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Abstract
The purpose of this report is to investigate, the current manufacturing process used in the production of bike frames and to then compare this with an alternative, additive manufacturing process. This report will aim to draw comparisons between the different methods of manufacture with relation to cost of manufacture, the accuracy and intricacies with which the product can be produced, timescales and efficiency of the production method and waste levels during the process.
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Additive manufacturing, previously known as rapid prototyping, is the process of producing objects through the addition of many layers of a given material. With the use of additive manufacturing it is theoretically possible to produce an object of any shape in one single step, by using a robot to follow a 3D CAD model, without the need for any other tooling. (Pinar Urhal, 2019) 
Additive manufacturing and 3D printing are changing the way products are manufactured all over the world, due to the speed at which it can be used in order to produce extremely intricate and precise products and objects. Additive manufacturing is used by a wide range of businesses, spanning the medical, automotive and aerospace industries. (Amit Bandyopadhyay, 2018)
Bicycles are considered the most sustainable transportation method across the world. All around the world bikes are used in extremely large numbers everyday but it is rarely considered how the production process is contributing to an impact on the environment through the use of the raw materials and production methods. (Luna, 2016)
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Current Manufacturing Method

Currently the most common two materials being used for the manufacturing process for bikes which I will be investigating, are aluminium and carbon steel. Both of these have positives and negatives which make them good materials from which to produce bikes. Steel is good for use in bikes because is it a very strong and durable material which will last a long time, it is also the cheapest mainstream material used in manufacture. The problem with a steel frame though is that it is heavy, which in cycling is a problem as it will impact speed. Another problem with steel is that it will rust, which will significantly reduce the strength over time. Aluminium is a highly used alternative, although not as durable or strong as steel, aluminium is a very effective material to use because it is a lot lighter. Aluminium is also easier to form so lends itself to a wider range of designs and it a lot easier to work with during manufacture. (Dzierzak, 2016)  
The current process for producing a bicycle from aluminium or steel will start by heating the metal to allow it to be hollowed out to form the original tubes of the frame. These tubes then must be pickled in acid to remove any scale from the metal before they can then be measured and cut, to a range of set sizes. To achieve the correct gauge the tubes are then passed through dies through a process known as cold drawing. This is for the shape of the general frame and can be altered slightly to achieve different designs or sizes for the frame. (http://www.madehow.com/Volume-2/Bicycle.html)
Once the basic shape of each tube has been made, the next step is for them to be built into the correct shape for the frame. To connect the tubes, they will be brazed or welded to connect them which can either be done by a machine or by hand. Butting or lugs may be used on all stress points of the frame to thicken the walls to add strength to the design. The welds on these must be well sealed to stop there being any ingress of water into the frame which would cause the metal to corrode from the inside, weakening the structure. (http://www.madehow.com/Volume-2/Bicycle.html)
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After the welds are complete the frame will then need to be inspected as there may be alignment issues in the production. Any discrepancies will then need to be altered which the frame is still hot and malleable before being inspected again. All welds must also be checked and cleaned to give a good finish to the design. (http://www.madehow.com/Volume-2/Bicycle.html)
Throughout the process I have discussed, the software requirements are very low, as all the work is carried out manually, there is no need for any programmed systems to be used. The hardware requirements though include heating equipment, to make the original solid blocks malleable enough to work with, presses to hollow out the tubes, measuring and cutting equipment for the tubes, welding or brazing sets and a range of different sized and shaped jigs in order to set up the frame to ensure correct alignment. Along with each of these pieces of equipment, there is also a requirement for trained operators who are able to carry out each stage, as none of the process is automated. 




















