for my own Aprilia RS660 to make it almost entirely prototype.



	Create a bespoke race bike which is fully adjustable and includes MotoGP technology.
	University manufacturing infrastructure, workshop & CAD design knowledge.
	Have little to no parts left to make while using the OEM rolling chassis of the RS660.
	12/2027

	
Work for a team/manufacturer within the MotoGP Paddock, working within either a data analysis/crew chief role or at a design role in the factory.



	Experience the MotoGP paddock and learn about what makes the bikes so highly performing.
	First-class degree in Motorcycle Engineering, RS660 project record & experience within the racing environment.
	Be employed to a MotoGP team/manufacturer.
	01/2028

	Begin building my own parts manufacturing and race motorcycle building business.
	Create a long-term business building GP level bikes for the public.
	Purchase manufacturing equipment, create import relationships with suppliers.
	Have a business set up with a consistent income/customer base.
	01/2030




[bookmark: _Toc152418750]Conclusion
As this report shows, engineers have much more to concern themselves with than just the product they are designing or manufacturing, partly through their own ambitions (such as becoming chartered) but also through the changes in society. An increased focus on health and safety has ensured jobs are done properly and climate awareness has made the lifecycle of material and processes crucial in engineering codes of conduct. This focus on sustainability has made problem solving and teamworking strategies more important and part of the basics of engineering businesses.
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What is the problem? Is there a gap in the market for a new product? Do you feel there are products that don’t offer what the masses want?


Brainstorm ideas for the product. Get as many different designs down as possible, not thinking about the feasibility of manufacturing them.


Chose the best solution by taking the best elements of every idea. Think about how it could be made and what material to use while you do this, trying to be cost-effective.


Implement the solution by creating a prototype and beginning production of the product, ready to sell.


What result do you want? Create a design specification for the product.


Gather information. What products already exist that you could base yours off? Are there any features you like and want to carry over? How much do they cost? What materials and processes do they use and why?


Evaluate the process and make any necessary changes. Look at how the final product has come out and what issues or delays you had throughout the process. Take not of these for any future product development.



What has gone wrong with the product?


How can the problem be solved? What is the most efficient way of doing so? Do products need to be recalled or can they simply be replaced or refunded?


Pick the best way of fixing the issue, considering the costs and ease of doing it. Recalls are harder to do than replacement but may be much cheaper, for example.


Implement the solution, conducting the plan you made previously. Recall items if you must, complete production of replacement components and distribute them hastily.


What is needed? What specifically is the issue?


Gather information about what is failing. Is it a design fault or quality control? How is it failing?


Evaluate the case. How can it be avoided with future products? Do you need to change suppliers or quality control techniques? Should certain materials be avoided in the future? Also look at the process of fixing the issue, was it fast enough? How could it be improved if the situation occurs again?



What has gone wrong with the Supplier?


How is the solution solved? Is it a material supplier or manufacturing supplier, and can they be changed for a more reliable supplier? Brainstorm.


What is the specidfic issue? What effect is it having?


Gather information around the issue. Is it an ordering, manufacture or distribution issue? What is the route cause?


Chose the best solution, look at the costs and delays of each option and try to find a best compromise. 


Impliment the solution that you have decided, whether that is disposing of previous production or changing suppliers. Start new production of components and catch up on delay. 

Evaluate the process and learn from the situation. You may not want to use that supplier again or may have to use a different process when ordering from them. How efficient were you at fixing the issue? Could the turnaround have been quicker?
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