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Executive Summary
With mountain biking growing rapidly over the past 10 years the need for new replacement parts has increased, with so many brands manufacturing in the Eastern world these parts get shipped to the customer creating long lead times, increased delivery costs and excessive emissions. 
This project proposes the industry starts moving towards additive manufacturing, specifically 3D printing. With some brands inside the industry already printing metal components whilst the rest of the industry manufacture Aluminium or Carbon Fibre components via their traditional methods. The gap in the market is for manufacturers to take advantage of 3D printing and begin to manufacture spare parts in the local country that they are needed, this reduces lead times, inventory, emissions and allows companies to better support their customers with on-demand spares. 
Research has shown that the current composite manufacturing method is excessively long, whereas adding composite reinforcements during printing is quick and easy – even reducing costs as it does not need tooling moulds or curing. 
Primary research shows that customers are interested in trying these new types of components and would be happy to spend a little more to have a replacement part quicker. Meanwhile, secondary research shows that bike centres and manufacturers are looking for new ways to support their customers and get them back riding quicker. 
The strength of 3D printed Carbon Fibre composites has been tested on a small scale in this project and show good potential, however, some design modifications are required to be able to produce parts suitable for real-world use. Further research and testing into the long-term effects of using 3D printed composites still needs to be done but this report has highlighted a gap in the market for the industry to explore further.
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[bookmark: _Toc198508756]1. Introduction
The mountain bike industry was kickstarted in California the 1970’s with brands such as Gary Fisher, bikes were heavy and were designed and built to be able to withstand the terrain. By the 1990’s more bike brands were involved, creating bikes using the newest technologies and materials, with the aim of building bikes that couldn’t just survive the challenge, but push the boundaries to what was thought to be possible. (eamountainbike, 2024).
Fast-forward to 2025 and the mountain bike sport in the UK alone has around 4.1 million participants: with approximately 33% of UK bike owners having a mountain bike (Darlow, J. 2025). Darlow continues to list many reasons that despite ongoing industry disruption from the Covid-19 situation mountain biking is expected to continue to grow. Just considering the UK, there are many places designed for biking, with Scotland alone estimated to have 5000km of singletrack riding. 
Supporting this growth is the technology developments that keep the industry leaders in competition, from the first suspension systems in the 1980’s, hydraulic disc brakes in the 1990’s and dropper seat posts in the 2000’s. There have been many innovations in between, from wheel size changes, gearing system updates and frame material choices that have contributed to an industry that is constantly changing, trying to keep up with the latest engineering advancements to gain the edge and push consumers to buy and ride more (Anderson, F. 2024).
Norman, P (2024), discusses the material changes that have been seen in the industry, mainly considering frame design and manufacture. Originally Steel frames were the go-to (figure 1), until Aluminium began to take over due to the ability to make stiffer frames as material thickness could be up to twice that of steel (figure 2) whilst still being lighter. 
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[bookmark: _Toc198508790]Figure 1. The Cotic Rocket Max Steel Framed Bike (Cotic, 2025).
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[bookmark: _Toc198508791]Figure 2. Trek Slash 9 Aluminium Frame Bike (Trek Bikes, 2025).
Aluminium’s lower density allowed for frame design to become more aerodynamic and stronger, with the introduction of new tubing designs (figure 3) giving bike companies the opportunity to make frames thicker where they need to be and reduce weight where there is limited strength benefit (Ribble Cycles, 2022).
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[bookmark: _Toc198508792]Figure 3. Different Aluminium Frame Tube Butts (Ribble Cycles, 2022).
Steel is still available from some manufactures due to its classic feel and increased flexibility providing a less harsh ride compared to Aluminium. Titanium is a high-end alternative for people who are interested in Steel style frames and have the budget for a purchase that is considered by most as a ‘bike for life’ purchase. Strong, durable, resistant to fatigue, and corrosion resistant make Titanium an ideal choice for those with the desire and budget to pay the premium (Norman, P. 2024).
Donague, P (2022) explains the introduction of composite Carbon Fibre frames in the 1990’s in the road cycling industry - with a goal of making the lightest frame possible. This aim of achieving lightness quickly led to a misconception of Carbon Fibre being ‘brittle’ and ‘easy to break’ (figure 4).
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[bookmark: _Toc198508793]Figure 4. Cracked Yeti Mountain Bike Frame (Gerow, 2024).
[bookmark: _Hlk195645609]Geisreiter, M (2021) evaluates the advantages and disadvantages of Carbon Fibre Reinforced Polymer (CFRP), commonly just referred to as Carbon. The article draws conclusions to the importance of correct manufacturing processes and designs, explaining how not all frames are created equally and that every step of the process (material sourcing, frame design, manufacturing processes, quality control and product testing) all impact the result more than the material choice. 
In the mountain bike world Carbon Fibre frames have a focus on being the best frame possible, not the lightest. When designing to use Carbon Fibre the layup of the Prepreg (Carbon Fibre sheets that are pre-impregnated with resin) need to be considered, getting the layup orientations correct is what provides strength in different directions and allows for the development of frames that are torsionally stiffer, providing more efficient power delivery to the rear wheel (figure 5) (Geisreiter, 2021). Getting this right also provides more dampening to the rider through flex in specific directions (Donahue, P. 2022). As design and testing of Carbon frames has progressed its use has grown with it becoming a normal in the sport, and with Carbon Fibre now being implemented on other components.
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[bookmark: _Toc198508794]Figure 5. Carbon Fibre Prepreg Layers Being Prepared for a Mold (Geisreiter, 2021).
Add Composites (2025), list the many used of Carbon Fibre for bike components, such as for wheel rims, making them lighter, with less rotational weight allowing for better acceleration and increased stiffness whilst reducing the chances of buckling. Raceface, one of the industry’s leading component manufactures discuss their offerings of a lifetime warranty on all their Carbon Fibre parts – highlighting the confidence that manufacturers have that composites are the way to go regarding durability and longevity. Their range of wheelsets, pedal cranks and handlebars show the industry is moving to have increasing applications of Carbon Fibre (Spencer, J. ND).
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[bookmark: _Toc198508795]Figure 6. Carbon Fibre Prepreg Being Fitted to the Negative Mould (Geisreiter, 2021).
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[bookmark: _Toc198508796]Figure 7. Carbon Fibre Components Being Baked (Geisreiter, 2021).
The manufacturing costs of using Carbon Fibre are the limiting factor on this material becoming used for many other parts, it’s said that Carbon Fibre frame manufacturing costs are approximately a third labour, a third materials and a third overheads - with labour costs worldwide increasing over the past few years this is driving this cost up further, with many manufacturers building frames (figures 6 & 7) in one place and needing to ship them around the world. (Carbon Bike Repair, 2024).
Add Composites (2025) reviews the manufacturing processes for Carbon Fibre component manufacture as being “largely a manual process requiring expertise and experience”. The manufacturing of the prepreg Carbon Fibre sheets is also a large cost contributor due to the numerous steps (figure 8).
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[bookmark: _Toc198508797]Figure 8. Carbon Fibre Prepreg Manufacturing Process (Add Composites, 2025).
Whilst the opportunity of laying the Carbon prepreg sheets in different orientations in the mould to produce frames with varying properties is great, this can be particularly difficult when manufacturing smaller components, especially compared to metal forming processes such as forge stamping and CNC machining, both of which can produce smaller metal components relevantly cheaply (Carbon Bike Repair, 2024). 
Add Composites (2025) suggest that the development of new manufacturing techniques involving the printing of Continuous Carbon Fibre shows promise for reducing waste and labour costs. 
” We’re still going to see a lot of different concepts and construction methods for carbon in the coming years,” expects Nils Verhoeven from DT Swiss. (Enduro-mtb. 2021).

