



Introduction:
Mountain bikes (MTBs) are specially designed to go off-road, and on rough terrain. The front fork is important because it links the bike frame to the front wheel and so has to be able to withstand all forces and impacts from the bumps and dips that come with the terrain. MTBs have different types depending on what there being used for and what is required in that scenario. These types are: cross country, trail riding, freeride or downhill bike. 
Cross country mountain bikes, according to Ballin P (2021) and Mountain Bike Experience (2022), are used on long trails and are more lightweight than other types. This type of bike is also most suited for flatter terrain like woodland paths. Cross country bikes also mainly have suspension in the front fork, and none in the rear fork, and the wheels are thinner than on other types. 
According to Ballin P (2021) and Jones T (2019), Trail riding bikes are used mainly on alpine trails as the design is done with downhill descent in mind. These bikes can also be used on most technical terrain, making it a good all-rounder bike to have. Trail bikes also have suspension on both the front and back forks.
According to Dilthey M (2018) and Mattis J (2021), Freeride mountain bikes are mainly used for tricks and stunts using terrain with no paths. Freerides also need firm suspension on both forks as the bike must deal with ever-changing terrain and jumps, skids etc.
Downhill Mountain bikes, according to Dilthey M (2022) and Simonovich R (2021), are used purely on downwards sloped and are not designed to be peddled uphill, so the user has to push the bike up the slope. Here, both forks have suspension as the bike can be used off-road.
This report will analyse and design a mountain bike (MTB), specifically the mountain bike front fork, using a mathematical equation taken from the slope and deflection beams theory. This analysis will be done by analysing different types of MTB, the advantages and disadvantages of each type on different terrain, what materials are best suited to each bike type, and how the fork would be manufactured.
Based on Ballin, P (2021), the cross-country bike has been shown to be the most popular mountain bike with 92.9% of mountain bike riders choosing this type of bike. For this reason, a cross country MTB front fork is the design choice for this report. The calculations will be aimed at making the bike as light as possible whilst still making it strong enough to be used safely. 

Calculations:
When designing a bike, it is important to consider the limits of the design compared to the forces the bike will have to deal with. This section looks at the minimum outside diameter that could be used for the bike using slope and deflection beam theory.
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Figure 1: Forces acting on bike fork (L=length, w=weight/force, x=distance to deflection, d=diameter of pipe)

Modulus of elasticity (E) = 210 giga pascals (GPa) x 1000 = 210 x 104 N/mm x 1000 = 2.1x109 N/m
Weight (W) = 967.8 grams (g) x 0.00980665 = 9.49 Newton (N) (this weight is based on Writer B (2022), showing most mountain bike forks are this weight)
Length (L) = 745 mm/1000 = 0.745 m (this number is based on Hasan S (2021), showing most mountain bike forks are this length)
Distance to deflection () = 250 mm/1000 = 0.25 m
Deflection (y) = 10 mm/1000 = 0.01m
Second moment of area (I) = 
Diameter of pipe (d) = unknown?
Equation for slope and deflection in beams 
Inserting values into the equation 
Multiplying y by E and solving fractions 
Adding within brackets 
Dividing left by right 
Inverting to make I the subject 
Substitute answer into second moment of area equation 
Multiply second moment of area by 64 
Divide answer by π 
Root to the power of 4 (to find d 
Multiply by 1000 to find the answer in millimetres  
So, the diameter of the pipe is 28.4 millimetres
When doing these calculations, assumptions have been made. For example, one is that the type of beam is a cantilever beam with a load on the end and, secondly, that the flexural stiffness remains the same throughout the whole beam. Another assumption, based on Hasan S (2021), is that the length of the front fork is the same as other MTB front forks and the weight, based on Writer B (2022), is also being the same as other MTB front forks. While a cantilever beam was chosen for these calculations, there are other options that could have been used such as: a Simply Supported Beam which has a uniformly distributed load and two supports, one at each end and the weight sent evenly across the whole beam. There is also a version with the load concentrated in the centre of the beam. Along with this there are two other versions for Cantilever Beam one being uniformly distributed load and the other non-uniformly distributed. The cantilever beam with a load on the end was chosen as all forces will hit from the bottom wheel into the fork and will not be distributed across the beam.

