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This technical report is designed to look at mountain bike forks. It will look at the design of the forks how to extrapolate deflection in the mountain bike fork design from the given dimensions of the fork. There will be a brief history of a mountain bike fork suspension from the early beginnings through to the stanchions we have today.
There will also be a description on how a mountain bike fork is made using two primary materials steel and carbon fibre. And there will be a brief description of what test could be run on a stanchion if it were to be made today.
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Looking at the design of a mountain bike stanchion there are many factors that would need to be taken into account. Firstly there is the question of what the mountain bike will be used for for instance downhill, uphill or perhaps cross country mountain biking. 
Now for each of these there are varying sizes of stanchions for each discipline for example, a trail mountain bike (used as a somewhat hybrid of endurance and cross country mountain biking) may reach its uppermost level of comfort with a stanchion that can travel up to 150 millimetres where the best ride or comfort zone could be within the 130-140 millimetres range with an external diameter of roughly 35 millimetres (BikePerfect, 2022). With the average length of a mountain bike fork being roughly 367 millimetres that travel distance leaves plenty of room for minor adjustments (D Rinard, 2022).  Using that example, the internal diameter could be ascertained for the correct level of deflection that is required. This is taken into account as what could be the average dimensions for the mountain bike fork with an average professional or competitive rider weight of approximately 70 kilograms (Impellizzeri and Marcora, 2022).
This can be calculated using the slope and deflection of beam theory, with this all that would be needed is the material, the cross section, the loading on the beam and the location of the force on the beam then an approximation of the deflection can be surmised. This then would give an idea if the correct materials are being used for that fork or if it has been set up in the correct way.
As there was no base length for the forks or mass of the rider these figures were used as an average based on the observations of the professional and competitive riders who would use a bike in this manner.
As previously mentioned these figures in the report are averages based on available data for riders with a higher level of competency. To make this suitable for someone who is more f a novice alterations can be attained through customisation of the different aspects previously mentioned i.e fork length, suspension travel etc. For instance the size of the wheel could significantly alter the length of the forks which in turn could alter the suspension travel therefore there may need to be some adjustments made to account for this. There is also the riders weight. Most of the professional riders discovered through research have a weight between 64 and 73 kilograms, which is not a very large difference and they are not the only ones to use a mountain bike. 
With this in mind, there would need to be other factors taken into account considering the additional mass to the example given above. To ensure that the forks would be able to support someone with that much additional mass then there could be reason to think thicker steel could be used for the additional support or perhaps a greater diameter for the stanchion or forks. This would also increase the overall weight of the bike as a whole, therefore there would be more research needed to ensure the bike stays as lightweight as possible as this could affect how difficult it is to ride up hill for example. Studies have shown something that may seem obvious to some that the additional mass on a mountain bike that is going uphill can cause the bike to have a marked speed difference 3.3% slower for an increase in mass of 21% and that’s just the bike. With the additional mass of a slightly larger rider that could increase the difficulty quite considerably, therefore keeping the weight to a minimum could be crucial (Dr Miller 2022).
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Mountain bike forks were not always the bastions of ride comfort they appear to be today for quite sometime they were motionless with the exception of the steering of the rider. For quite sometime in fact, mountain bikes had no suspension at all even though motorbikes had used suspension for years. Mountain bikes seemed to take a back seat as it were. There may have been  many attempts over the years to create a bicycle with adequate suspension but it was in the 1980’s that there was finally a breakthrough as it were. A shock absorber for the rear wheel with a single pivot point on the frame made by a man called Brian Skinner (MCR Descender, 2022). 
The world had to wait until the 1990’s before a front suspension bike became available, prior to that it was though to be merely a pipe dream. Thankfully Doug Bradbury created a bike with front suspension as well as rear suspension but rather than using the air-sprung technology that is well known now he used elastomers. These had one major drawback though, they could not be used effectively during any cold weather (B Lin, 2022).