[bookmark: _Toc198508757]2. Project Aim & Objectives
[bookmark: _Toc198508758]2.1 Aim
The aim of the project is to evaluate the viability of using 3D printed plastic components (both plastic and plastic based composites, such as continuous strand Carbon Fibre) instead of metal components in the cycling industry. 
[bookmark: _Toc198508759]2.2 Objectives
· Evaluate the current market in the mountain bike industry, what components are made, how are they made, how has the manufacturing market changed over the years and how this has impacted the MTB industry.
· The development of 3D printing and additive manufacturing. What processes are available, what materials are used etc. Both composites and metal prints.
· Research what parts could be 3D printed and why, analyse the market to determine whether this would be accepted and whether bike shops/bike park centres would be interested in this proposition.
· Design for manufacture – what considerations need to be made when designing for 3D printing.
· The printing of composite components using different printers and materials. Reviewing the print quality, material properties and viability of use in the real world.
· Complete lab testing on a variety of printed composite parts. 
· Evaluate the viability of using these components in real-life. Discuss the advantages and disadvantages.









[bookmark: _Toc198508760]2.3 Timeline
With a large number of factors to consider and a deadline date of 19/05/2025 the below schedule was put together at the beginning of the project to keep tasks on track and help ensure the project comes to a close at an appropriate time (figures 9 and 10).
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[bookmark: _Toc198508798]Figure 9. Initial Gantt Chart (Tasks 1 to 12)
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[bookmark: _Toc198508799]Figure 10. Initial Gantt Chart (Tasks 13 to 24)
Due to factors external to the project this schedule was not achievable but provided a guide as to what tasks needed to be completed and set a rhythm for what level of progress was required. 



[bookmark: _Toc198508761]3. Methodology 
This report evaluates the objectives; starting in section 4; this section explains the theoretical implementation of 3D printing technology in the mountain bike industry and why this would be advantageous over the current processes. 
Section 5 discusses the range of parts that could be printed, evaluating what parts commonly break, which parts are more difficult to replace etc and some general industry research on component types, materials, manufacturing methods, costs, replacements and current advancements of 3D printing. Primary research has also been completed to find out the opinion of 3D printed parts from a rider perspective.
Sections 6 & 7 analyse the most common materials used (Aluminium and Carbon Fibre) in more detail – why they are used, their benefits and considerations. Section 8 explores the development of 3D printers making considerations for future development, for example, if plastic 3D printing is becoming commonplace how long until metal 3D printing is easily accessible?
The next section (9) discusses 3D printing in more detail, analyses the materials, how they are printed, and the post print processes etc. Section 10 reviews some of the design for 3D printing principles before section 11 reviews some sample parts that have been printed from a range of materials and via different printer types.
Section 12 summarises the laboratory testing that has taken place, comparing the results to supplier data as well as drawing comparisons between the materials and printers that have been used in this project.
Section 13 discusses what the next steps should be for moving this project onto the next stage, whilst section 14 concludes the project. 


[bookmark: _Toc198508762]4. Proposed Implementation
[bookmark: _Toc198508763]4.1 Current Processes
TBS Bike Parts (2024) list some of the most commonly broken mountain bike parts to be drivetrain components such as derailleurs (including the individual parts of the derailleur and the mounting hanger), and handlebar & stem components. One of the most popular derailleurs used in the higher end of the industry is the SRAM GX Eagle, this retails for a RRP of £122 (Tweeks Cycles, 2025). On many top end bikes the wireless gear systems are being used, the electronic equivalent, the SRAM GX Eagle AXS, retails for around £360 (Tweeks Cycles, 2025). Although cheaper alternatives are available, typically cyclists will re-fit the same as manufacturers standard parts, or upgrade when replacing worn out or damaged parts, articles such as Bike Radars list of “Eight of the best upgrades you can make to your bike” support this with servicing worn out or damaged parts being considered one of the best upgrades you can make (Bike Radar, 2025).
If a rider were to damage a derailleur - typically bending the arms (figure 11), the typical costs for replacements would be around £40 (Decathlon, 2025). Replacement kits such as this typically only include replacement pulley wheels and one ‘outside’ arm. However, if the inner arm is also damaged beyond repair it can be difficult to source replacements and so often the whole derailleur is replaced. Even if replacement parts are found they would likely need to be ordered (as bike shops aim to keep on-hand inventory to a minimum and would only stock full replacements).
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[bookmark: _Toc198508800]Figure 11. Derailleur with Bent Arms (emtbforums, 2020).
The current method of replacing/repairing parts, even just considering this one part, is excessively expensive, wasteful and slow to the customer. The lead time may not be hugely important in some situations (especially considering that mountain biking is a hobby for most), however, with the increase in trails as discussed in section 1, many people are travelling to ride their bikes, often booking multiple day trips and abroad holidays. A broken part with a replacement taking a few days to arrive is not quick enough in these situations. 
[bookmark: _Toc198508764]4.2 Proposed New Process
With the advancements that have been made in 3D printer capability, quality and financial affordability there is huge scope for printing to be accessible on a much more local scale. For example, larger bike shops or distribution centres could be authorised to print parts on behalf of brands such as SRAM and Shimano. 
The risk to these brands can be minimised by the use of digital file libraries, allowing files to be locked from editing and allowing for remote printing - meaning the only required expertise would be someone of technician level to replace material, clean the machine and complete general maintenance.
For example, the Markforged software has a library function (figure 12), this allows the file owner to not only control the part but also the printer set-up and printer functions, all the operator needs to do is clear the print bed and ensure the correct amount of material is loaded into the printer. 
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[bookmark: _Toc198508801]Figure 12. Mark Forged Print Library (Mark Forged Software, 2025).
As Matt Brett (2025) from road.cc explains, almost all the big mountain bike brands manufacture their components in the Eastern world. Some of these parts can be bought direct from the manufacturer, however, the rest require continental warehouses, parts dealers and business to customer shop fronts. Being able to 3D print components in the country they are going to be used can not only reduce the carbon footprint of each component, but also the lead time. A customer would be able to order a component, no matter how small or insignificant, and get it printed overnight with next day delivery – this can also be done for a fraction of the price (no tooling set-ups or global shipping) and would drastically reduce the amount of waste that is normally involved in fixing repairs.
For example, the calculator available on the ‘Emissions Calculator’ website suggests a 1 tonne shipment of parts from Taiwan to London would produce around 85Kg of CO2, if using air freight this could be up to 6667.5Kg of CO2 (emissioncalculator. 2025). With the global aims of reducing CO2 emissions whilst trying to minimise customer lead times 3D printing is becoming an ideal option.
High end bike parks and stands at events could also be given this ability, allowing them to support riders with same day repairs and replacement parts on site – no lead times, no increased inventory, no risk of obsolete parts and only requiring the investment of a 3D printer set-up and print technician training. There is evidence that this is something that bike parks want to provide, with Bike Park Wales now offering a partnered scheme with Rockshox suspension called ‘Save the Day’. This service means that the bike workshop keep stock of free to use suspension parts for riders to borrow if their own parts fail during their day/s of riding (Bike Park Wales, 2024).
3D printing is not only able to reduce lead times and manufacturing emissions, for the manufacturing of more complex parts, such as Carbon Fibre components, 3D printing can drastically reduce the complexity of manufacture. For example, the process flow shown in figure 13 shows the typical process for manufacturing a Carbon Fibre part, this has the potential to be reduces to the process flow that is shown in figure 14 if 3D printing can be utilised. 
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[bookmark: _Toc198508802]Figure 13. Process Flow of Old Manufacturing Method
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[bookmark: _Toc198508803]Figure 14. Process Flow of New Manufacturing Method

Oliver Partridge’s article printed in Design Engineer magazine (Partridge, O. 2025) discusses continuous fibre 3D printed composites as being an alternative to Aluminium with reduced set up costs and much quicker lead times compared to machining components. Partridge continues to discuss some case studies, such as ISS Aerospace who have utilised this technology to print components for their UAV’s (unmanned aerial vehicles), allowing them to produce parts that have a more desirable strength to weight ratio whilst also being able to rapidly replace damaged parts and create custom designs. Another case study discussed in the article covers DANA Incorporated who have managed to reduce their tooling costs by 70% and reduce their lead times by 90% through the utilisation of composite 3D printing – this shows that other industries are already pushing forward with this technology and so there is an opportunity in the mountain bike industry. 





