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[bookmark: _Toc89028165]Introduction
Before manufacturing a product, it is important to consider how it is to be developed. This means considering which departmental structures and design methods would be most useful in designing the product.
In this instance, a front brake conversion kit would be sold as a replacement for the Inboard Ventilated Disk system of the Honda CBX550. The original system has the brake calliper running along the inner periphery of the disk (Honda Motor Co., LTD, 1983) and a shroud fitted over the top. To keep the system cool, the disc plate itself is vented. This means that there are vanes separating two different partitions of the brake disc, allowing air to pass through for cooling (Chouhan, Tiwari, 2020). This makes the system exceptionally complex to work on compared to most other systems. A front brake conversion kit would make the motorcycle easier to service.
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Figure 1-The front brake assembly for a CBX550F


[bookmark: _Toc89028166]Engineering Team Structure
[bookmark: _Toc89028167]Functional Hierarchical Structure 
According to a webpage published by the Indeed Editorial Team (2021), in a hierarchical structure the team is split into multiple smaller teams, with each team having their own manager to report to.  These line managers then report to their manager, and so on, until all the relevant information has been passed to the overall manager. 
This structure can be useful in the development of a product such as the conversion kit, as each branch can be given a specific function based on that team’s competency. However, according to Gaille (2018), breaking into smaller teams can lead to gaps in communication between branches, as information is usually only passed up the chain of command instead of between branches. This can also cause territorial tendencies (Gaille, 2018), where managers think only of their own team, not of the product. This isn’t a desirable situation, as communication within departments should be maximized to minimize the chances of product failure.
[bookmark: _Toc89028168]Matrix Structure
A matrix structure differs from a hierarchal structure because there are at least two authority figures involved. These are the project manager (responsible for the overall execution of the project) and the functional managers (overseeing development within their team) (Nagini, Devi and Mohamed, 2020).
There are three ways that a matrix structure can be categorized (Usmani, 2021):
· Weak Matrix, where the project manager has limited control over the project direction. They act as a coordinator between departments. 
· Balanced Matrix, where project and functional managers share authority. Here, both managers can make decisions regarding the direction of the project. 
· Strong Matrix, where the project manager has authority over the project direction. 


[bookmark: _Toc89028169]Professional codes of conduct
The Institution of Mechanical Engineers (IMechE) states in the 2021 revision of their Code of Conduct Regulations four main principles to be upheld by their members:
· All members shall act with care and competence.
· All members shall act with integrity and in a reliable and trustworthy manner.
· All members shall engage responsibly with the environment.
· All members shall contribute positively to the culture and public perception of the profession and the Institution.
Each engineer within the team is expected to adhere to these principles when engaging in the design of the conversion kit. Their work should also be examined by all managers in the chain of command to ensure that it follow these principles. This allows for the highest quality product, as engineers should be working in the area in which they are most competent, and would show the team to be ethical in their design approach.


[bookmark: _Toc89028170]Finalised Team Structure
By implementing a strong Matrix structure and assigning a product manager to oversee the kit development, there are less communication issues than in a hierarchical structure, as each team would report to the project manager. The project manager can analyse the progress of each department and course correct when elements from different teams won’t work together. Department differentiation would be based on specialism, with a functional manager in place for each specialism. The functional manger will ensure that each team member adheres to the code of conduct outlined by the IMechE and will have authority within their team. However, the project manager will retain overall authority and can instruct functional managers to change the creative direction of their department to benefit the project. The project manager will also verify that team members are in line with IMechE Code of Conduct guidelines. Both project and functional managers report to a supervisor, who can settle any disputes between the two. Departments are to be arranged into competencies, with a department for each aspect of the design and departments for fabricating prototypes and marketing. These departments are:
1. Brake Design Team (for the braking mechanism itself).
2. Fork Design Team (for attaching the brake calipers to the front forks/ designing new forks to accommodate the system).
3. Wheel Design Team (for ensuring that newer brake disks and systems fit with the motorcycle’s wheels/ designing new wheels to accommodate the system).
4. Electrical Control Team (for ABS and brake light systems).
5. Fabrication and Prototyping.
6. Marketing, Sales and Customer service.