Types of mountain bike forks:
As described above, when designing a mountain bike fork, it is vital to consider what type of MTB is being made and what it may be used for, e.g., cross country, trail riding, freeride or all-mountain.
One type of front fork that could be used is a Rigid fork. This fork is good because, according to Dilthey  (2019), it is simple as the fork is one solid unit with no moving or separately made parts. It is therefore the cheapest designed fork. However, this fork would not be suitable for a mountain bike fork as it has no suspension or flexibility to deal with the constantly changing forces and impacts of an off-road environment. 
Another front fork design that could be used would be a telescopic fork as according to Vital MTB (2022) and REI (2022), it is also cheap but widely used in all types of bikes, so manufacturing should not cost much while still providing better off-road performance than a fixed fork. But the problem this fork has is, if it is damaged, which is likely when going off-road, then the whole fork has to be replaced. These forks are mainly used on cross country mountain bikes.
A third fork design that could be used is a Girder fork which, according to Lindenberger (2012), is not used much due to the telescope fork being more economical. However, there are reasons that this fork design could be useful as it combines the rigidity and suspension of the other two forks. However, the Girder fork is the most complicated and expensive of the forks because of this.
 These types have their advantages and disadvantages, but when manufacturing a MTB, the requirements depend on the purpose of the bike. In this report, because a cross country bike is being made, a rigid fork would not work as it would break quickly and not provide any ride quality. The girder fork would also not work as it is too expensive to buy all the parts and too complicated leaving space for unnecessary error. Based on these factors, the telescopic fork has been chosen for cost, manufacturing, repair issues and ride quality. Probably for these reasons, it is the most common fork for mountain bikes.
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Figure 2 Left is fixed fork (https://www.aliexpress.com), middle is telescopic fork https://hub.chainreactioncycles.com) and right is girder fork (http://www.cruisershop.eu)
Manufacturing methods and materials:
Many types of materials can be used for a mountain bike, but the material requirements must be met. This means that the bike must be strong and durable to withstand the off-road terrain and be lightweight to move freely. The material also must be cheap to manufacture and shape into a bike fork. In the past according to British Cycling (2022), bike frames have had different materials such as wood which was discontinued due to the wood not being strong enough to cope with the forces being applied. Then heavy iron was used but was also discontinued due to the weight being too high to gain any acceleration uphill. After this, many materials have been used as shown below:
One material that could be used is aluminium, as according to Royal Society of Chemistry (2022), it is low density and so light enabling riders to cycle quicker but also strong so that it can last on rough terrain. It is also reasonably cheap to manufacture. However, the stiffness of aluminium can result in a rough ride in off-road conditions and will weaken over time and be hard to repair. Aluminium also can have an adverse reaction to carbon fibre. This is mainly used on trail bikes.
The manufacturing process, according to Tombarelli, Shaw and Dwyer (2012), is useful because it takes a small amount of aluminium and extrudes it into a tube of the desired width and length. Then hydroforming is used to widen any parts for joining as the pressure shapes the tube however needed without weakening it. After the hydroforming, the ends where joints will be made need to be welded together using TIG welding to give a seamless joint and thus make it more substantial than a typical joint. The joint itself is done using tungsten inert gas (TIG) welding as it provides strong joints without too high of a cost.
Another material that could be used is steel. According to World Steel Association (2021), it is cheap to buy and manufacture while having the best ride quality of most bike materials while being durable and impact resistant. However, it will bend under pressure, which can cause problems depending on the type of fork being used. It is also one of the denser materials so the bike will be heavier or, if made light enough by making the gauge thinner, this can cause weak points in the fork. Steel can also rust and may need galvanising and spraying and later respraying with anti-rust coating.
The manufacturing process for steel according to Raemdonck and Benzin (1989), is melting the material in a furnace then pouring it into a mould making the individual parts before brazing them together. This method takes more raw material than aluminium but gives a more robust finished product