[bookmark: _Toc198508765]5. Potential Component Research
[bookmark: _Toc198508766]5.1 Market Research
Soffe, W (2022) explains how despite how most manufacturers in the industry are machining parts from Aluminium and building frames using Prepreg Carbon Fibre sheets, some companies have begun printing metal parts. One of the first drivers for this are Atherton bikes who 3D print their frame connection lugs out of a Titanium powder which is then sintered. The Atherton bikes are build using Carbon Fibre tubes that are then bonded into the connection pieces to create the frame (figure 15). For them, this method allows each bike to be customised to the rider’s size and preference, this also allows for rapid prototyping. Using this style of tube and connector framework for prototyping is something that has been used in the downhill racing scene where brands such as Pivot have developed their most recent bike (the Pivot Phoenix) using this method, allowing them to quickly make updates and modifications without requiring complete redesigns. Although the lugs used on the Pivot prototype bikes are machined from Aluminium rather than printed, leaving Atherton Bikes to be one of the only manufacturers who 3D print their connector lugs.
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[bookmark: _Toc198508804]Figure 15. Atherton Bike Frame (Atherton Bikes, 2025).
Outside of frame manufacturing the mountain bike components industry has evolved massively over the past few years, with the simplification of parts (moving from a standard 3x9 gear system to a 1x12 gear system that is now electronically controlled). The materials used however, are still very much the same; machined Aluminium alloy components with small amounts of Steel for critical parts such as pedal axles. 
There are some parts that use other materials, for example, handlebars, wheels and crank arms on high-end bikes have been moving to Carbon Fibre. These are built using the same manufacturing methods as Carbon Fibre frames (layering prepreg Carbon Fibre sheets in a mould). This means that parts such as high-end wheelsets are now much lighter than they used to be and are also much tougher than their Aluminium predecessors. With almost all manufacturers now offering lifetime warranty/lifetime crash replacements on their Carbon Fibre wheelsets (Hunt Wheels. 2025), this shows that the industry is confident in the abilities of composites to be the future of mountain bike materials. 
[bookmark: _Toc198508767]5.2 Components That May be Suitable 
Small, customisable parts that can be awkward to replace are an ideal candidate for 3D printing, components such as brake levers (figure 16) can vary considerably between brands and models (making them more difficult to get hold of in physical shops as no shop can keep every part in stock). 
They are also easily broken in a crash and a broken brake lever could deem the bike un-rideable for a few days whilst a replacement part is found. As discussed in section 1; with so many riders booking riding trips and with bike parks and trial centres being so spread out it can be difficult to find replacements quickly, with the only answer frequently being to order parts online. If an authorised bike shop had the ability to print a lever at short notice it could get the customer back riding in a matter of hours, rather than days waiting for a part to be delivered.
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[bookmark: _Toc198508805]Figure 16. SRAM Code R Brake Lever (Bike Radar, 2022).
Other handlebar components, such as trigger shifters and dropper post levers (figure 17) also fall into this category - with brands such as Hope charging £60 and upwards for their lever systems it shows that customers must be willing to spend a fair amount of money on replacements, especially if shorter lead times can be achieved (Kirkman, 2023).
[image: Hope Dropper Lever ]
[bookmark: _Toc198508806]Figure 17. Hope Bikes Dropper Post Lever (mtb.com, 2023).
As discussed in section 4.1, rear derailleur components are also very easily broken, sometimes not even in a crash but just from catching an object on the trail. With almost 45% of bike exporting coming from China and Taiwan alone (TheBestBikeLock, 2024), bikes and their spare parts are becoming less commonly found in local stores and so the normal method of replacement is to change the whole derailleur. If a bike shop had the ability to print replacement parts not only is there a reduction in waiting time for the customer, but also a reduction in the carbon footprint and the amount of potentially reuseable parts that get disposed of.
Other non-critical components, such as chain guides, bash guards, frame protectors and mudguards could all be 3D printed to reduce the carbon footprint of manufacturing in one place and then shipping worldwide. As these parts are not critical to the operation of the bike these would be easier and cheaper to print as they receive less harsh use to other bike parts. 
With the development of materials and manufacturing techniques components such as pedals, typically machined from aluminium and built up with steel bearings and axels are also now commonly available in composite materials, typically Nylon and Fibreglass (figure 18). This provides a much cheaper alternative than Aluminium pedals without losing much quality (TBS Bike Parts. 2022).
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[bookmark: _Toc198508807]Figure 18. Burgtec Nylon & Fibreglass Composite Pedals (Burgtec, 2025).
It’s not only composites that could transition to an additive manufacturing method, as Luke Marshall’s (2022) article for Bike Radar discusses, one of the top mountain bike parts to upgrade is handlebar grips. They play a vital role being one of the only contact points between rider and bike and so many people chose to upgrade them and swap them out relatively frequently. With so many options being available it shows that manufacturers are constantly trying to make something that suits every rider – with the range of 3D printer materials available this part could be easy to print whilst allowing a wider range of customisation to the end user. 
With so many options for parts that could be tried and tested it is difficult to know what parts to print first, the deciding factor lies with what parts the general mountain bike community will be willing to use and the 3D printer capabilities and materials that are available. 
[bookmark: _Toc198508768]5.3 Contact with Current Manufacturers
Multiple component brands were contacted regarding this research project, requesting support with sample components, opinions on the viability and any other discussion points regarding this subject. Unfortunately, this strategy was unsuccessful with brands such as Burgtec, Sram & Pembree replying to say that although they are very interested in this topic and see it having a future, they are unable to support in any capacity. Despite this not generating any support or input the activity was positive as it shows that the brands in this industry understand and have a positive outlook on the development of additive manufacturing and its future implementation. 
[bookmark: _Toc198508769]5.4 Primary Research with Consumers
A survey was created using the ‘Survey Monkey’ platform and shared in local mountain biking groups to collect quantitative data on whether 3D printing could have a place in the industry, whether people would trust components (and to what extent). The results of the survey also highlight people’s concerns for 3D printed parts and what they would like to see the industry do to prove the technology is ready.
The results of Q1 shown in figure 19, show that almost 50% of people still focus most of their mountain biking time on cross country and more relaxing trails, however, a combined 47% spend their time of downhill focused type riding, this type of riding has the most demand for strong parts due to the number of harsh impacts during each ride. It was interesting to see that only 5% of people use trail centres the most, despite the industry growing over the past few years and there being so many bike trail centres and open trail networks – as discussed in section 1. 
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[bookmark: _Toc198508808]Figure 19. Q1 Survey Results.
Figure 20 shows the results from Q2, showing the majority (68% combined) only maintain their bikes when it is really needed or to the basic service schedule, this question also showed that there is a small proportion of riders who enjoy upgrading and trying new parts – these would likely be the group that would show the most interest in trying 3D printed parts for fun rather than necessity. 
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[bookmark: _Toc198508809]Figure 20. Q2 Survey Results.

To try and gauge an understanding of how many people understand what 3D printing is questions 3 was shared (shown in figure 21), this gave surprising results that almost 16% of people had printed some of their own parts and that 21% have designed their own parts for printing.
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[bookmark: _Toc198508810]Figure 21. Q3 Survey Results.

Figure 22 shows the results for Q4, which was asked to try and highlight what parts should be targeted for printing, again these results were surprising as whilst Q3 showed that 26% of people know very little about this manufacturing process, yet 31% would be willing to try any component that is 3D printed, this suggests that if the industry adopted this manufacturing process many people would get on board with trying the parts out. 
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[bookmark: _Toc198508811]Figure 22. Q4 Survey Results.