[bookmark: _Toc31974815]


Additive Manufacturing Alternative

The process which I have decided to chose to use as an alternative for the production of the bike is 3D printing. The principal benefit of using 3D printing is it will allow for more personalised sizes and shapes of bike for each individual depending on their design requirements. Another positive of using 3D printing is that there is a very high accuracy in the finish of the product. In order to produce a bike using 3D printing for each specific bike the manufacturer would need to know all measurements of the rider, such as leg length, reach and height, and from this would be able to determine the most comfortable bike for the rider. 
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With these sizes the designer would then be able to use 3D modelling software to produce a virtual model of the bike. This design could be altered by the customer with regards to shape and style in order to make the frame specifically to their requests. This altering of the design is possible right up until the time of manufacture as there is no need for any jigs to be made prior to manufacture. The designer would then send this 3D image to the printer and without the need for any other tooling would be able to produce the design. 
The material which I would select to produce the frame via 3D printing would be carbon fibre filament. Carbon fibre is an extremely light material which makes it ideal for use in bike frames as weight is a key factor is frame production and although very light carbon fibre is an extremely strong material so it very durable. Normal carbon fibre is produced using long strands overlapping each other and mixed with a resin to form their extremely strong characteristics. This of course can’t be replicated exactly for 3D printing due to the size of the nozzle on the printer, so instead the carbon fibre is cut into very small pieces and mixed with another plastic such as nylon, which will form a carbon fibre reinforced polymer known as a carbon fibre filament. Another benefit of using carbon fibre filament is that it is not very susceptible to corrosion such as steel or aluminium. (Flynt, 2018)
Software requirements for this method of manufacture would be the 3D design software which would be used to design the frames, to meet to customers’ requirements. You would also need someone who was trained to produce the designs. The hardware requirements for this would include a computer cable of running the design package you will be using, a 3D printer with nozzles capable of printing using carbon fibre filament which will need to be maintained periodically and raw materials. 
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[bookmark: _GoBack]The speed at which you can produce a bike using conventional methods are governed by many different tooling stages which I have mentioned previously and that is just with reference to a standard bike frame. If you were to produce a specialised or customised bike, then doing this would take even longer because individual jigs would have to be made for each frame to ensure the correct shapes and sizes. With comparison to this, 3D printing would be able to produce the frame in a single step which would be much less time consuming. The timeliest part in the production of the frame using this method would be the design process and ensuring the CAD model was correct, but this would be the case in either method, so over all it would be quicker to produce specialised frames using the 3D printing method. 
When producing an object via 3D printing there is very little waste material at all as the printer will only be producing exactly what is required in the final product, which is good for both environmental and cost saving reasons. In comparison, using conventional methods does have more waste material such as off cuts from the cutting stage. Also, as there is more chance of error when manually building the parts of the bike it may also lead to parts being disposed off due to discrepancies, where as with a 3D printed object you know it will be exactly what you have designed so will not be wrong. 
The accuracy that can be achieved by using 3D printing is extremely high. The printer can work to extremely low tolerances to produce any model which you require, this means that regarding discrepancies in the product, the only place they will come from is if there is a problem with the design. In contrast, there are several stages in which human error can occur within the normal production methods, such as during brazing or with the alignments which could impact the performance of the product for the user. 
The safety of producing the frame using normal methods can be slightly dangerous as there are many stages where problems can occur, such as during the very high heats at which the metal needs to reach in order to be hollowed, or during the welding or brazing stage. The 3D printing method does not have these issues as the machine will carry out the job using the image from the computer, without the need for an operator to be in the line of fire. 
In conclusion, the research which I carried indicates that for single productions, the 3D printing method of production is superior as it allows the end user to specify exactly what they require from the bike and they the designer will be able to create it, to meet all of their needs, from an extremely lightweight but strong material. These characteristics make this design method perfect for people who are buying bikes for racing purposes and those who are more serious about cycling.
In much larger batch productions where the requirements are not as specific, and the user does not have a requirement for the bike to be extremely light and a custom fit, but instead is looking for a cheaper alternative, the printing method may not be the most efficient. This is because you would have to go through the design process each time using 3D printing rather than just keep building stock sizes and shapes, which would be cheaper and faster to do using the conventional method of production.  
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