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1. [bookmark: _Toc98182758]Introduction
“All disciplines of mountain biking expose participants to continuous surface terrain-induced vibrations and impacts” (Macdermid, Fink, & Stannard, 2014c). Through this report, the history and future of various suspension forks will be brought to attention as well as a brief description on technical terms associated with mountain bikes involved with suspension. How suspension forks are made through a technical manufacturing process. Calculations regarding load on a mountain bike stanchions will be calculated based of an assumed load, and finally a brief look into how a prototype can be created and tested.
[bookmark: _Toc98182759]Aims
To grasp an understanding on the anatomy of a mountain bike suspension system to gain knowledge. Further developing intuition and directing thoughts when solving calculations.
[bookmark: _Toc98182760]Objectives
To redesign mountain bike fork stanchions to enhance user experience/performance.



[bookmark: _Toc98182761]Research – Minimum Diameter
As the mountain bike breaks, a force is applied to the forks. Knowing this, it can be assumed that there is a point load acting on the axle.
During this action of breaking, the force can be calculated by knowing the mass of the bike and rider, as well as the deceleration speed and gravity.
For this equation, the following are assumed
	Deceleration = 2m/s2

	Bike Weight = 13kg

	Rider Weight = 70kg



Using this information, the equation is shown.
[bookmark: _Toc98182974]Equation 1 - Calculating Force

[bookmark: _Toc98182975]Equation 2 - Calculating Force with Values

[bookmark: _Toc98182976]Equation 3 - Calculated Force

Here is a diagram of the subject component. L
W
x
x
X

[bookmark: _Toc98182784][bookmark: _Toc98182802]Figure 1 - Point Load Diagram
Here are the following known values.
	W = 1824.66Nm

	L = 0.5027m


The value X has not been given, its position could be assumed but as shown later, it is not needed.
[bookmark: _Toc98182977]Equation 4 - Bending Moment

[bookmark: _Toc98182978]Equation 5 - Bending Moment 2

[bookmark: _Toc98182979]Equation 6 - Bending Moment 3

Integrated;
[bookmark: _Ref98111591][bookmark: _Toc98182980]Equation 7 - Bending Moment Integrated for Slope

Assuming EI is constant;
[bookmark: _Ref98111526][bookmark: _Toc98182981]Equation 8 - Bending Moment Double Integrated for Deflection

From Equation 7 - Bending Moment Integrated for Slope
When  = Slope is 0;
[bookmark: _Toc98182982]Equation 9 - Before Transposition for A

[bookmark: _Toc98182983]Equation 10 – Transposed for A

From Equation 8 - Bending Moment Double Integrated for Deflection
When ;
[bookmark: _Toc98182984]Equation 11 - Before Transposition for B

[bookmark: _Toc98182985]Equation 12 – Transposed for B

[bookmark: _Toc98182986]Equation 13 - B Calculated

Equation 8 - Bending Moment Double Integrated for Deflection;

[bookmark: _Toc98182987]Equation 14 - Deflection at all Points

[bookmark: _Toc98182988]Equation 15 - Multiplied by x (0), Cancelled

This gives deflection at all points when 
[bookmark: _Ref98143252][bookmark: _Toc98182989]Equation 16 - Maximum Deflection

Values Given;
	E = 210GPa

	ymax = 10mm = 0.01m



Values Assumptions;
	L = 0.5027m

	W = 1824.66Nm



Using these values, in the Equation 16 - Maximum Deflection.
[bookmark: _Toc98182990]Equation 17 – Transpose for I

[bookmark: _Toc98182991]Equation 18 - Values Added for I

[bookmark: _Toc98182992]Equation 19 – Second of Moment Area

Solve for d (Diameter);
[bookmark: _Toc98182993]Equation 20 - Second Moment of Area for a Circle

[bookmark: _Toc98182994]Equation 21 - Second Moment of Area for a Circle, Transposed

