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[bookmark: _Toc121070082]1. Introduction 

This report considers the team structure, product development, risks and legislation involved in the development of a new electric motorcycle. Vikos is a large-scale motorcycle manufacturer of on and off-road motorcycles with a strong racing heritage in enduro and rally racing. The company has fallen behind market pace in recent years in its development of more sustainably fuelled motorcycles and aims to re-address this with a bold new product. The Dakar Rally is a 15-day cross-country event in some of the harshest environments for wheeled vehicles. The Vikos Ha’il will be a new homologated electric rally motorcycle capable of taking on the Dakar Rally by 2027. This will be in advance of an alternatively fuelled vehicle class and will require additional considerations to energy infrastructure. The company will develop this infrastructure with a partner from the electric vehicle (EV) industry with the aim of repositioning Vikos as a leader and innovator in the world of motorcycle racing.  





[bookmark: _Toc121070083]2. Engineering Team Structure

There are many ways an organisation can be structured, but there are common themes that prevail. The size of the organization and how control is applied has an influence of the structure and ultimately on how people work and interact within that structure (Smith, 2008, p. 221).

[bookmark: _Toc121070084]2.1 Types of organisation

Larger organisations tend to have a rigid hierarchy, often seen as a pyramid-shaped.  At the top, a CEO and senior management set direction and make decision across the organisation (Fig 2.1). While the structure helps to create stability, this top-down approach can have a negative impact on creativity, flexibility and motivation (Smith, 2008, p. 221). 


Figure 2.1: Hierarchical Organisation 

Smaller organisations can be more flexible and decentralized control in what is known as a divisional structure (Fig 2.2). In this structure staff are divided into specialist teams and are given more autonomy over communication and decision making. With more effective communication and ownership, staff empowerment can be achieved and therefore greater motivation (Smith, 2008, p. 224).





Fig 2.2 Divisional Organisation 


In the middle ground is a matrix structure (Fig 2.3) which allows for hybrid decentralization to exist by utilising specialists from the permanent organisation with a project or product focus (Hales, 2001, p. 16). These specialists will often be required to work on more than one product orproject, which introduces an additional challenge of managing multiple lines of reporting (Smith, 2008, p. 226). 
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Fig 2.3 Matrix Organisation (adapted from Smith, 2008, p225)
[bookmark: _Toc121070085]2.2 Vikos Ha’il structure

The originality of the Ha’il project will require high levels of creativity, innovation and focus. A team of specialist engineers exclusive to this project will be required while functional leads can be shared with the parent company (Fig 2.4).  This hybrid matrix/divisional structure will ensure the project team have the space and freedom to develop the product, while efficiencies and connection to the parent company are made through utilising shared functional leads.
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Fig 2.4 Vikos Ha’il Project Structure

The project will be led a project manager (PM) who will bring project heads and functional leads together. The powerplant for the motorcycle will require wider industry knowledge to develop and this will be put out to tender. The project team will also have associate members from the parent company’s rally team to act as a panel when judging the motorcycle’s development at key stages of the project (Sullivan-Pavey, 2016). 

[bookmark: _Toc121070086]2.3 Professionalism and Ethics

There are independent professional associations which engineers can join to demonstrate they are working at the highest level of their industry. For mechanical Engineers, this is the Institution of Mechanical Engineers (IMechE). IMechE chartership ensures its members follow a code of conduct which considers the welfare, health and safety (H&S) of the public, as well as sustainability and environmental impact (Institute of Mechanical Engineers, 2022). Its members are assessed against a set of standards from the Engineering Council (EngC) in the UK Standard for Professional Engineering Competence (UK-SPEC) (Institute of Mechanical Engineers, 2020). Engineering team members on this project will be chartered IMechE engineers.  

To demonstrate competence and professional standards in project management (PM) there are a range of industry PM qualifications such as Prince2™ and AgilePM. In the UK, the Association of Project Managers (APM) offer a range of qualifications and chartership (Association for Project Managers, 2022). As with IMecheE chartership, the APM Chartered Project Professionals (ChPP) demonstrate the highest level of knowledge, practice and ethical standards. It will be a requirement of the PM to be a ChPP or qualified in one of the industry PM qualifications.  




