[bookmark: _Toc89028171]Product Development
[bookmark: _Toc89028172]Iterative Design
Iterative design is a process that can be applied to any form of creative work. The fundamental concept of iteration is that the creator, in this instance a member of the engineering team, designs a product to the best of their abilities and current knowledge and then evaluates said design (Mattson, 2020). Based of that design’s strengths and weaknesses, the engineer then redesigns the product (Mattson, 2020), performing these stages in a cycle until the product is the optimum version. By looping the design process, engineers ensure that any of the initial design flaws are not present by the time that the final product is released. A simple design process would see the product released to a potentially lower quality, possibly even in an incomplete state. 
[bookmark: _Toc89028173]Prototyping
Prototyping is the process of creating a model that is as physically similar as possible to the proposed final product (Montferrer, 2018). By introducing a prototyping stage to the iterative cycle, the design of each engineer can be shown to and analysed by members of the team in different departments. Prototypes that are favourable amongst the entire team can be used as groundwork for the designs of other departments. Building prototypes also allows effective testing. If a prototype is built to an appropriate standard, it can be fitted to a CBX550 model and used to verify the effectiveness of the brake system. 

[bookmark: _Toc89028174]Legislation and Standards
[bookmark: _Toc89028175]Ministry Of Transport (MOT) Testing
In the UK, every vehicle over three years old must have a yearly MOT test, ensuring that it is safe to use. According to the Driver and Vehicle Standards Agency’s “MOT Inspection Manual for motor bicycle and sidecar testing”, an MOT test will the check brake controls, brake systems and brake performance of a motorcycle. The tester will check all the mechanical controls and components for the brake system, ensuring there is no damage or impediment to use (Driver and Vehicle Standards Agency, 2017). They will check all the hydraulic components to make sure that there is no leak or damage that would cause issues when riding (Driver and Vehicle Standards Agency, 2017). They will also check braking efficiency, which can be defined as:
“Efficiency % = (Total retarding force for one system/ Weight of machine plus rider) x 100” (Driver and Vehicle Standards Agency, 2017)
Efficiency below 30% warrants an MOT test failure (Driver and Vehicle Standards Agency, 2017). By fitting a prototype conversion kit to a CBX550 model and sending it to an external, authorised tester, the team ensures the braking system is safe for use on British roads. It will also offer an unbiased analysis of the system’s safety, which will serve as assurance of quality. The braking efficiency should be requested from the tester by the team so that there is an externally obtained value that can be used to directly compare prototypes, allowing them to verify which prototype performs most efficiently.


