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Bike Frame Manufacture
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Introduction

The aim of this project is to choose the best materials for the bike frame manufacture and to choose the manufacturing process, as there isn’t no specification on which material is the best but which is the one for every individual and to chose the one for me I had to take in consideration the cost, weight, and mechanical strength of the frame during riding (C. RONTESCU, T. D. CICIC, C. G. AMZA, O. CHIVU, D. DOBROTĂ, 2015).   I decided to go for a sustainable and environmental friendly bike frame and manufacturing process, more precisely going back to the beginning of the bike history. I still have a selection of potential materials their pros and cons and possible manufacturing process.  Back on the days The first bikes were made with wooden frame, In 1974 the material choice was heavy iron then people started working more with carbon-fibre but the early metal lugged designs such as the Exxon Graftek, were plagued with problems including total frame failures. 




























the manufacturing process
Seamless frame tubes are constructed from solid blocks of steel that are pierced and "drawn" into tubes through several stages. These are usually superior to seamed tubes, which are made by drawing flat steel strip stock, wrapping it into a tube, and welding it together along the length of the tube. Seamless tubes may then be further manipulated to increase their strength and decrease their weight by butting, or altering the thickness of the tube walls. Butting involves increasing the thickness of the walls at the joints, or ends of the tube, where the most stress is delivered, and thinning the walls at the center of the tube, where there is relatively little stress. Butted tubing also improves the resiliency of the frame. Butted tubes may be single-butted, with one end thicker; double-butted, with both ends thicker than the center; triple-butted, with different thicknesses at either end; and quad-butted, similar to a triple, but with the center thinning towards the middle. Constant thickness tubes, however, are also appropriate for certain bikes (Anon., n.d.) (Anon., 2018) (Anon., n.d.). 
The tubes are assembled into a frame by hand-brazing or welding by machine, the former being a more labor-intensive process and therefore more expensive. Composites may be joined with strong glue or plastic binders. The components are generally manufactured by machine and may be attached to the frame by hand or machine. Final adjustments are made by skilled bicycle builders. 
Hand made process 

possible materials used for the production
The various materials used in frame construction have different qualities. It is important to have a good understanding of them when designing cycles. But the actual characteristics are usually only measurable with sensitive instruments.  Any differences that may exist in the final complete frame will be more to do with its design (and specifically the tube size) than the material chosen for its construction (Anon., n.d.)


	materials
	Properties and history 
	pros
	cons

	Steel
	Strength.
Toughness.
Ductility.
Weldability.
Durability
	Cheap raw materials and manufacturing cost.
Ride quality and comfort of high quality steel is second to none.
Durable and impact resistant. Will bend rather than snapping suddenly.
Relatively easy and cheap to repair damage.
	Is very heavy 
If made too light or of disputable quality then the frame can be excessively flexible.
Steel tubing will be round so no aero profiling.
Can rust and may need occasional re-sprays.

	Aluminium
	Light Weight. ...
Corrosion Resistance. ...
Electrical and Thermal Conductivity. ...
Reflectivity. ...
Ductility. ...
Impermeable and Odourless
only a small percentage in global terms, aluminium frames are a big and growing part of the performance scene. Aluminium has a lower tensile strength than steel, typically 225-750 MPa, and a considerably lower modulus of about 54,000 MPa. It is much more prone to fatigue if badly used. But it is a third the weight of steel. All structural aluminium is alloyed with small percentages of other elements, in the same way as the high grade steels. It is designated into groups that share a similar main additive. They run from the 1000 series which is pure, to 8000 which has lithium as the main addition. Higher numbers are not necessarily better and grades of one series can be stronger or weaker than those of other series
	Very light-weight.
Fairly cheap manufacturing costs and easy to mass produce.
Generally stiff offering excellent power transfer and is recyclable 
Pretty tough.
Modern tube shaping techniques such as hydroforming can fine-tune strength and ride feel
	•	The stiffness and rigidity can result in an overly harsh ride. This is why you’ll often find a carbon fork and seat stays on a top end aluminium frame.
•	Can corrode and can react adversely with carbon fibre components.
•	It will weaken over time.
•	Hard to repair

	Titanium

	High strength    Stiffness Toughness
Low density Good corrosion resistance
	Very high strength to weight ratio.
Rustproof and bombproof. Doesn’t require painting or lacquering.
Can rival steel in terms of ride quality.
High resistance to metal fatigue.

	High price raw materials and extremely labour intensive and skilled frame building process makes for a hefty price tag.
Bigger or more powerful riders might find the really lightweight frames a bit too flexible. Also, some people find titanium prone to “twitchiness” and “speed wobbles” when descending. 
Hard to repair.


