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In this report I will be looking into wooden guitar necks a material, giving an alternative material choice, the properties, manufacturing, assemblies and finishes of both materials. This will not include the fret board and any fixings that are attached to a guitar neck, though there will be considerations regarding these attachments. 
About the guitar neck 
[image: ]The two most common types of woods use for guitar necks are mahogany and maple. The neck does not provide improvement towards the sound of a guitar but rather it is to support the strain and tension of the strings and should not vibrate when the instrument is being played. It also provides support for the fretboard. Figure 1: Guitar neck dimensions

Properties
[image: ]Central American Mahogany is classed as a hardwood though it is considered one of the softer woods. It is widely used in in making furniture and kitchen cabinets. Has good stability as its grain is close and straight. And after it is dried in a kiln to a moister content of 14% within the wood, the timber remains stable whilst resisting any warping and twisting. Mahogany is used Figure 2: Honduran Mahogany

[image: ]Hard rock maple is a very strong, has a straight, tight grain is light in its colour. It also carves very well which means it easier to create the neck. it is commonly used to make floor, e.g. basketball courts, dance-floors and bowling alleys. Figure 3:Hard Maple

Manufacturing and Assembly 
The neck is cut from a single piece of mahogany and is either hand carved or machined to the required specifications. A 6mm diameter steel rod is inserted into the neck to provide reinforcement for when the strings are attached (slightly tighten or loosen depending on how taught the strings are). After, it is then sanded and attached to the guitar body via a ‘fitting heel’ at the bottom of the neck to that fits onto a slot at the top of the body. It is then screwed and glued into place. 
Volume of Production
Due to the manufacturing process of acoustic guitars, there is a mixture of both hand crafting and machine processes. Guitar manufactures batch produce their guitars in high quantities but not so much as to have it being mass produced. This is down the demand for guitar from consumers. In 2014 the total amount of guitars sold in the USA were just over 2.6 million. Down from 2005 which was 3.1 million. Batch production for guitars is the best and cost-effective way to produce them without having a surplus number of guitars that do not get sold.


[image: ][image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\31659541_1661024163984672_3772076974994882560_n.jpg][image: ]FinishesFigure 4: Acoustic guitar sales in the USA 2005-14
Figure 5: Electric guitar sales in the USA 2005-14

Both woods would be stained a darker colour and once the neck is attached to the body, the whole guitar receives several layers of lacquer. Nitrocellulose or polyurethane are the typical lacquer to apply as they protect the material from light damage. 
Alternate material: Carbon Fibre Figure 6: Finishes

[image: ]
Figure 7: Woven Carbon fibre
The type of Carbon Fibre I will be using as my alternative material will be a composite, combining a resin and a strong bonding agent. The fibre strands will be twisted together to create a fabric that is woven together to form a cloth material. (insert pic of carbon fibre cloth) 


Raw Material
[image: ]The precursor is the actual, raw material that carbon fibre is made from. I have chosen polyacrylonitrile (PAN) as the precursor for the fibre in this report as it is the most common type. ‘PAN is a polymer of acrylonitrile, a monomer, a chemical produced with, propylene, ammonia, and air as an oxidizing agent.’ (Malmberg, [online] 2018). This then undergoes several different treatments such as oxidation, carbonisation, surface treatment, before finally being wound into strands that are twisted together to create the cloth material.Figure 8: Diagram of CF Manufacturing Process


Properties 
[image: ]‘Carbon fibre is made of thin, strong crystalline filaments of carbon’ (innovativecomposite.com, 2014), which gives the final material properties such as:Figure 9: Carbon fibre wing tips

· Good strength to weight ratio 
· Made to be as stiff or flexible as desired
· High stiffness
· High Tensile strength
· Extremely lightweight 
· Temperature tolerant to excessive heat
· Easily shaped like cloth and moulded like plastic
Because of this, carbon fibre is used in several industries; aerospace, automotive, military. It is even used in recreations areas too. 
Cost
[image: ]As the raw materials and the process of making carbon fibre is complex, the cost is expensive. ‘Before you even account for energy and equipment, the precursor in the final product is something around $5 a pound.’ (Norris, cited in Swaby, [online] 2011). Using this figure and converting it into Kg and GBP, an estimation of £8 per Kg would be the material cost. This price does not include the energy, machinery and labour to create the woven cloth. Using ‘East Coast Fibreglass Suppliers’ as an example of a carbon fibre retailer, their ‘Gurit Prepreg Carbon Fibre - 416g Twill Weave’ at 1m x 1.27m can be estimated to cost £146 per Kg. At a rough calculation, this amount of material should be able to create 24 carbon fibre. Which means that each neck would cost £6.08 approximately.
Life Cycle
Carbon fibre has historically been difficult and inefficient to source raw materials from as the process of making carbon fibre is part chemical and part mechanical. A lot of it (waste or used) is thrown into landfills and can take up to 100 years to breakdown. With recent developments from aircraft and car makers (big consumers of the material) however, it has become more efficient and environmentally friendly to produce and reuse/recycle. 
[image: ]As the material is very durable, it lasts a very long time in whatever area/industry it is being used in. Taking carbon fibre bicycle frames as an example, ‘[carbon material…] they’re very good in fatigue, much better than any aluminium or steel would be. If done [manufactured and assembled] properly, a frame could last you forever.’ (Nielson, cited in Wikstrom, [online] 2015). As bicycle frames typically go under more stress that a guitar neck, it is safe to assume that a well-made one could also last a lifetime. Figure 10: Carbo fibre bike frame