[bookmark: _Toc121070087]3. Product Development

Development of this product is a complex process of design, production and delivery. An initial design process defines the project and product and identifies resources and efficiencies. This is followed by a conceptual design process resulting in a final concept which is developed into a manufacturable product. (Ullman, 2018, p. 4). The next stages are production and delivery. The motorcycle and its components are manufactured or taken from existing product lines. The motorcycle is then assembled before it is distributed to the customer. 

[bookmark: _Toc121070088]3.1 Iterative approach

Working through the phases of the project outlined above is not a series of simple steps. It requires an iterative approach to consider alternatives and arrive at the best results which mitigate against future risks such as re-calls or legal issues (Budynas, and Nisbett, 2015, p. 5-6) (Fig 3.1).
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Fig 3.1 Iterative approach to phases in design (Budynas and Nisbett, 2015, p. 6)


Ullman, (2018, p. 58) breaks this iterative process down further to the level of decision making (Fig 3.2). How the team think and interact together will determine the success of the final product and so an environment which promotes thinking is key.
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Fig 3.2 Decision making (Ullman, 2018, p.58)


[bookmark: _Toc121070089]3.2 Problem-solving

Success is achieved by creating the right environment and this report has already considered the importance structure, communication and empowerment. Ullman’s (2018) “behaviours for success’ highlight the best environment for design teams (Fig 3.3). 
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Fig 3.3 Behaviours for Success ({adapted} Ullman, 2018, p. 51)

Colleagues in teams will express a variety of preferred ways of thinking and working based on personality. Myers & Briggs divide personality into 16 different types and define it as “…what you prefer when you are using your mind or focusing your attention.” (Myers and Briggs Foundation, 2022). Understanding these preferences helps understand how people contribute to situations and solve problems. From these preferences come two different approaches to problem solving – divergent and convergent thinking (Guthrie, 2022). In simply terms, convergent thinking collects ideas to logically arrive at one optimal solution (Fig 3.4). Whereas divergent thinking considers a range of possible solutions (Fig 3.5). 













            Fig 3.4 Convergent thinking			        Fig 3.5 Divergent thinking


It is for the PM and the project heads to maximise problem-solving approaches in the iterative process of design and decision making by moving the team through stages of divergent and convergent thinking.

[bookmark: _Toc121070090]3.3 Project Controls 

A balance between creativity and progress is required to keep the project on track. Therefore, the project needs structure and control systems to ensure it meets its intended outcomes within its time and cost forecasts. 

For the purposes of this report, it is assumed the PM will utilise the following control systems from Prince2™ - Product Breakdown Structure (PBS), Product Flow Diagram (PFD) and Risk Log (RL). A PBS plans out all the individual components required for the motorcycle and the PFD charts the interdependencies between these products (Smith, 2008, p. 348). A principal Gantt chart will also be used to present a timeline, milestones and respective accountability of the project stages. The Gantt chart together with the PBS and PFD, will serve as visual documents used in regular team meetings to discuss and track progress. 
As the project progresses the team will encounter risks and opportunities. To manage these risks, consistently the team will use a RL. The RL helps leads identify, describe and categorise the risk, state the impact and the likelihood of the risk occurring (Smith, 2008, p. 349) (Fig 3.6).
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Fig 3.6 Example risk log and risk register (Eby, 2018)
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4. Issues, Legislation & Standards 

As well as responding to emerging risks throughout the project, there are industry standards and legislation which should be addressed ahead of embarking on the project. In addition, there are race-specific regulations the motorcycle will need to pass in order to compete. 

[bookmark: _Toc121070092]4.1 Health & Safety

Health and safety (H&S) are best achieved when both employer and employee cooperate in the policies and processes governing safety in the workplace. This understanding was first established in the 1974 Health and Safety Act, which forms the foundation of British H&S law (Health & Safety Executive, 2022). Subsequent regulations including harmonised regulations with European Union (EU), known as the “six pack”, were introduced between the 1980s and 2000s (Appendix 1).

Regular risk assessments should be carried out to ensure employees and employer are meeting the H&S regulations as they are set out. The British Health & Safety Executive lays out a 5-step guide to conducting risk assessments (Health & Safety Executive, 2022) (Appendix 2). It is the responsibility of the employer to appoint a responsible person or people to carry out any arrangements identified in the risk assessment. This may include such items as updating emergency procedures or providing further training to employees. 