As with any new process or technology the initial costs can be expensive, for local bike shops and/or bike parks to adopt this technology and reduce lead times there would likely need to be a cost increase to still make the parts profitable, to find out how acceptable this would be the question in figure 23 was asked.
This highlighted that a cost increase would be OK for 68% of people when they need the part quickly – for example if a bike shop can print a part overnight for a customer. 21% even said they would rather pay more and always have a shorter lead time, even on non-critical parts.
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[bookmark: _Toc198508812]Figure 23. Q5 Survey Results.

The final question of the short survey covered the implementation of 3D printed parts – what riders would want to see to improve the likelihood of them purchasing printed parts, surprising, no one wanted to wait to see everyone else start using them first. Instead, the majority (almost 37%) stating that if the lead time is quick and the price isn’t too high, they would be willing to try parts. People weren’t even too concerned with the big bike brands leading the way (only 10%), with 26% saying the most influential thing would be to see professional riders using the parts, this suggests that there may be a gap in the market for a smaller company to step in and take the lead in 3D printing for this industry. 
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[bookmark: _Toc198508813]Figure 24. Q6 Survey Results.

Overall, despite being short and with limited responses, the survey provided an insight into how consumers receive 3D printed parts, with the consensus being that if the lead times are reduced and costs aren’t too high, they would be willing to try parts from mudguards through to frames. With the biggest influence to increase interest being that brands need to get their professional riders using these parts. 





[bookmark: _Toc198508770]6. Why Aluminium is Used for Frames & Components 
With so many mountain bike components being made from Aluminium alloys it is important to understand why this material is used before material changes are considered. Strength, toughness, weight and stiffness are some of the most important considerations when selecting the material for making a mountain bike frame, one of the most used Aluminium alloys is 6061 T6 (Koch, S. 2021). Koch continues to explain how the 6061 alloy provides good strength, stiffness and toughness whilst also being relatively easy to extrude into tube, machine and weld (reducing manufacturing costs), this alloy is also heat treatable, something that is vital to allow for post welding heat treatment to reduce the loss of strength in the heat affected zone (Koch, S. 2021). Aalco, one of the top metal suppliers in the UK explains that the T6 denotes that this alloy is solution heat treated and artificially aged, Kloeckner Materials (2021) expands on this to explain how the tempering process is used to relieve stresses and brittleness that can come about from heat treatment. The process of solution heat treating, quenching and then aging for a set number of hours is what increased the yield strength of this alloy by almost a factor of 4 and drastically improves its machineability. 
For non-welded mountain bike components that are not made from extruded tube, the Aluminium alloy 7075 is often used by many manufacturers, such as Burgtec who use this alloy for their pedals, chainrings and fork axels (Burgtec, 2025). 
Currie, J (2023) explains the metallurgical differences in these alloys, the key differences being 6061’s higher Silicone content and 7075’s much higher Zinc content and more Magnesium (figure 25).
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[bookmark: _Toc198508814]Figure 25. Chemical Composition of 6061 vs 7075 (Currie, J. 2023).
Belmont Metals (2018) expand on the composition shown in figure 25, by explaining that the higher Silicone content in 6061 is what increases the fluidity of the molten metal whilst decreasing the amount of thermal contraction – thus improving the weldability and reducing the likelihood of solidification cracking. TWI Global (n.d.) mention how the weldability of all Aluminium is made difficult due to factors such as the oxide layer (the property that provides its excellent corrosion resistance), Aluminium’s Hydrogen solubility (which can lead to Hydrogen porosity during weld solidification cracking due to its high coefficient of thermal expansion and high thermal conductivity (which results in a larger heat affected zone (HAZ). 
The decision to use 7075 alloy Aluminium in non-welding situations is to take advantage of the higher strength - as high as many Steels – and increased fatigue resistance. Despite not being quite as good for machining the high Zinc content makes 7075 more susceptible to solid state precipitation hardening (ESAB, 2022). This is where the age hardening process allows for fine, evenly distributed precipitates to form and create impedance to dislocation movement, improving strength and fracture toughness (TM Total Materia, 2010).
Many of the other bike components that are made from Aluminium are made by processes such as forging, this requires pressing the hot material between two dies to create the required component, often flashing is left and so the parts will still need some machining and finishing processes (Groover, M. P358. 2013). Groover continues to explain how forging also creates additional strength in the components. CFS Forge (n.d.) explain figure 26; that forging forces the metals grains into the shape of the die, creating refined grains that are stronger under tensile and shear loads.
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[bookmark: _Toc198508815]Figure 26. Grain Flow Comparison (CFS Forge, n.d.).
The costs involved with forging are largely related to the manufacture of the die tooling, hence when manufacturing large quantities of relatively small parts (such as brake levers) the cost per unit can end up being very cheap (Bolton, W. P108. 2000). 
One of Aluminium’s long-term weaknesses is its lack of resistance to fatigue, typically only about 50% of Steels resistance (Heincke, S. 2024). Unlike Steels, Aluminium alloys do not have a fatigue limit, meaning that they will eventually fail due to cyclic loads, even when the load is well below their yield figures. This is mainly due to its crystalline structure, face centred cubic (figure 27) that allows for many slip systems (figure 28) - the same slip systems that allow Aluminium to be easily forged and shaped - these slip systems allow for crack propagation that can eventually spread to cause failure (McWilliams, K. 2020).
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[bookmark: _Toc198508816]Figure 27. Common Crystallographic Structures (McWilliams, K. 2020).
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[bookmark: _Toc198508817]Figure 28. Slip Planes for Common Structures (McWilliams, K. 2020).
[bookmark: _Toc198508771]7. Why Carbon Fibre is Used & How it is Manufactured
As discussed in section 1 Carbon Fibre components are created through the layup of Carbon Fibre prepreg sheets into moulds, before being cured in an autoclave. This allows for the potential of creating designs that may otherwise not be possible to make using conventional metal working methods. Components made from Carbon Fibre composites have become more and more common in the mountain bike industry, with UCI (Union Cyclist International) (2023) reporting that the sports industry is now the 3rd largest consumer of Carbon Fibre. The transition to Carbon Fibre can help to bypass some of the difficulties that Aluminium possess, such as difficulty and weakening from welding, not having a fatigue limit and a lower strength to weight ratio amongst other things (as discussed in section 6).
Carbon Fibre was first developed as a light bulb filament in the 1860’s, being made from carburised cotton or bamboo. After Tungsten was taken forward as the lightbulb filament of choice Carbon Fibre was not deemed to be overly useful for anything else and so was put on the back seat until the 1960’s when new manufacturing methods began showing that a higher concentration of Carbon in the fibres would greatly improve the fibres strength (DragonPlate, 2019).
The Carbon – Carbon bond that holds these chains together is strong for multiple reasons, as explained by Chemistry Steps (n.d.), the shorter the bond length the stronger the bond will be, looking at a periodic table shows that Carbon has the atom number of 6 (National Library of Medicine, n.d.), this makes it the 6th smallest atom – hence the bonds are short. As Carbon has an outer valence of 4 it wants to find 4 other electrons, therefore it makes 3 strong covalent bonds, one of which is a double bond, this results in a hexagonal lattice structure as seen in figure 29. 
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[bookmark: _Toc198508818]Figure 29. Hexagonal Lattice Structure (Marsh, H & Rodriguez, R. 2006).
This is similar to the structure of Graphite, however, unlike Graphite the lattice layers are not held together by Van Der Waals forces, instead they are turbostratic (figure 30) meaning the bonds are crossed through the layers, this reduces slip and makes the Carbon Fibre stronger (Marsh, H & Rodriguez, R. 2006).
[image: Molecular structures of turbostratic carbon (left) and graphitic carbon (right).[27] Reproduced from ref. [27] Copyright (2012), with permission from Soil Science Society of America.]
[bookmark: _Toc198508819]Figure 30. Carbon – Carbon Lattice Structures (Research Gate. 2012).
Groover, M (P270. 2013) explains how modern-day Carbon Fibres are produced via the use of a series of heating treatments that convert a precursor into a much purer carbon form, there are several precursors available to use, such as, polyacrylonitrile (PAN), rayon (cellulose) or pitch (a carbon resin that is a result of the distillation of petroleum or wood/coal tar). 
Piran Advance Composites (2023) expand on this to say that PAN is the most used precursor, this precursor is then spun into a fibre before being stabilised (heating to approx. 200ᵒC in an Oxygen free environment to remove non-Carbon atoms and leave behind a purer Carbon chain). The carburisation stage is similar, but with heating to around 1000ᵒC meaning that more non-Carbon atoms are removed and making the remaining fibre predominantly Carbon. The fibres are then finished, being trimmed to length and coated to help them bond well with the polymer matrix that they are destined to be added to. This process is shown in figure 31. 
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[bookmark: _Toc198508820]Figure 31. Manufacturing Process of Carbon Fibre (E-Mobility Engineering, n.d.).
The next stage of manufacturing involves the weaving of the Carbon Fibre sheets; the fibres can be woven into various patterns depending on what the requirements are for the finished products (as shown in figure 32). With the fibres having such high tensile strength a unidirectional weave is typically the strongest as it does not have any crimping effects where the fibres cross, however, these will only give strength in one direction and adding too many layers in different directions (for more isotropic strength) will likely make the part too thick. Other crossing weaves have a slight reduced tensile strength, but the strength is more isotropic. Different patterns have different benefits and appearances, with some being better for tight contours and some just being the right look for certain applications (Penta Patterns, n.d.).
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[bookmark: _Toc198508821]Figure 32. Different Carbon Fibre Weaves (Penta Patterns, n.d.).
From this stage components can be made by three different processes, wet lay-up, pre-impregnated sheets or resin transfer moulding (FormLabs, n.d.). Wet lay-up involves using the woven sheets of Carbon Fibre to fill out a mould, then a resin is applied to set the composite. Prepreg sheets are already infused in a resin, and so they can be laid into the mould before going to an autoclave (pressurised oven) to activate the resin and bake the composite until set. The final method, RTM, uses the dry fibre weave, which is fitted into two-part moulds, these are then sealed together so that resin can be added at pressure to push out any airgaps and fix the components shape. (FormLabs, n.d.).
The matrix that the fibres are set into does not always need to be a thermoset resin, thermoplastics such as polyethylene, polypropylene and polyamide (nylon) offer advantages such as being able to be re-moulded and recycled (Anisoprint, n.d.). 
With a strength of up to 18 times that of steel (depending on weave patterns, number of layers and matrix used), corrosion resistant and a great heat resistance, Carbon Fibre is not surprisingly considered as one of the best materials commercially available for many areas where strength to weight performance is vital (Carbon Fibre Gear, n.d.). 
As discussed in section 6, one of Aluminium’s biggest weaknesses is fatigue, in comparison this is one of Carbon Fibres strengths. However, it should be noted that the base matrix that is used has a considerable effect on the fatigue resistance of the component, with harder, more brittle matrixes having a greater fatigue response compared to more ductile matrixes (Guo, R, et al. 2022). 