“Prepreg”
[image: ][image: ]Prepreg is the term for reinforcing carbon fibre which has been pre-impregnated with a resin, typically epoxy resin. The material is immediately ready for layup. All that needs to be done to set it is too lay it up and vacuum form in (in a vacuum bag) and apply heat to allow it to cure. The ideal curing environment would be a would be an autoclave which has both temperature and pressure controls. (fibreglast.com)Figure 11 & 12: Vacuum pack and Autoclave for curing CF



[bookmark: _GoBack]Manufacturing and Assembly 
[image: ]To get the shape of a guitar neck, a mould would first be made for which the material can be placed over to create the shape and size of the neck.  A sheet of prepreg, woven carbon fibre large enough to cover the mould would be cut and placed over the mould. To get the fibres to hold the shape permanently, the mould and material will then be vacuum formed and then place in an autoclave to be heated for several hours until the material has cured. Once set, the carbon fibre would be removed from the mould along with any excess material using a sander or hacksaw for larger pieces. Cleaning up the holes for the fitting heel and the bottom and the tuning pegs at the top. After the finishes have been applied, the neck will be attached to the body via an epoxy adhesive along with the typical nut and bolt to provide strong bond.  Figure 13: Example of CF layered up onto a mould

Finishes
[image: ]I have decided to give the neck a glossy finish. The best way to achieve this is to apply around three layers of epoxy coating resin. The process to do this is to sand the neck using a 180-grit sandpaper, alternating between wet and dry. Adding a coating of the resin, then leaving it to cure for 3-4 hours. Repeat the process another couple time until the desired finishes has been archived. 
This finish will also provide a better ‘slide’, which allows the guitarist to quickly move their hand to a different place to of the fret board without completely taking their it off the neck.Figure 14: [Still from video] epoxy finish for CF

Conclusion
Carbon fibre would be a good alterative material to mahogany and/or maple wood for a guitar neck. It is strong enough to support the tension of the strings, is very light so will not add an unstable weight to the whole guitar, and is very durable and would be fit for purpose for a lifetime. Although, the cost to produce and manufacture the neck would be considerable more which means that production of these necks would be far less that wooden ones. Also, right now the recycling element is not as good as wood. Even though carbon fibre is a viable alternative to wood, I believe that it would be better suited for small batch or one-off productions until the cost of mass production is lower. 
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Figure 1: Schematc of CF Manufacuring Pocess (Adapted from [20])

Athigh temperatures oxygen reacts with CF and removes portions of precursor material, thereby reducing the ield. The atmosphere
in the carbonization chamber is inert, so only non-carbon molecules are removed and exhausted from the furnace. This increases the
carbon content of the precursor. Nitrogen is the inert gas of choice, and temperatures range from 1073 K to 1773 K [14]. As the fiber is
carbonized, i loses mass and contracts in length and shrinks in diameter, resulting in a PAN to CF conversion ratio of around 2:1 [14].
“This process typically takes less time than oxidation. At the end, a high strength fiber with crystallized carbon molecules, and a carbon
content of 93 to 95 percent is oblained [14]

“The third stage is surface treatment. The main purpose in this stage is to treat the fibers in order to enhance the adhesion betwe
‘matrix resins and CF to form a reinforced composite. This process varies for each manufacturer, but a common method involves pulling
the fiber through an electrochemical or electrolytic bath containing a sulfuric acid solution [14, 17]. This roughens the surface of the
filaments, thereby increasing the surface area available for bonding the matrix resin. This treatment will result in a composite with up
to twice the shear strength as compared with unireated fibers. Chemically, the electrically conductive fibers form the anode
electrolysis, which causes carbonyl-containing groups to form on the smoother
rough surface provides, the carbonyl groups also improve the cohesion with the matrix resin. Afier the treatment, the excess electrolyte
is removed in a water washing [17]

‘The fourth stage is called the sizing process. Here, a coating is applied to protect and lubricate the fibers for the case of handling
[17]. The sizing materials nced to be compatible with the matrix resin to allow for the penetration of the fiber bundle and interaction
with the fiber surface. The sizing materials utilized in this process can be aqueous emulsifiers or resins, o even cpoxy resins that are
not soluble in water. The treatment can increase the weight of the fiber by 0.5 to 5 percent [14]. Finally, the fibers are dried again, and
are wound on spools. This is a purely mechanical process called the winding process, and is not considered for this cost model.
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