[bookmark: _Toc121070093]4.2 Regulations & Standards

In addition to H&S regulations there are a variety of British and EU standards the motorcycle will have to meet during the design and manufacturing stages. A list of applicable standards can be found in Appendix 3. Furthermore, the Dakar Rally motorcycle class is governed by the Federation Internationale de Motorcyclisme (FIM) World Rally Raid Championship. The FIM has a set of regulations which the motorcycle will have to meet in order to compete (Appendix 4). In the absence of an alternatively fuelled class, reference can be made to the Electric Road Racing Association regulations (ERRA) (Appendix 5). These regulations aim to support safe and sustainable electric motorcycle racing 


[bookmark: _Toc121070094]4.3 Environmental Sustainability 

When considering the environmental impact of a product, one should not simply view the product when it is in use; one should consider its entire life cycle (Fig 4.1).




Figure 4.1 Product Life Cycle


Environmental management is the responsibility of each specialist lead working on the project. Together they contribute to a Life-Cycle Assessment (LCA), which is a process of understanding the environmental impact, both resource consumption and emissions, at each stage of the product’s life cycle (Ashby, 2017, p. 498). The International Organisation for Standardisation (ISO) have developed guidance and procedures (ISO 1400) on how to conduct a LCA (ISO, 2022). 

For this particular product, the lithium-ion battery’s production, use and end of life will likely comprise the largest impact on the environment. The product team should investigate ways to off-set this by making more sustainable choices around other components the motorcycle is constructed with and, certainly in the case of competing in the Dakar Rally itself, ensure the charging solution utilises a renewable source. 








[bookmark: _Toc121070095]5. Personal Development Plan

My experience managing projects and teams in Europe, Asia and MENA gives me confidence in my ability to develop, lead and motivate people. Through first-hand experience participating in FIM World of Bajas in Qatar, I understand the moto-rally scene to some extent. My work experience has been within a cultural relations and educational context and so Engineering introduces a range of development opportunities for me. This assignment has highlighted where my experience may be transferrable but also where there are very large gaps. My chosen product for this assignment was intentionally complicated and far reaching to push myself to learn more. I believe I have only scratched the surface of this topic but have gained much more subject knowledge about the process of design, legislation, standards as well as sustainability issues facing engineers. Through IMechE and UK-SPEC I can see a clear pathway for development, and I am already looking at role profiles for jobs in related fields to this assignment to map my development to. My strategy at this stage is to expose myself to a wide range of experiences both in Engineering and beyond. These experiences together with results from gap analysis of roles and subject knowledge is helping me to form an actionable plan. 




[bookmark: _Toc121070096]6. Conclusion

A successful leader first and foremost leads by example. A leader should be confident, inspirational, and approachable. The working standards, the communication style and results the leader sets will be emulated by the team. Creating the right environment where everyone understands their role and has a safe participatory space in which to be creative will result in a better product. The physical environmental is also key, and this report has highlighted the relevant legislation and processes for ensuring colleagues’ H&S is prioritised in the workplace and the product is designed and manufactured sustainably.

This particular product is very complex and has many components and specialisms involved in its production. Planning and organisation are critical to its success, which is why this report recommended structured project controls. It is also why the organisational design is structured to allow the project to function with the flexibility of a smaller organisation whilst capitalising on the benefits a larger organisation can bring. This report hopes that with an empowered team working with a tight structure an electric Dakar race bike can be completed within the constraints of the project. 
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[bookmark: _Toc121070099]Appendix 1: Additional Health & Safety Legislation

1. 1  Management of Health and Safety at Work Regulations 1999: require employers to carry out risk assessments, make arrangements to implement necessary measures, appoint competent people and arrange for appropriate information and training. 
2. 2  Workplace (Health, Safety and Welfare) Regulations 1992: cover a wide range of basic health, safety and welfare issues such as ventilation, heating, lighting, workstations, seating and welfare facilities. 
3. 3  Health and Safety (Display Screen Equipment) Regulations 1992: set out requirements for work with Visual Display Units (VDUs). 
4. 4  Personal Protective Equipment at Work Regulations 1992: require employers to provide appropriate protective clothing and equipment for their employees. 
5. 5  Provision and Use of Work Equipment Regulations 1998: require that equipment provided for use at work, including machinery, is safe. 
6. 6  Manual Handling Operations Regulations 1992: cover the moving of objects by hand or bodily force. 
7. 7  Health and Safety (First Aid) Regulations 1981: cover requirements for first aid. 
8. 8  The Health and Safety Information for Employees Regulations 1989: require employers to display a poster telling employees what they need to know about health and safety. 
9. 9  Employers’ Liability (Compulsory Insurance) Act 1969: require employers to take out insurance against accidents and ill health to their employees. 
10. 10  Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 1995 (RIDDOR): require employers to notify certain occupational injuries, diseases and dangerous events. 
11. 11  Noise at Work Regulations 1989: require employers to take action to protect employees from hearing damage. 
12. 12  Electricity at Work Regulations 1989: require people in control of electrical systems to ensure they are safe to use and maintained in a safe condition. 
13. 13  Control of Substances Hazardous to Health Regulations 2002 (COSHH): require employers to assess the risks from hazardous substances and take appropriate precautions. 