[bookmark: _Toc98182995]Equation 22 – Minimum Diameter Calculated










[bookmark: _Toc98182762]Discussion – Mountain Bike Forks, History and Future
A “Bicycle fork is a part of the bicycle on which the front wheel is mounted, and which is turned via handlebars in order to steer the bicycle” (Bicycle fork types explained | BikeGremlin, 2022). Throughout history bicycles have been used as a tool to lose weight, commute to work, participate in sports and military use. The earliest evidence of bicycle modification for off-road use comes from the “Buffalo Soldiers” which “the U.S. Army formed the 25th Infantry Bicycle Corps to see whether the two-wheeled vehicles had a place in military operations” (McCormick, 2012). 
Through the historic development of bicycles, the arrival of new innovative variations came into being, one variation known as the “mountain bike”. Since then, mountain bikes have been improved on continuously since the 1980s. This rapid development caused by the interest in mountain bike sports, and now the availability due to low cost and the access to trials, thanks to the engineering.
Every component on a mountain bike has been develop specifically to enhance the user’s experience. From commuting to work and participating in sport, or even for leisure time. 
[bookmark: _Toc98182763]Variations of MTB Fork
Mountain bike forks have been redesigned from materials to shape, to suit the intended purpose. Professional mountain bike riders will need specific requirements to maximize their performance, such as the material stiffness, weight. Whereas a normal commuter may not require such sophisticated design requirements.
[bookmark: _Toc98182764]XC (Cross-Country) Forks
Cross country forks are specifically designed to keep “weight low while allowing for offer the maximum pedalling efficiency” (Cross Country Mountain Bike Forks – Reviews, Comparisons, Specs, 2022). This variation also relies on lockout, rebound and compression adjustments.
Lockout is a “dial placed upon the handlebar of the mountain bike” (What is a Lockout Fork on a Mountain Bike: Why it’s Nice!, 2022). Lockout is used to stop the suspension from compressing as rapidly, giving the bike more of a rigid feel. This mechanic is useful when riding uphill or on a flat surface.
Rebound is when “the fork travel tries to return to original length” (How To Use Rebound Damping - FOX Academy, 2022). The result of this action prepares the bike and the rider for the next impact whether that is by landing, bumps, or crashing. It is like how ‘lockout’ works but rather than reducing the ease of compression, ‘rebound’ increases the speed of decompression.
“Cross-country forks use 15mm and 9mm "quick release" axles” (Cross Country Mountain Bike Forks – Reviews, Comparisons, Specs, 2022).
A 100mm fork length is usual for cross country and allows riders to scale and descend hills and mountains with ease. More fork length and travelling up hill becomes a challenge, as it provides more weight to the back wheel as head angle decreases.
‘Quick release’ is a mechanic that allows riders to release the wheel from the fork without removing the axle. 15mm to 9mm references the diameter of the axle. This is useful for quick maintenance or convenience. 
[bookmark: _Toc98182765]Enduro
Formerly known as all-mountain. These forks are specifically design for trails and offer excellent climbing efficiency. The fork length ranges from 4 to 6 inches allowing for a comfortable decent and a moderately easy climb.
[bookmark: _Toc98182766]Downhill
Downhill bikes usually use dual crown forks which offer 8 inches of travel. “Travel refers to the distance the wheels move as the shocks (Suspension) compress” (Woodcock, 2022). Similarly, to cross country, it offers rebound and compression adjustment.  The increase is travel length provides more comfort when descending, over bumps and jumps.
[bookmark: _Toc98182767]Future of Mountain Bike Forks
Within the 21st century, full suspension has become a popular choice. The advantage of full suspension (front and rear) is that it provides “increase rider comfort, control, and possibly performance, perhaps by reducing physical trauma due to excessive vibration” (HOLDEN MacRAE, 2001). A study concluded that “The FRS bike allowed cyclists to maintain a higher cadence and cycling velocity with less physical trauma during a 30-minutes off-road trial. Hence, cyclists would achieve a higher performance when riding with the FRS bicycle” (NISHII, 2004)
[bookmark: _Toc98182768]Discussion – Assumptions Made for Minimum Diameter
Few assumptions were made during the calculation process including the incline, rider weight, bike weight (Minus Front Wheel), bike fork length and the deceleration.
The incline was assumed to be 0 degrees as the incline for mountain biking trails largely vary especially depending on geographical location. For this reason, a 0-degree incline plane can be calculated and tested almost anywhere.
The rider weight was taken from a fit and healthy young male which measured at 70kg.
The bike weight was based off the ‘Santa Cruz’ brand. The bike ‘5010’ is recommended as a great trails bike. (5010 - Mountain Bike | Santa Cruz Bicycles, 2022) which material is made from carbon.
The fork length was assumed based of the following diagram. 
[image: See the source image]
[bookmark: _Toc98182785][bookmark: _Toc98182803]Figure 2 - Fork Length Diagram by Brent at Fork length "L" parameter... | www.bikecad.ca
From this diagram, it has been assumed that the fork length will be taken from the crown to the axle without sag. This gives 502.7mm = 0.5027m.
Deceleration was also assumed to accurately determine the force. Breaking is mentioned as an action to prevent movement; hence movement was present.
[bookmark: _Toc98182769]Other Methodologies
‘The Theory of Superposition for Combined Loads’ is another methodology that could have been used to calculate the minimum diameter of the stanchions if other forces were assumed such as friction, tire pressure, tire stiffness. As this theory evaluates multiple loads.
[bookmark: _Toc98182770]Discussion - Manufacturing Processing and Materials
[bookmark: _Toc98182771]Manufacturing Processes
Manufacturing processes drastically change the way a material operates under load. There are several techniques and preferable choices manufacturers will take.
[bookmark: _Toc98182772]Wrought
Wrought is defined as “ shaped by hammering with tools” (wrought, 2022). In this process, a metal is heated until red hot. It is then beaten into the desired shape. This process is long and requires a lot of labour hours. 
[bookmark: _Toc98182773]Casting
Casting can be defined as a process where molten metal is poured into a mould. Usually, the mould is formed by sand, allowing the manufacturer able to make complicated shapes. The sand is made wet so that it can bound together. Then the molten metal is poured in and air cooled until solid.
[bookmark: _Toc98182774]Quenching
Quenching can be defined as the cooling process. ‘Reynolds 853’ steel is air-cooled which gives a fine grain structure. Other methods of cooling include water or oil which are known as rapid cooling methods. The shape is formed similarly to ‘wrought’, however the cooling process is different which gives its own unique properties.