[bookmark: _Toc198508772]8. 3D Printers
As discussed in section 8, although Carbon Fibre is a great alternative to Aluminium alloys, the manufacturing methods are typically more complicated with the need to create moulds to produce parts. With the technology around 3D printers developing rapidly over the past 20 years, with the first commercially available printer hitting the market in 2006 (Ultimaker, n.d.). 
Quality, material choice and printer cost are consistently decreasing – making additive manufacturing more and more viable (LaunchX, n.d.). The number of different types of printers that are available has also grown, SLA (stereolithography), was the first patented printing type, using a laser to cure resin one layer at a time, despite SLA being the first, FDM (fused deposition modelling) printing is more widely known (Sybridge Technologies, 2021). 
FDM was first developed by 3D printing company Stratasys’ Scott Crump in 1989. This printing style is much cleaner and simpler, with a printer head laying down single layers of extruded plastic filament, once solidified another layer can be added (AMFG, 2019). 
As their patents ran out other companies pushed the technology forward and increased competition has driven printer sizes down and increased print quality. FDM based printer styles have also appeared, such as Markforged’s CFF based printers (figure 33). Starting at around £6000 these continuous filament fabrication printers use two print heads, one to add the base material and the second to add a continuous strand of filament, allowing for the creation of composite components (AMFG, 2019).
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[bookmark: _Toc198508822]Figure 33. Markforged Mark Two Desktop Printer (Center 3D Print, n.d.).
For this project the printers available are FDM style (such as Bambu Labs cheaper FDM printers that start at sub £1000), FDM composite (Markforged) and resin/SLA (Form Labs). Each of these printers have their own benefits and limitations, the Markforged is excellent for printing composite components and items with more detail, especially with their range of features that give opportunity to do things such as embed parts in the print (figure 34). This essentially allows for a layer pause to take place, so that items such as threaded nuts can be added to pre-designed pockets. Once the printer is continued the nuts get printed into the component, resulting in a final part that has a strong, reliable thread (Markforged, n.d.).
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[bookmark: _Toc198508823]Figure 34. Embedded Threaded Nuts (Markforged, n.d.).
The best printer for a component depends almost entirely on what the component property requirements are, for example the Form Labs Form 3 SLA printer uses a resin medium, this means it prints with an almost 100% solid infill, the printers have much better printing resolution resulting in a better surface finish and are not anisotropic like FDM prints are due to the layers having much better bonding (McClements, D. 2022).
There have been further developments in the 3D printing industry with printers that use technology such as SLS (selective laser sintering), this process involves the use of a laser that sinters layers of a polymer powder to create the final model. This printing process is a little more work than some of the others, with the parts needing to be brushed down of excess powder (figure 35) and in most cases require some post processing to improve the surface finish, contrary to other processes the un-sintered powder acts as the support material during printing and so there is often less waste using SLS as the un-sintered powder can be reused (FormLabs, n.d.).
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[bookmark: _Toc198508824]Figure 35. SLS Printed Components (Gagat Studio, n.d.).
In more recent developments the metal 3D printing industry has grown to now offer a range of commercial printers, using processes such as DMLS (direct metal laser sintering), SLM (selective laser melting), EMB (electron beam melting) the ability to print metal parts means that designs can stray from the limitations of other manufacturing methods and design in complex geometries and lighter internal structures (3DEO, n.d.).
Metal fused filament fabrication (known as FFF) is a modified version of FDM that has become available on printers such as the Markforged FX10 this method of printing is able to print via regular FDM, dual head continuous strand composites or metal – to print metal the FFF method is used. As discussed on the Markforged learning blog (n.d.) this method is composed of three stages: print, de-bind and sinter. The part gets scaled up by the software to account for future shrinkage and is then printed out of the Markfoged print material (a plastic that has metal powder bound into it), once printed the part is cleaned in a solvent to remove the plastic. Once clean the remaining metal structure is sintered to burn off any remaining plastic and then bind and shrink the part into a structure that is 95% solid. These parts can then be machined and finished as if they had been created using any other conventional method (figure 36).
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[bookmark: _Toc198508825]Figure 36. 3D Printed CNC Machine Tooling (Guhring Visit October 2024).
The two parts shown in figure 36 were seen on a site visit to the Guhring Machine Tool factory, their 3D print and tooling manufacturing teams explained how they use 3D printing to create parts that have complex geometry as well as unique features such as internal coolant routing. Not only does 3D printing open doors in terms of design, but they are also now able to reduce their lead time and create almost all their tooling in-house. 