Health & Safety Executive (2022)












[bookmark: _Toc121070100]Appendix 2: 5 step-guide to risk assessments 

1. Identify hazards
Look around your workplace and think about what may cause harm (these are called hazards). Think about:
· how people work and how plant and equipment are used
· what chemicals and substances are used
· what safe or unsafe work practices exist 
· the general state of your premises

Look back at your accident and ill health records as these can help you identify less obvious hazards. Take account of non-routine operations, such as maintenance, cleaning or changes in production cycles.
Think about hazards to health, such as manual handling, use of chemicals and causes of work-related stress.
For each hazard, think about how employees, contractors, visitors or members of the public might be harmed.
Vulnerable workers
Some workers have particular requirements, for example young workers, migrant workers, new or expectant mothers and people with disabilities.
Talk to workers
Involve your employees as they will usually have good ideas.
2. Assess the risks
Once you have identified the hazards, decide how likely it is that someone could be harmed and how serious it could be. This is assessing the level of risk.
Decide:
· who might be harmed and how
· what you're already doing to control the risks
· what further action you need to take to control the risks
· who needs to carry out the action
· when the action is needed by

3. Control the risks
Look at what you're already doing, and the controls you already have in place. Ask yourself: 
· can I get rid of the hazard altogether? 
· if not, how can I control the risks so that harm is unlikely? 
If you need further controls, consider:
· redesigning the job 
· replacing the materials, machinery or process
· organising your work to reduce exposure to the materials, machinery or process 
· identifying and implementing practical measures needed to work safely
· providing personal protective equipment and making sure workers wear it 

Put the controls you have identified in place. You're not expected to eliminate all risks but you need to do everything 'reasonably practicable' to protect people from harm. This means balancing the level of risk against the measures needed to control the real risk in terms of money, time or trouble.
You can find more detailed guidance on controls relevant to your business.
4. Record your findings
If you employ 5 or more people, you must record your significant findings, including.
· the hazards (things that may cause harm)
· who might be harmed and how
· what you are doing to control the risks 

To help you, we have a risk assessment template and examples. Do not rely purely on paperwork as your main priority should be to control the risks in practice.
5. Review the controls 
You must review the controls you have put in place to make sure they are working. You should also review them if:
· they may no longer be effective
· there are changes in the workplace that could lead to new risks such as changes to:
· staff
· a process
· the substances or equipment used

Also consider a review if your workers have spotted any problems or there have been any accidents or near misses.
Update your risk assessment record with any changes you make.



Health & Safety Executive (2022)
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	Standard
	Definition

	BS ISO 13063-2:2022
	Electrically propelled mopeds and motorcycles. Safety specifications. Vehicle operational safety

	BS ISO 13063-1:2022
	Electrically propelled mopeds and motorcycles. Safety specifications. On-board rechargeable energy storage system (RESS)

	BS ISO 13063-3:2022
	Electrically propelled mopeds and motorcycles. Safety specifications. Electrical safety

	BS ISO 23280:2022
	Electrically propelled mopeds and motorcycles. Test method for evaluation of energy performance using motor dynamometer

	BS ISO 6727:2021
	Electrically propelled mopeds and motorcycles. Test specifications and safety requirements for lithium-ion battery systems

	BS EN ISO 18243:2019+A1:2020
	Electrically propelled mopeds and motorcycles. Test specifications and safety requirements for lithium-ion battery systems

	BS ISO 9021:2020
	Motorcycles and mopeds. Controls. Types, positions and functions

	PD ISO/TS 19466:2017
	Electrically propelled mopeds and motorcycles. Test method for evaluating performance of regenerative braking systems

