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[bookmark: _Toc88930583]1.Introduction

This report will detail how a team would be led in the design and development of a mechanical keyboard, with the main aim being to create a suitable team to develop the product as efficiently as possible. To add to this there will be moral, ethical, environmental and safety concerns when developing a new product and it is of upmost importance that these factors are assessed and that any required standards are met, to protect those manufacturing the product all the way through to protecting the environment at the end of the products life.
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[bookmark: _Toc88930585]2.1 Team Structure
The first stage in the development process is to identify the different components of the product that are required and decide whether they will be developed from scratch in house or purchased from a separate supplier, in this case the key stabilisers, as well as the key switches themselves will be purchased from an existing supplier which leaves the PCB (printed circuit board), case, keyboard plate, cable (if required) and keycaps to be developed within the team.
With this in mind the sub teams that would be required for an efficient development process are as follows:
-Industry and product research-> research existing products/industry and research compatibility of purchased components to newly developed components.
-Design and prototyping-> create the initial designs of new components to pass onto the CAD and CAM team and create the first prototypes.
-CAD and CAM-> model all components of the product using CAD to test part compatibility and use this to produce them using CAM.
-Electrical and Programming-> Design and manufacture the PCB of the board and once completed, program the product, testing different options along the way.
-Product testing-> taking a completed product test its durability in real world use and look for any flaws or areas of improvement before the product is sent into full production.
These teams will work in conjunction with one another to maintain communication and assure that any issues that are run into during the process can be resolved by the required sub team, To add to this some team specialized team members will be required including a Research and Development specialist, CAD/CAM specialist, Electronics specialist, and a Testing and Prototyping specialist to increase effectiveness of each sub-team, increase work rate and allowing issues to be more easily resolved when they arise.



[bookmark: _Toc88930586]2.2 Codes of conduct.
Within engineering there are many codes of conduct and practice that an engineering team must abide by, often different depending on location around the world. In the United Kingdom the Engineering Council is the regulatory body within the UK for engineers, holding national registers of over 229,000 different engineers and technicians (Engineering Council, 2020). The Engineering council also covers ethical principal for engineers, split into four sections: 1. Honesty and Integrity, 2. Respect for life, law, the environment and public good, 3. Accuracy and rigour, and 4. Leadership and Communication (Engineering Council, 2020). When working as an engineer all of these are expected to be followed to make sure the product that is being developed is up to the highest standard, therefore making sure that the chosen departments within the team are following these is very important. 
Following on from the ethical principles the Engineering Council has also created UK-SPEC which describes the competence and commitment requirements that must be met to be registered as an Engineering Technician, Incorporated Engineer or Chartered Engineer (Engineering Council, 2014). Similarly, to the ethical principles ‘competence’ is split into five sections as follows:
A - Knowledge and Understanding.
B - Design and development of processes, systems, services, and products.
C - Responsibility, management, or leadership.
D - Communication and inter-personal skills.
E – Professional commitment. 
(Engineering Council, 2014)
Once an engineer or technician has successfully registered with UK-SPEC it makes it very easy for employers to see the skills and commitment required for the job they are applying for, this will be very useful when selecting the team to ensure competence and reliability in the job.
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[bookmark: _Toc88930588]3.1 Development Process. 
The first step of the design process would be to research the industry surrounding the product and assess other similar products to gain a base understanding of the field and also the aims and goals of the product before moving on with the development. Websites such as https://mechboards.co.uk  and https://mechanicalkeyboards.com are great examples to show the different sizes and styles of a variety of mechanical keyboard components.
The next step in development would be to create a design and measurements using the industry research to help, using a program such as Solidworks to model the components to the correct scale. The use of CAD is very important in this stage, particularly so with a product that has multiple components as the tolerances and sizing are crucial for a good fit of parts and a high quality, durable finish. Any issues that are run into when modelling the product within CAD can be much more easily corrected and adjusted which makes the development and problem-solving ability of the team very effective.