	Carbon Fibre

	High Strength to weight ratio
Rigidity
Corrosion resistance
Electrical Conductivity
Fatigue Resistance
Good tensile strength but Brittle
Fire Resistance/Not flammable
High Thermal Conductivity in some forms
Low coefficient of thermal expansion
Non poisonous
Biologically inert
X-Ray Permeable
Characteristic
Al 6061 Ti6Al4V Carbon
Fiber
Young’s modulus / N/m2 x 103 68,9 115 50 - 150
Yield
Strength / N/m2
260 - 290 880 - 1100 Varies
Tensile
Strength / N/m2
300 - 320 950 - 1170 250 - 400
Elongation / % 17 10 2,5
Density / kg/m3 2,7 4,43 1,800
Weldability and Machinability Excellent Fair Fair
Cost / € per kg 1,5 45 Varies
	Very high strength to weight ratio, giving rise to the lightest bike frames available.
Excellent resistance to fatigue and totally corrosion resistant.
Strength, stiffness and ride characteristics are controllable during the manufacturing process to give exactly what is required for the requirements of the riding and rider.
Can be bend into any shape making highly aerodynamic designs possible.

	Expensive raw material.
Resistance to accidental knocks and the effect of apparently minor scratches and dings on structural integrity can be a concern.
Can break suddenly (if weakened) without warning. Particularly prone to those of us who can be over zealous with an allen key.
Hard to repair.
Quality of lay-up can vary massively.


	scandium
	
	A relatively new type of metal-composite related to aluminium
Lightweight like aluminium but slightly denser and better for absorbing vibration
More durable and a bit stiffer than aluminium giving a ride comparable to a steel frame
	Expensive

	wood
	Strong, easy to bend 
	very strong and tick, doesn’t require paint resistant, cheap, easy to bend, can be found anywhere 
	Not eco-friendly has we have to cut trees.

	Bamboo
	Light and stiff
The Bamboo Bike Project, which began at Columbia University's Earth Institute, got its start back in 2008. That was when Marty Odlin, a product design and development engineer at K2 Sports teamed up with Sean Murray, a former schoolteacher in earth sciences, and Justin Aguinaldo, a bicycle messenger and racer Today, thanks to local businessmen who invested in the project and helped get the operation off the ground, the first large-scale bamboo bike production factory in the world is up and running in Kumasi, Ghana, in western Africa; it's created several hundred bicycles already serving the transportation needs of rural Ghanaians (Anon., n.d.).
	 Eco friendly, very strong and tick, doesn’t require paint resistant, Rides well. Very light and very cheap
 
	Not the most common bike we've ridden
And common made in Africa or countries with high temperature

	beryllium
	Good electrical and thermal conductivity High strenght and hardness Non magnetic properties 
Good resistance Dimensional stability over a wide temperature range
	Strong one of the lightweight metals
	have psychometric qualities that may lead to rapidly heightened public concern.

	Magnesium

	 Light in weight  Strong.
 Density of magnesium is 1.738 g/mL
	cheap
	corrosion




Conclusion 
The future for bicycles looks promising as we approach the 20th century. Developments in bicycle technology in the 1990s have led to advances in human-powered vehicles (HPVs) design. Most HPVs are low-slung recumbents, which are more aerodynamic than conventional bicycles and reduces drag and increase speed. . Althougt there are still  manufacturers experimenting with alternative materials, including bamboo and cardboard, the big four are steel, aluminium alloy, titanium and carbon fibre.
I decided to use bamboo because is ecofriendly can be manufactured at home and is very cheap  in comparison with a modern bike that involves more detailed manufacturing process and is bad for the environment as it need paint and is very hard to recycle Carbon can be made  stiff whilst remaining very light. It’s also malleable, brands can shape it the way they desire, making aerodynamic tubing much more attainable and effective, but is not always immediately obvious when it’s damaged which can lead to failure under stress. When it comes to bike frames, aluminium is ‘alloyed’ with another metal. In order to achieve a greater strength to weight ratio, quality aluminium bike frames are butted. The more butting, the better. Single butting means that one end will be thicker, double butting means the tubes are thicker at both ends and triple butted tubes are thicker at both ends and thinner in the middle. (Anon., 2018)
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Analysis
 The geometry of the frame depends on the intended use. For instance, a road bicycle will place the handlebars in a lower and further position relative to the saddle giving a more crouched riding position; whereas a utility bicycle emphasizes comfort and has higher handlebars resulting in an upright riding position. Frame geometry also affects handling characteristics
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