	BS EN ISO 18246:2017
	Electrically propelled mopeds and motorcycles. Safety requirements for conductive connection to an external electric power supply

	BS ISO 19689:2016
	Motorcycles and mopeds. Communication between vehicle and external equipment for diagnostics. Diagnostic connector and related electrical circuits, specification and use

	PD ISO/PAS 19695:2015
	Motorcycles. Functional safety

	BS ISO 18580:2015
	Motorcycles. Verification of total running resistance force during mode running on a chassis dynamometer

	BS ISO 13232-3:2005+A1:2012
	Motorcycles. Test and analysis procedures for research evaluation of rider crash protective devices fitted to motorcycles. Motorcyclist anthropometric impact dummy

	BS ISO 13232-7:2005+A1:2012
	Motorcycles. Test and analysis procedures for research evaluation of rider crash protective devices fitted to motorcycles. Standardized procedures for performing computer simulations of motorcycle impact tests

	BS ISO 13232-6:2005+A1:2012
	Motorcycles. Test and analysis procedures for research evaluation of rider crash protective devices fitted to motorcycles. Full-scale impact-test procedures

	BS ISO 13064-2:2012
	Battery-electric mopeds and motorcycles. Performance. Road operating characteristics

	BS ISO 13064-1:2012
	Battery-electric mopeds and motorcycles. Performance. Reference energy consumption and range

	BS ISO 13232-5:2005+A1:2012
	Motorcycles. Test and analysis procedures for research evaluation of rider crash protective devices fitted to motorcycles. Injury indices and risk/benefit analysis

	BS ISO 4106:2012
	Motorcycles. Engine test code. Net power

	BS ISO 4249-3:2010
	Motorcycle tyres and rims (code-designated series). Rims

	BS ISO 5751-1:2010
	Motorcycle tyres and rims (metric series). Design guides

	BS ISO 5751-3:2010
	Motorcycle tyres and rims (metric series). Range of approved rim contours

	BS ISO 5751-2:2010
	Motorcycle tyres and rims (metric series). Tyre dimensions and load-carrying capacities

	BS ISO 8710:2010
	Motorcycles. Brakes and brake systems. Tests and measurement methods

	BS ISO 7117:2010
	Motorcycles. Measurement method for determining maximum speed

	BS ISO 10190:2008
	Motorcycle chains. Characteristics and test methods

	BS ISO 9129:2008
	Motorcycles. Measurement methods for moments of inertia

	BS ISO 11460:2007
	Two-wheeled motorcycles. Positioning of lighting and light-signalling devices

	BS ISO 11486:2006
	Motorcycles. Methods for setting the running resistance on a chassis dynamometer

	BS ISO 13232-2:2005
	Motorcycles. Test and analysis procedures for research evaluation of rider crash protective devices fitted to motorcycles. Definition of impact conditions in relation to accident data

	BS ISO 13232-4:2005
	Motorcycles. Test and analysis procedures for research evaluation of rider crash protective devices fitted to motorcycles. Variables to be measured, instrumentation and measurement procedures

	BS ISO 9130:2005
	Motorcycles. Measurement method for location of centre of gravity

	BS ISO 5751-2:2004
	Motorcycle tyres and rims (metric series). Tyre dimensions and load-carrying capacities

	BS AU 50-1.6.8:2000, ISO 13328:2000
	Tyres and wheels. Tyres. Motorcycle tyres. Method of measuring tyre rolling circumference for new tyres under loaded conditions. Section 6: Motorcycle tyres Subsection 6.8: Method for measuring tyre rolling circumference for new tyres under loaded conditions





The British Standards Institution (2022)


For EU standards, please refer to:

https://www.en-standard.eu/search/?q=motorcycles








[bookmark: _Toc121070102]Appendix 4: World Rally Raid Regulations and July 2022 updates

Technical Rules: Cross Country Rallies 2023
https://storage-aso.lequipe.fr/ASO/motorSports_ccr/reglement-technique-fim-2023.pdf 

2023 FIM Cross Country Rallies World Championship Regulations – Main Changes
https://storage-aso.lequipe.fr/ASO/motorSports_ccr/2023-fim-main-changes.pdf 
 

[bookmark: _Toc121070103]Appendix 5: Electric Road Racing Association regulations

https://erra.bike/files/technical-regulations/2021.ERRA.Technical.Regulation.Public.Pre-Release.1.pdf 
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