[bookmark: _Toc198508773]9. 3D Printing Materials 
With 3D printers being utilised in a range of industries (aerospace, healthcare & manufacturing to name a few) the competition between manufacturers to not only develop the best printers, but also the widest range of materials has been a huge advantage for everyone. As well as the introduction of metal printing, where Stainless Steels, Titanium and Copper can be printing there has also been a big step forward in plastic printing (Konica Minolta, 2023).
On the cheaper and post popular end of 3D printing materials is PLA (Polylactic Acid), being biodegradable and printable at low temperatures this material is ideal for desktop printing of cheap, rapid prototypes or for hobbyist jobs on FDM printers. However, limitations arise due to its lack of UV resistance and the brittleness of finished parts (Simplify 3D, n.d.).
Other more commonly used materials such as ABS are also 3D printable, however, there is more skill and knowledge needed to be able to print parts that demonstrate the advantages of this material, such as getting print temperatures correct for both the bed and printer nozzle,  making sure that the printer set up is accurate (bed levelled etc) and using a printer enclosure (Matter Hackers, 2024).
To help improve the post printing process of removing support material many new printers can print 2 materials on the same part, for example printing a PLA part with PVA supports. PVA is a favourite for support material due to its excellent adhesion and easy solubility which means cleaning off the supports it much easier than if a component were to be printed out of just one material (Madeleine, P. 2023).
Schwaar, C (2024) discusses the huge variety of other print materials that are available, such as PETG for food safe parts, TPU for parts needing flexibility and Nylons for parts that need to be tougher and more durable. Whilst some companies such as Form Labs have focused on making many various resins for their prints, such as their flame-retardant resins, rigid ranges, durable materials and even industry specific materials such as their denture-based resin (FormLabs, 2025). Other brands such as Markforged have focused on a smaller range of materials (mainly centred around their Onyx, Nylon-chopped Carbon Fibre plastic) and their continuous fibre composite range (Carbon Fibres, fibreglass’ and Kevlar) (Markforged, 2025).
Metal 3D printing, as discussed in section 2, has already started being used in the mountain bike industry by brands such as Atherton Bikes who print their frame connector lugs from Titanium on a custom built SLS printer (figure 37). 
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[bookmark: _Toc198508826]Figure 37. Titanium Printed Bike Frame Lugs (Morgan, J. 2022).
Morgan, J (2022) continues to explain the printing process as well as the process required to remove all the Titanium support material and finish the parts before the assembly stage. It’s not only Titanium that is being printed though, in other industries such as the automotive industry brands such as Porsche have been printing Aluminium engine components and Aerospace company Boeing have been printing a wide range of Aluminium parts for their airplanes, helicopters and satellites (Madeleine, P. 2023).
As discussed in section 9, figure 36, companies such as Guhring Machine Tools use 3D printing methods to create some of their more complex tooling (out of tool Steels), with coolant channels and other features that would be near impossible using conventional manufacturing methods. Other companies are taking advantage of 3D printing so that they can use materials that are otherwise difficult to machine, Beamler Additive Manufacturing (2022) discuss the use of power-based 3D printers for creating Inconel parts. Inconel is a superalloy containing 72%+ Nickel, up to 17% Chromium and less than 10% Iron, this composition gives it excellent performance up to 600ᵒC, a melting temperature of around 1450ᵒC and corrosion resistance properties that can resist oxidation and carburisation up to as high as 1150ᵒC (Langley Alloys, 2022). The article and video on Beamlers website continue to explain how this allows manufactures to avoid the issues of work hardening that Inconel is known for during machining and instead create printed parts that just need some finishing machining, meanwhile reducing the amount of waste material and derestricting the limitations that machining can impose on the design of components. 
[bookmark: _Toc198508774]10. Design for 3D Printing 
[bookmark: _Toc198508775]10.1 Design Considerations & Printer Set Up
Protolabs, a rapid prototype and on-demand part manufacturing company specialise in working with companies to manufacture parts within days, their article on the design elements involved with additive manufacturing explain some of the key differences between designing for more conventional manufacturing methods (injection moulding, machining etc) compared to additive manufacturing methods (ProtoLabs Network, n.d.). The article lists some of the most important factors as being overhangs – where the next layer to be printed requires a solid base, this often means that tapers and over hangs will need to be printed with the larger side touching the print bed or the use of printed supports to hold the overhang will be needed. Wall thickness is also another critical consideration; parts of the component that are particularly thin may have very thin printed walls that can result in weaknesses. Warping is also a common issue, for FDM printing this is where a larger flat surface struggles to maintain its flatness due to the repeated application of hot filament and quick cooling rates. In resin-based prints this can often occur from lack of support material and during the curing process (due to more UV light hitting one side compared to the other). 
Markforged have a ‘3D Printing Design Tips’ brochure (Markfoged Design Tips, n.d.) that discusses some further things to consider, such as adding fillets to smooth out edge transitions, adding chamfers to the edges of the surface that will be on the printing bed (to help removal from the bed without damage and reduce the risk of the first layer splaying). Unlike the Protolabs article, Markforged encourage the use of large surfaces on the bed to help with print stability – this suggests that each printer needs to be tried and tested individually to see what works best for that specific part and printer. Experience of using a particular set up is always important whether manufacturing using more traditional methods such as machining or newer methods such as 3D printing. 
The Markfoged brochure highlights that the most important factor to consider is print layer direction and the forces involved with the use of the part. AMFG (2018) expand on this to state that with the layer structure of FDM printing the strength is in the X and Y directions, but weaker interlayer adhesion makes the parts highly anisotropic and hence much weaker in the Z axis. To combat this, parts need to be designed and orientated to print accordingly, sometimes even being split into multiple parts for printing and then re-assembled to achieve the best overall strength. 
AMFG (2018) also discuss the infill rates and how important it is to not only get the infill percentage correct to achieve the required strength to weight ratio, but to also get the patterns correct – triangular vs honeycomb patterns etc. When designing and 3D printing with composites the filament directions should also be considered to ensure the maximum strength can be achieved (as discussed in section 7 - Carbon Fibres strength is in the tensile direction and so thought out patterns should be used.
[bookmark: _Toc198508776]10.2 Design Software and Stress Analysis
Many design suits, such as SolidWorks, have features such as ‘Simulations’, this allows the user to apply forces to a model and as long as the materials and restrictions are set up correctly they can measure the deflection of the part, identify stress raisers and use this to make adjustments to the design, orientate parts accordingly when printing and add composite filament in the most strength, cost and time effective way possible (Dassault Systems, 2021).
Figure 38 shows the displacement of a brake lever made from Nylon (not specifically 3D printed, and no specific properties entered), the model has been rotationally pinned in the fixing holes and 15N force applied where the arrows show. The colour of the model highlights the areas that flex the most compared to their original position, this feature is useful for highlighting any areas of weakness that may may flex and move more than desired – for this model the displacement is good as the colour changes evenly towards the free end.
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[bookmark: _Toc198508827]Figure 38. SolidWorks Simulation of Displacement (Brake Lever).
Another simulation that can be run measures the stress points of the model, as shown in figures 39 & 40, again the model has been rotationally pinned at the fixing points and a 15N force applied. The green and red areas show the points at highest stress, overall, this model is well designed with limited stress raisers. If considering this exact model for end customer 3D printing some design work may be suggested to alter the design to try and remove the points at highest stress and/or adjust the design to allow for thicker wall thicknesses and additional composite support etc. 
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[bookmark: _Toc198508828]Figure 39. SolidWorks Simulation of Stress Brake (Lever Front).
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[bookmark: _Toc198508829]Figure 40. SolidWorks Simulation of Stress (Brake Lever Rear).
[bookmark: _Toc198508777]11. Printing Sample Components
[bookmark: _Toc198508778]11.1 Brake Levers 
A component model of the commonly used SRAM Code R brake levers were found on GrabCAD (figures 41, 42 & 43). 
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[bookmark: _Toc198508830]Figure 41. SRAM Code R Brake Lever Assembly (GrabCAD, 2025).
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[bookmark: _Toc198508831]Figure 42. SRAM Code R Brake Lever (GrabCAD, 2025).
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[bookmark: _Toc198508832]Figure 43. SRAM Code R Brake Lever - CAD Model Multiple Views.
The brake lever model was then printed in 4 different ways; FormLabs SLA printer in their standard resin, Ultimaker FDM printer out of PLA, Markforged Mark 2 FDM printer out of Onyx and another in Onyx with addition Carbon Fibre reinforcement (figure 44, left to right). For all of the FDM prints the layer heights, wall thicknesses and other variables were kept the same.