Current mountain bike forks have something that can be described as a telescopic suspension which is essentially one tube sliding inside another. It is a design that is relatively simple and cheap to make and is essentially a shock absorber inside there is normally a spring, air and oil. As mentioned with this system of shock absorption it allows for a smoother dampening of any bumps or jumps that the rider may come across they work in a similar way to the stanchions on a motorbike (Setright, 1977).
Typically there are four main mountain bike fork types, Downhill, Freeride, all-mountain and cross-country with these different types of forks there are various different types of suspensions that could go with them also.
A mentioned earlier it wasn’t until the 1990’s that the mountain bike forks became what is known today. Prior to that there were many attempts at creating a suspension that would suit the purposes of the mountain biker.
There is some talk of the future of mountain bike forks being in linkage forks. This comes from several companies who are making their own version including a company called “trust”. The “New” type of fork has a five-point pivot system that allows the system to compress easier and it would allow the forks to follow the bumps in the trail allowing for a smoother ride. This also would reduce the feeling that a rider could go over the handlebars on a downhill portion if they were to break too harshly (S Powlison, 2022)
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To create a mountain bike there first needs to be the correct choice of material. Over the years there have been many varieties of material used to create a mountain bike and each component part including forks. There are mountain bikes made of wood, however the forks are still made of steel or carbon fibre. These are the materials that have been tried and tested over the years and have proven themselves to be the best materials for the job. 
The difference between steel and carbon fibre is the lightness and vibration damping of carbon fibre vs steel and of course the price difference (Levy and Smith, 2005).
To make a mountain bike fork once the parts have been collected the crown is placed into a machine that the stanchions are pressed into including the steering tube. Then the coils are greased up and placed into the tubes. At this point the bleeding has been done so the oil reservoir that is inside has no air. This is then slid into the tube that connects to the wheel. 
With carbon fibre mountain bike frames there is a massive difference. To begin with a roll of pre-preg (Pre impregnated with resin needed to cure the carbon fibre) carbon fibre is taken into a cutting room where a pre-programmed CNC machine will cut out several different shapes that are to be layered up to the desired thickness for the different parts of the bike and instructions on each piece showing where it needs be layered and in what orientation the cut pieces need to be in to ensure the correct tensile strength in the correct direction. This also ensures as little waste as possible, as previously mentioned carbon fibre can be quite expensive. Once the pieces are cut they are then sent to the “lay-up” team who essentially piece everything  together. They place the pre preg into the mould for the bike. To create the tubes there are essentially inflatable bladders inserted into the mould so that when the components are placed into auto clave the bladder expands the inner shape of the mould creating a cavity inside and allowing the tubular shape to form and solidify. Prior to going into the auto clave the components will be placed into a bag which is then vacuum sealed to ensure the is no air pockets in the mould which could lead to delamination (layers separating themselves) (Black magic: How carbon fibre bicycle frames are made - CyclingTips, 2022)
Of the two of these processes it may appear that carbon fire is the lightest material to use for creating mountain bike forks but is by far the most complex and costly and time consuming. However the vibration damping effect of carbon fibre could be worth the cost for the right cyclist (Best rigid forks for mountain biking, 2022)
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To test a mountain bike fork it would first be prudent to decide at what level it will be tested. As previously mentioned there are several different disciplines. Choosing the incorrect one could lead to disaster for instance if the stanchion was set up to allow for deflection for a rider travelling over rough but linear terrain and suddenly they travelled downhill at speed. The stanchion may not hold up to that type of wear and tear so the rider could be severely injured.
Perhaps placing the forks in a device that gradually increases the force on the end of the forks until breaking point would be a safer option as there is much less chance of anyone being injured in the process. This would also allow direct observation of any faults that may occur.
Finally, some impact testing maybe a good course of action to follow. With riding at great speed downhill if a branch were to suddenly impact the forks and cause a structural weakness it could lead to some very serious injuries for any rider the maybe using the bike in the future.
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