[bookmark: _Toc89028176]Anti-Lock Braking System 
Since the CBX550 was manufactured, there have been substantial advancements made in electrical control systems. One of these systems is Anti-Lock Braking System, hereafter referred to as ABS. The European Parliament and the Council of the European Union stated in Regulation (EU) no. 168/2013 (2013) that all L3e-A1 motorcycles should be manufactured with an Anti-lock Braking system. This has led to most countries mandating that manufacturers build new motorcycles with ABS as standard. Whilst the CBX550 is not new, thus is not required to have ABS, the ‘Examination of the mandatory fitting of an anti-lock brake system and a supplemental combined brake system at the choice of the manufacturer to L3e-A1 subcategory motorcycles’ (Guy, Hammond, Kent and McCarthy, 2020) showed a forecast of predicted casualties on L3e-A1 motorcycles during the 2022-2032 time period, modelling scenarios where ABS is mandatory and where ABS is optional.
Predicted casualties 2022-2032
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Figure 2-Predicted Number of casualties that could be saved in the 2022-2032 period (Guy, Hammond, Kent, McCarthy, 2020)
This data predicts a significant decrease in injuries in this period if ABS was mandatory. Therefore, a simple ABS system should be integrated into the motorcycle, potentially running with its own dedicated electronic control unit, as the original will not be equipped to deal with ABS. Engineers have a responsibility to clients to ensure the product is as safe as possible, and ABS systems are one way of improving safety.
[bookmark: _Toc89028177]Other Standards
Different standards organisations offer slightly differing standards that, when met, will prove the safety of the product. ISO8710/2010 and 49 CFR § 571.122 both outline ways in which to test the effectiveness of the brakes to be in line with their standards. When prototypes are built, the engineering team should test the prototype in line with these standards, ensuring its safety and giving the consumer further assurance of quality.
[bookmark: _Toc89028178]Potential Issues
[bookmark: _Toc89028179]Concerns During Development and Manufacturing
Environmental impact must be considered. Repeatedly making prototypes or using excessive material during the manufacturing process would be wasteful, cause needless damage to the environment, and be in violation of the core principles of the IMechE. To keep waste to a minimum, the team should aim to replace the fewest possible aspects of the original motorcycle and should reuse any relevant components from prototyping. The kit should be manufactured in small batches. As the CBX550 is a classic motorcycle, there are few of them still in use; overproduction would cause excessive waste. 
The fabrication department should provide its members with relevant training to use the equipment required, safety equipment and clear safety signage, as this will reduce the risk of injury in the workshop. 
[bookmark: _Toc89028180]Concerns Regarding the Consumer
As the conversion kit is being sold to enthusiasts and wouldn’t be installed onto the customer’s motorcycle by the team, untrained customers may not install the product correctly. This would cause an enormous health and safety risk, as the customer could have a failure in their front brake and be unable to stop. To minimise this risk, the team should publish a detailed installation guide alongside the product. The team should also advise the customer to get the product installed by professionals, as they are better equipped to install the kit properly.


[bookmark: _Toc89028181]Conclusion
Successful development of this product relies on perfecting every aspect of the design, ensuring the safety of the user. This would mean the implementation of a matrix departmental structure, dividing up the team members into departments based on their competencies and allowing the design aspect that they are working on to be the best it can be. Communication between these departments is critical; for the product to be successful, every design aspect must be executed flawlessly. 
To achieve a perfect result, multiple prototypes should also be produced and tested to the appropriate standards so that comparisons can be drawn between designs, allowing the team to make an informed decision on what the best design for the product can be.
This structure and methodology can be adapted for any product’s development. To understand the benefits of operating a team this way however, one must also partake in other projects using different structures and must alternate one’s role within that team. One must understand how all aspects of development work, which can only be done through experience beyond this individual instance. 
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“This figure shows that if a ABS is mandated, the predicted number of slight injuries in
2032 falls from 78,010 to 75,704, 2 saving of 2,306 injuries.

‘Table 10 shows the predicted total number of casualties that could be saved across the
whole period from 2022-2032, based on the most pessimistic interpretation of the RAIDS.
data, if a regulation requiring the mandatory fitting of a single channel ABS s introduced
in2022.

Directorate-General fo Intermal Markes, Industry, Entrepreneurship and SHES.

Examination of the mandatory fitting of an anti-lock brake system and a supplemental
‘combined brake system at the choice of the manufacturer to L3e-Al subcategory.
motorcycles

Table 10: Predicted number of casualties that could be saved if ABS
mandated for L3e-A1 motorcycles in 2022, 2022-2032.

Casualty  Predicted  Predicted casualtiesin  Predicted casualties
severity  casualtiesin “Regulation’ case (2022~ | saved (2022-2032)
Do Nothing” 2032)
case (2022-
2032)

T S NI

Serious 212,080 209,181 2,899 (1.37%)
slight 838,162 824,152 14,010 (1.67%)

6.5. Estimated monetary benefit

Once the potential casualty savings had been predicted, the next step was to convert this
saving into a monetary benefit, so that it could be compared against the estimated costs.
of the regulation (see section 6.6).

Estimates of the monetary value of a road traffic fataliy, serious injury and slight injury
were obtained from the 2018 update of the Handbook on the External Costs of Transport,
prepared on behalf of the European Commission (Essen, <t al., 2019). These values are
shown in the middle column of Table 11. They were presented in 2016 Euros, so have
been converted into 2015 Euros using inflation data from Eurostat (Table 12).

Table 11: Monetary values applied o provented casualies, at market prices

Social unit cost (2019
euros)