[bookmark: _Toc198508833]Figure 44. 3D Printed Brake Levers (Left to Right: SLA Resin, FDM PLA, FDM Onyx, FDM Onyx with Continuous Carbon Fibre Reinforcement).
The Carbon Fibre reinforcement was added at the top and bottom of the model (for reasons discussed in section 7) and to the middle of the model (as seen in figure 45 & 46), due to the cost of the Carbon Fibre it is uneconomical to add an excessive amount.
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[bookmark: _Toc198508834]Figure 45. Carbon Fibre Reinforcement Layers Added to Brake Lever.

[bookmark: _Toc198508835]Figure 46. Carbon Fibre Reinforcement Layers Added to Brake Lever at Different Sections (Left to Right: Top, Bottom, Middle Layers).
The surface finish of the resin print was far superior on one side, but the amount of post-printing cleaning required to remove the bumps left from the support material made this less successful, the extra work involved in cleaning with IPA and then curing makes this printing method much more work compared to FDM. 
The FDM printed PLA model felt stiff, but was too brittle when handled too harshly, whilst the regular Onyx model was much tougher but was also not stiff enough to consider for use. The Onyx with Carbon Fibre reinforcement had the best overall impression, feeling much stiffer and having a better surface finish than the PLA and less post-printing finishing compared to the resin. 
Two of the most important factors is part cost and lead time (as found out in section 5.4), the Markfoged printer software supplies this, with the Onyx Carbon Fibre reinforced part taking just over 2hrs to print and costing approximately £3.50. All the other FDM models were lower cost and less print time.  
[bookmark: _Toc198508779]11.2 Rear Derailleur Components 
After printing and assessing the quality of the 3D printed brake levers it was a logical step to trial a different component. Following the same methods a SRAM XO rear derailleur model was found (figure 47) and printed using a couple of different printers depending on the part. 
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[bookmark: _Toc198508836]Figure 47. SRAM XO Rear Derailleur Assembly (GrabCAD, 2025).
The arms (figure 48) were printed out of Onyx on the Markforged Mark 2, with Carbon Fibre reinforcement. Meanwhile, the pulley wheels (figure 49) were printed from FormLabs durable resin, this is an alternative SLA material that the company offer. 
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[bookmark: _Toc198508837]Figure 48. SRAM XO Derailleur Arms

[image: ]
[bookmark: _Toc198508838]Figure 49. SRAM XO Derailleur Pulley Wheel
Although the pulley wheels printed well, during the curing process the parts deformed (a common issue with some geometries). The durable resin is listed as being tough and hardwearing, however, this would need to be tested further. 
The Carbon Fibre reinforcement that was added to the arms was limited due to the design of the part having areas that were too thin to add the fibre and still have enough Onyx material around it, therefore the fibre was added as shown in figures 50, 51 and 52.
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[bookmark: _Toc198508839]Figure 50. SRAM XO Derailleur Arm B Carbon Fibre Reinforcement Pattern.
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[bookmark: _Toc198508840]Figure 51. SRAM XO Derailleur Arm A Carbon Fibre Reinforcement Layer 14.
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[bookmark: _Toc198508841]Figure 52. SRAM XO Derailleur Arm A Carbon Fibre Reinforcement Layer 15.

As can be seen in figure 51 compared to 52 the Carbon fibre is laid in different directions on different layers, this means the strength can be improved in multiple different directions (as discussed in section 7).
To print the derailleur arms on the Markforged printer took around 2.5hrs for each arm with a total cost of approximately £11.50.
The restricted space for adding more layers of Carbon Fibre held these models back in terms of useability. By feel they were not stiff nor strong enough to withstand the forces put through a drivetrain system. Re-designing for 3D printing is needed with considerations to the points made in section 10.1 and the use of software simulations as discussed in section 10.2. 






[bookmark: _Toc198508780]11.3 Handlebar Grip 
To test some other materials a handlebar grip was sourced (figure 53) and printed out of a TPU rubber filament on a FDM printer, this TPU produced a very tough part with some flexibility. 
However, the printed part (figure 54) is still too stiff compared to what is currently available for sale due to having too many print layers. The limitations are that to reduce the number of print layers also means to make the part effectively weaker. More work will be needed for parts with more material complexity such as handlebar grips but based on the first trial print there seems to be potential to print more flexible mountain bike parts.
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[bookmark: _Toc198508842]Figure 53. ODI Mountain Bike Handlebar Grip Model (GrabCAD, 2025).
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[bookmark: _Toc198508843]Figure 54. ODI Mountain Bike Handlebar Grip FDM Printed from TPU.

[bookmark: _Toc198508781]12. Laboratory Testing
When making any suggestions on materials it needs to be understood how this will affect the mechanical and electrical properties (Kobylecky, A. 2025). In this project it needs to be understood how the different printers and materials work to produce parts of different mechanical properties, this will help to highlight which materials and processes are best suited. 
The University of Warwick (2025) outline some of the main mechanical tests as being tensile testing, fatigue testing and flexural testing. As this project is still in the early stages it was decided to focus on tensile and flexural testing as the fatigue testing would be more suitable when sample parts can be tested (as the components design will greatly determine these results). 
Support was given from Material development experts at Radical Materials who shared knowledge and allowed access to their test equipment (Tinius Olsen H10KS). As prototype parts could not be tested this early into a project of this size (as designs, printers and custom-made test jigs and equipment would be needed) dog bone test samples were printed such as what is shown in figure 55. The samples printed were based on the ISO-527 test specimen standards, these standards cover the testing of plastics for tensile strength, including fibre reinforced plastics (Lawrence, E. n.d.). The same dog bone specimen specifications were used for all the testing due to cost and lack of printer availability to print different specimens for different tests/materials.
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[bookmark: _Toc198508844]Figure 55. Dog Bone/Dumbbell Test Specimen Suitable for ISO-527 Testing.

3 different materials were printed using: 8 PLA samples printed on the Bambu Labs FDM printer, 8 samples of Onyx 6 samples Onyx with Carbon Fibre reinforcement (both the Onyx material samples were printed on the Markforged Mark 2 FDM printers). Less pieces of the Onyx with continuous strand Carbon Fibre support were printed due to the cost, the reinforcement was also printed in the automatic system pattern in the bottom 3rd and top 3rd layer sections. This helps to gain the most benefit in terms of flex – as one side will be in tension no matter which way it is flexed. 
[bookmark: _Toc198508782]12.1 PLA Samples
As can be seen in figure 56 the results show an average flexural modulus of 2940MPa (full results can be seen in appendix 1). Compared to the datasheet supplied by Bambu Labs (Bambu Labs, 2025), showing a published figure of 2750 +/- 160MPa – suggesting that this flexural test and print specimen was very accurate.
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[bookmark: _Toc198508845]Figure 56. Results of Flexural Test of PLA Samples.
For the tensile test the results are shown in figure 57; average UTS of 36.4MPa and elongation at break of 3.55% (full results can be seen in appendix 2). Compared to the Bambu Labs datasheet where the supplied information suggests a tensile strength of 35+/- 4 MPa and elongation at break of 12.2 +/- 1.8% (Bambu Labs, 2025). This suggests that although the tensile strength of the printed part was very accurate, the part was also much stiffer than expected, this suggests that a component made from this material may not stretch and deform as much as first thought before breaking.
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[bookmark: _Toc198508846]Figure 57. Results of Tensile Test of PLA Samples.
[bookmark: _Toc198508783]12.2 Onyx Samples
The next test samples that were tested were the regular Onyx material without any addition filament, the flexural test results for this can be seen in figure 58, these were much less stiff compared to the PLA samples resulting in an average modulus of only 804MPa (full results can be found in appendix 3). Compared to the Markforged datasheet value of 3000MPa – however it should be noted that Markforged use a different test standard for their flexural tests and so their figures cannot be compared to very closely. (Markforged Material Datasheet, 2025).
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[bookmark: _Toc198508847]Figure 58. Results of Flexural Test of Onyx Samples.