A third material that could be used is titanium as, according to Boyer (2010), it has a high strength to weight ratio, and so will cope with off-road terrain. It is also rustproof, and so it will handle any weather without trouble. It should also rival steel in terms of ride quality and has a resistance to fatigue meaning it will last a long time. On the other hand, titanium is costly to purchase and manufacture, which also means it is hard and expensive to repair. Another problem for bigger riders is that the lightweight frame might bend under them.
The manufacturing process for titanium according to Jones Metal Products (2022) and Van Nicholas (2022), also uses hydroforming (similar to aluminium). For titanium, the raw material is placed onto a flat plate with a punch underneath and a press filled with high pressured liquid lowered onto it. The punch then shapes the material into what the user wants it to be. The parts are then welded together. The problem with the process is that titanium is extremely oxygen reactive meaning the whole process has to be sealed from any air or oxygen at all times making the process quite exspensive.
A fourth material that could be used is carbon fibre. According to Bhatt and Goe (2017), it has a very high strength to weight ratio, it has the lowest density and so is lightest of the materials. It is also entirely non-corrosive and fatigue resistant. Also, the manufacturing process can be used to control the strength and ride quality to optimise the requirements of the rider and type of bike. However, there are problems with using carbon fibre. One is that it is expensive to purchase and manufacture into a bike, and due to the stiffness, it can be quite brittle and break suddenly if put under too much pressure, and if it does break, it would be an expensive and complicated repair.
The manufacturing process for carbon fibre according to CYCLINGTIPS (2018), is the most time consuming and complicated of all the materials as the carbon and resin has to be layered without any void in-between as that can cause weaknesses. Then the sheets are shaped into a mould and heated up to make the separate pieces. Then the separate parts are riveted together to create the frame.
Based on this information, and the type of bike that is being made, the choice of material is carbon fibre as it is less expensive than titanium but still gives good performance and ride quality.
Testing prototype:
Once built using the chosen type of fork and the material and manufacturing methods from the previous sections, the prototype requires testing before being mass-produced. This section will focus on how the bike could be tested to show that it can handle the stresses and the strains of mountain biking.
Testing needs to be done before taking the bike out for real-life testing; e.g, testing the fork in wet conditions to test corrosion resistance and weathering exposure which according to Yari (2021) can be found using an immersion test by taking the fork and submerging it in water for an extended period. Testing the tensile strength should also be done before taking a prototype out, this can be done by (Instron, 2022) using two concave jaw plates that match the curve of the pipe the press the fork between which can be done with a fixed force. Another test that should be done is the bend test which can be done using a compression bend test which clamps the material over a roller and bends it with a controlled force (Merchants Fabrication, 2022). Another way of testing suspension within a controlled environment is to do impact tests (Beliško and Huňady, 2015). Testing in a controlled environment enables check to see if there are any major weak points from the construction when different forces are applied to it. However, these tests can only show so much as the forces are controlled and not random and unpredictable as off-road conditions forces are so a proper test would require to be outside to see how it handles real world conditions and check the fork and see if the fork has deformed beyond the recommend deflection as well as testing the suspension on uneven terrain such as woodland tracks and mountain trails. 

Summary:
This report aimed to look at the design of a mountain bike specifically the front fork. First the different types of mountain bike were discussed with cross country being chosen as it is the most popular choice and the most multipurpose type. Then the calculations for the second moment of area (I) and diameter of the pipe (d) were done with the second moment of area being 3.21x10-8 m4 and the diameter being 28.4 millimetres. Then the different type of mountain bike forks were examined with the telescopic fork being the most convenient choice for a cross country bike. From this the material for the fork can be chosen based on ride quality and durability, because of this carbon fibre was chosen as the best material. From these a prototype can be made and tested first inside under controlled forces then taken outside to test in offroad conditions.
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