Quenching - Reynolds 853 Steel | Incredible Ride Quality | Niner Bikes
[bookmark: _Toc98182775]Material Selection
The four common material choices for mountain bikes are steel, aluminium, titanium, and carbon.
Early in the development of mountain bikes, steel was a popular choice. Due to its weight, it became out competed by aluminium and carbon but due to the cost of carbon, aluminium became the largest material choice for bike enthusiasts and still is today due to its “high strength-to-weight ratio” (Sumner and Hurford, 2022). On a competitive level, carbon is an excellent choice as its high strength-to-weight ratio is even greater, however the cost to manufacturer is much more.
[bookmark: _Toc98182776]Titanium
“Titanium is as strong as steel but much less dense” (Titanium - Element information, properties and uses | Periodic Table, 2022). Due to these desirable properties, titanium is also a great alloy and is used in other industry’s such as “in aerospace, high-temperature and biomedical applications” (Titanium, Ti, 2022). “Titanium has low thermal conductivity of 11.4 W/m K which is an important consideration during machining” (Titanium Properties - Kyocera SGS Europe, 2022). This will increase the price as more energy and labour is required.
Titanium is also highly resistant to corrosion which is essential for mountain bike conditions.
[bookmark: _Toc98182777]Aluminium
“Unalloyed aluminium is ductile, exhibits moderate strength, and is very resistant to corrosion” (Aluminium, Al, 2022). Not only that, but aluminium is also inexpensive due to its abundance “making up more than 8% of the Earth's core mass” (What is aluminium, 2022).
[bookmark: _Toc98182778]Carbon
Dampening and torsional stiffness makes carbon an excellent choice as a material, also having the best strength-to-weight ratio out of all materials. However, carbon fibre is also very expensive. This is due to its energy consumption which is “14 times as energy-intensive as producing steel” (Jennings, 2015).
[bookmark: _Toc98182779]Steel
Steel is renowned for not failing under fatigue unlike aluminium. The most popular and well-known supplier of steel bikes are ‘Reynolds 853’. Being described as “light and stiff” (Reynolds Technology, 2022). This material is an alloy composed of carbon, manganese, chrome, molybdenum, silicon, and copper.  It is then processed by a method of quenching with air-cooling, rather than water or oil. This gives it a fine grain structure.
[bookmark: _Toc98182780]Future of Material Selection
Due to the advancement of material science, especially seen with ‘Reynolds 853’ and ‘carbon’. The future of materials, specifically alloys will bring specialised bikes for all types of mountain biking experiences. With the integration of electrical systems such as ‘EV bikes’, the material selection process will change to compensate for the increased speed that they can go.
[bookmark: _Toc98182781]Discuss Prototype
Casting is an affordable and quick process when creating components for mountain bikes. It has great compatibility with alloys. To test the component, the use of software would be an affordable and simple way of testing for structural strength and material selection. After, the process of physically testing the product through destructive testing such as fatigue testing, and impact testing would be a good method to establish the maximum strenght and then to compare the results with real situations. The information gathered through destructive testing is a great way of working out what changes need to be made to the shape and material of the component.






[bookmark: _Toc98182782]Conclusion
In conclusion, the minimum diameter varies depending on the load which is circumstantial to the rider’s weight, chosen trial and shape of the bike. At present, technology is advancing the capabilitys of materials and design through software and testing proves to be a good method at bring real life scenarios into development.
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