Moving on to the next step, with a finalised model developed within CAD one or more protypes can then be produced to make sure that the manufacturing is going as intended and also the prototypes can be used for various testing. One example is Logitech who the same as many other brands stress test their products up to tens of millions of clicks per key, they also use software that works alongside the mechanical stress testing to give feedback from the tests (Yam. M 2013). As the mechanical switches for this product would be purchased from a separate supplier they would not require to be tested as they will already have been, however the other components would be for example the rigidity and stiffness of the keyboard plate and the durability of the cable.
The final step once the product has successfully passed the design and testing processes is for it to be given a final assessment, in which the product is heavily scrutinized for one last time before being sent into production to try and find any final areas of improvement or flaws that may have been missed along the way, once this has been completed the product will be ready to move into production.
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[bookmark: _Toc88930590]4.1 Issues
Potential issues could arise in many areas both during the development process or after it, and could come in the form of safety, quality, or environmental issues to just name a few. One main issue is with the PCB (printed circuit board) and the manufacturing process behind that, as traditional manufacturing methods use energy intensive and high emission processes involving copper, epoxy resin, glass fibre and water, and once the PCB ends it life cycle it becomes a waste product (Cadence PCB Solutions, n.d.). To add to this large numbers of chemical baths are used in the manufacture process, with rinsing in between which leads to vast amounts of water becoming contaminated and wasted (E. Ozkan, N. Elginoz, F.G. Babuna, 2017). To counteract this there are now environmentally friendly PCBs using inkjet and laser printing to biodegradable boards, furthermore these new methods can promise 90-98% of copper from waste boards is recycled (Cadence PCB Solutions, n.d.). 
[bookmark: _Toc88930591]4.2 Ethics
In addition to the environmental impacts there are also ethical considerations to be made throughout the process both for those working within the development and manufacturing teams but also for the consumer. Firstly, ethical manufacturing is focused on good health, safety, and fair compensation of the workforce, this will always be more costly but will be a reflection of the quality and value of what is being produced and sold (Janery, n.d.).  Moving on, the fundamental ethical values to the customer would be respect and honesty, both helping to build trust between the consumer and supplier supporting mutual exchange through honest trade (C. Hodges, 2016). Following these fundamental values will not only improve the safety across the board but also improve relationships within the workforce, and to the consumer afterwards.
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[bookmark: _Toc88930593]5.1 Overview
Running a successful product development requires lots of research and care particularly in 2021 where the attention on quality, environmental impact and ethics is at an all-time high. With measures mentioned such as UK-SPEC it is becoming easier to find and select the correct engineers for the task at hand which will help greatly when creating an engineering team. With this improving the quality expectance is also increasing, from the beginning selecting a team all the way through the design and development processes every potential issue, flaw, or hazard must be paid close attention to. 
The use of CAD and CAM throughout the process showed to streamline it greatly, not only in terms of speed and efficiency but also accuracy and ethics, however cost becomes a factor very quickly with large automated systems which are very expensive to purchase and maintain, and with milled aluminium components such as the keyboard frame and plate being designed on CAD to be manufactured that way, the cost must be considered in small batches and if it is financially viable. 
Through the research completed the largest issues to overcome with the keyboard that was chosen is the environmental impacts from the manufacturing methods of the PCB, however there are many new and innovative ways to work round this issue. Also, the choice of material becomes very important for this same reason as the recyclability must be considered. 
[bookmark: _Toc88930594]5.2 Personal Development
Completing research for this report has given me a great insight into some factors that I was previously unaware of when running a team within a business and the many responsibilities there are in that situation. Once I finish University the end goal for me would be to work in Formula 1 in some capacity and there will be many steps along the way to this goal, all of which involve working in close-knit teams and sub teams with rules and guidelines to adhere to whether in the motorsport or automotive industry, so having good team working and leadership skills is incredibly important for me moving forward in my development as a future engineer.
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