Regarding the tensile test results shown in figure 59 (full results in appendix 4), these show an average UTS of 34MPa and an average elongation at break of 25.1%, compared to the datasheet these are similar, with the quoted UTS being 37MPa and the elongation at break being 25%. This provides confidence that printing with the Onyx material can produce parts with predictable properties.
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[bookmark: _Toc198508848]Figure 59. Results of Tensile Test of Onyx Samples.
[bookmark: _Toc198508784]12.3 Onyx with Carbon Fibre Reinforcement Samples
For the test samples printed using the Onyx material with continuous strand Carbon Fibre reinforcement less samples were printed due to limited materials and financial budget. The tests were spread out further as it was decided to test the flexural modulus, tensile strength and then also test the tensile strength on samples that had already yielded on the flexural test. The reasoning behind this was to evaluate what the strength of the part could be like in a less-than-ideal situation, such as after a crash, or after a fatigue weakness had developed. 
Starting with the flexural test (as seen in figure 60), this provided a much stiffer result with an average modulus of 9240MPa compared to the datasheets value of 51000MPa (full results in appendix 5). As mentioned, this is incomparable due to the different flexural test specifications used, however, it does show a significant improvement compared to the normal Onyx material. For reference, AZO Materials (2012) list the flexural modulus of Aluminium 6061 to be 68.9GPa or 68900MPa. This really highlights the potential that composite printing has in terms of manufacturing parts with strength that is in the same region as Aluminium.
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[bookmark: _Toc198508849]Figure 60. Results of Flexural Test of Onyx Samples with Carbon Fibre Reinforcement.
Results of the tensile test (figure 61 and full results in appendix 6), show an average UTS of 126MPa and an average elongation at break of 4.24%, compared to the datasheets value of 800MPa and 1.5%, the drastic difference in these figures is due to the different reinforcement patterns being used – with Markforged laying all of their Carbon Fibre in a unidirectional way.
Compared to the 6061 Aluminium alloy which has UTS of 310MPa and an elongation of up to 17% this composite could be a valid option for replacing Aluminium. Comparing to the non-reinforced samples this shows an increase of almost 100MPa in terms of tensile strength and reduced elongation, with further investigations and different Carbon Fibre infill patterns being used this would likely increase further. 
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[bookmark: _Toc198508850]Figure 61. Results of Tensile Test of Onyx Samples with Carbon Fibre Reinforcement.

The final tensile test used samples that had already yielded on the flexural test, the results are shown in figure 62 (full results in appendix 7). An average UTS of 92.2MPa and an average elongation of 3.38% was achieved, although as predicted this was lower than the ‘new’ samples this test still holds a lot of value in proving that even when bent beyond the elastic limits, and the composite matrix compromised, 3D printed composite parts still have great strength - almost 1/3 that of a ‘new’ aluminium part and still 3 times stronger than a non-reinforced plastic part.
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[bookmark: _Toc198508851]Figure 62. Results of Tensile Test of Onyx Samples with Carbon Fibre Reinforcement (After Yielding in a Flexural Test).










[bookmark: _Toc198508785]13. Next Steps for Further Trials 
Whilst this project has tried to cover as many research areas as possible there are still many more variables to consider, and much more material testing required before this can be truly viable in an industry that has the potential to seriously injure someone. Some of the suggested next steps are listed below:
· Printing on a wider range of 3D printers to compare quality and costs.
· Print with a wider range of materials (the range of materials is growing all the time, other additives and composite materials could provide better results).
· Parts that have been designed specifically for 3D printing need to be trialled. This will involve taking more consideration of the points discussed in sections 10.1 and 10.2.
· More materials testing, such as fatigue testing, impact testing, testing after being exposed to moisture, UV light etc.
· Specific component testing on custom made test equipment. For example, a test jig that can pull a break lever 1000 times or equipment to cycle a drivetrain system 1000 miles. These tests will help to produce accurate, comparable data to evaluate the differences between materials and manufacturing methods not just when the parts are new, but also after some use. 
· More rider data collection to gain a more accurate insight into what could hold them off buying 3D printed parts.
· Further industry outreach to gain an insight into what the cycling industry need to see from Materials Engineers before this becomes viable for them to adopt. 
· Discussions and partnerships with bike part manufacturers, bike parks and local bike shops to find out about their concerns and their opinion on adopting the suggested use of 3D printers in their facilities.
· Research into new 3D printer advancements, such as a possibility of adding composites in the Z axis to produce parts that are more isotropic.



[bookmark: _Toc198508786]14. Conclusion
The findings of the research into the current manufacturing and distribution methods compared to what is being proposed suggest that composite 3D printing could be an excellent advancement for the industry. With printer set-ups starting from as little as £1000 and parts costing as little as £2 there is easy potential to implement additive manufacturing for cheap, non-critical adapters and brackets. 
Primary research with some of the local mountain bike community provided insight into what they want to see for them to start buying 3D printed parts – with many people wanting parts with a shorter lead time (even if that means spending a little more money). With local bike parks such as Bike Park Wales running schemes that focus on keeping riders going should their bike break during their riding holiday, this suggests they would be open to the idea of printing their own spares. 
With mountain bike companies such as Atherton bikes utilising 3D printing for their metal components it seems a natural progression to start printing composites. Other industries have already started doing this with companies such as ISS Aerospace making statements of reducing lead times by 90% and being able to print spare parts for their drones wherever they are needed. These benefits are not including the global aim of reducing CO2 emissions – something that the global shipment of parts contributes to. 
The initial trial parts that were printed were not expected to be suitable for use, but they have shown the capability of composite printing, producing parts such as brake levers in little over 2 hours and for less than £3.50. Limitations of designs (due to being designed for machining instead of printing) mean that some parts are hard to achieve the required strength, but with some design adjustments there is potential for many more parts to be viable.
The small amount of material testing completed has shown that there is a huge improvement in strength and stiffness by adding continuous Carbon Fibre in the X and Y planes, however the parts are still weaker in the Z-axis which may pose a failure risk. Further materials testing is required to understand the long-term failure risks of 3D printed composites.
Whilst there is still more work to be done before this can be adopted, the research and findings of this report highlight that there is a big opportunity for the use of additive manufacturing in the mountain bike industry.
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Appendix 3. Refers to the graph shown in Figure 39. ‘Results of Flexural Test of Onyx Samples’.
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Appendix 4. Refers to the graph shown in Figure 40. ‘Results of Tensile Test of Onyx Samples’.
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Appendix 5. Refers to the graph shown in Figure 41. ‘Results of Flexural Test of Onyx Samples with Carbon Fibre Reinforcement’.
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Appendix 6. Refers to the graph shown in Figure 42. ‘Results of Tensile Test of Onyx Samples with Carbon Fibre Reinforcement’.
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Appendix 7. Refers to the graph shown in Figure 43. ‘Results of Tensile Test of Onyx Samples with Carbon Fibre Reinforcement (After Yielding in a Flexural Test)’.
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