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Introduction
This report will cover the concept, design and production of a canoe paddle which will be a perfect fit for a wide range of canoeing types for beginner canoeists. It will further cover how the process will be carried out by the team for success as smoothly as possible, while meeting the appropriate standards. These standards are: sustainability, ergonomics, health and safety and the ability for the paddle to be versatile across all canoeing types, which will be ideal for beginner canoeists who have not yet worked out which fits their needs for the watersports they are to discover is best for them.

Project development
In order to ensure the project undertaken is run smoothly, there are certain steps and considerations that need to be accounted for. One of the first of these to overcome is the designing process of a unique paddle which is perfect for multiple canoeing types which will make it perfect for beginners who are undecided on which type of canoeing they prefer. The second is ergonomics to ensure the paddle is comfortable for the user as canoeing can become painful and fatiguing if the ergonomics are not accounted for, therefore, this is an important feature of the project. 
The first step of the project is for the team to design the paddle using CAD software. This allows for a 3D image, so the product can be viewed in a virtual but realistic space which ensures an accurate design can be made. The next step of the design stage is to construct a basic paddle which will need to be developed in order to carry out the versatility specification. A range of features that need to be considered are for the different canoeing types which are river, recreational, whitewater, racing, fishing and expedition (Steve, n.d.). For all these types, a ‘hybrid’ paddle needs to be created to act as a compromise for it to work well with all these types. Once this has been made in CAD, the material choices need to be considered to overcome the problems for it not being strong enough, comfortable, durable and lightweight for long journeys. 
For it to be a well-rounded paddle, the paddle needs to be finished with a high-grade resin on the blade with a fiberglass edge. This is to ensure it is protected against water damage for long journeys while toughening the edge in case of collisions with rocks or other objects. This ensures it may be used for whitewater and further provides a “beginner-proofing” (Bending Branches, 2021). Another thing to consider is that the shaft of the paddle needs to be strong and durable to satisfy the categories previously stated. In order to make the shaft durable, a suitable material is laminated wood. This is because laminated wood has a greater strength and stiffness than solid woods. On top of this, the shaft and handle need to have a smooth finish to ensure it is comfortable for the user. This will support the ergonomic factor (Bending Branches, 2021). Further the use of laminated wood over solid wood ensures the paddle is much lighter which satisfies the condition that it needs to be lightweight for long distance travel while expedition canoeing.
Moreover, the step to follow next in the design process is for the team to use CAE to virtually test the product for its quality of function. This will be done by exporting the paddle constructed in CAD into an appropriate CAE software and inserting the appropriate materials onto the product for testing. Using this, testing can be done for the strength, durability and hardness to see whether it is fit for manufacturing.
The final step of the product development is to manufacture the product. In order to do this successfully, the team need to firstly use an engineering drawing of the CAD design at a scale of 1:1 so it can be used as a template on a piece of laminated timber. Then, draw an axis centrally to ensure the blade and shaft are aligned and draw the outline of the paddle. Next, cut out the paddle using either a jigsaw or a bandsaw. Finally, the paddle needs to be properly shaped. This can be done using a smoothing plane for the blade in order to get the edges thin, a spokeshave for where the blade meets the shaft and the concaves of the handle and a block plane for the rest of the handle and the shaft. Then a suitable finish can be applied to protect the paddle, for example, a marine varnish or high-grade resin (Foster, 2021). For the additional touch of strength, the blade must have a fiberglass edge. For this to take place, two crescent shapes need to be laser cut with the same angle as the paddle blade so they can be screwed onto the edge of the blade. This will overcome the problem of the edge splitting in the event of a collision with rocks and other surfaces which may be harder than the paddle while keeping it lightweight for the user.

Health and Safety Legislation and Standards
During the manufacturing of this product, there are health and safety requirements needed to ensure the team can carry out making this product effectively as possible while ensuring it does not cause them any harm in the workplace. One of the things that need to be accounted for is the saw dust when using the jigsaw/bandsaw, smoothing plane and block plane. PPE will be required when using these, so the team do not breathe in the harmful particles (HSE, n.d). The team will need to use dust masks as appropriate PPE in order to protect themselves. 
Further, another item of PPE is steel toe cap boots. This is to protect the team in case one of the tools or any other heavy object is to fall and land on them. Additionally, when laser cutting the fiberglass edge of the blade, no items of PPE are required to be worn. However, safety precautions must be made. For instance, an extractor fan is required to be present and switched on when the cutter is in use so that fumes which may be harmful when inhaled are not breathed in by the team. Lastly, it is not a requirement that is in legislation, however, the final product must contain no sharp edges so that it is safe for the user and does not cause harm to hands when paddling for an extended period of time. Edges must be smoothed out during manufacturing using the smoothing plane and block plane. 

Environmental and Sustainability Considerations
Upon creation of this product there are sustainability considerations to adhere to. The paddle to be manufactured is made from laminated timbre. One of the reasons this is a very sustainable material is that wood contains carbon within it from when it was absorbed in its life as a tree (Karnik, 2021). Meaning, wood is a source of carbon capture. Further, wood can be recycled multiple times and be reused in a different form which ensures it is another reason it is an environmentally friendly material. Therefore, the material choice chosen is a suitable, sustainable option. 
Furthermore, the fiberglass component is also very environmentally friendly. This is because the main component of fiberglass is silica (sand) which can be obtained from areas of low biodiversity, such as deserts. This further requires less energy to mine than other materials which are deep in the ground which reduces carbon dioxide emissions. Another reason is that the production of fiberglass is a low energy-intensive process, and it is very durable so will last for a long time without replacement. Finally, fiberglass is a very recyclable material, which means when the paddle does eventually break, the components of it can all be used to make another product or potentially another paddle (Royal Corinthian, n.d).

Conclusion
In conclusion, the paddle constructed meets the target market, which are beginner canoeists that have not yet decided the canoeing type for them. It further, is a well-rounded paddle for all canoeing types, so is a versatile product which moreover meets the specification of the paddle. However, due to its versatility, this means it does not carry out its function to perfection in one area of canoeing. It has also been made to a sustainable standard which meets the environmental and sustainability aspect of the specification, as it has been created from products that either are recycled or can be recycled while keeping sourcing of these materials low in carbon footprint. 
However, this product cannot be 100% carbon neutral as timbers do need to be made from the felling of trees. Additionally, fiberglass does contain plastic fibres within them which may not have the ability to be recycled as plastic can only be recycled so many times. Therefore, although the production of this product has been made as environmentally friendly as possible there are still areas where sustainability cannot be achieved. Nevertheless, this product has been designed and manufactured to the best it can be in order to meet the specification.
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