Foam bike helmet inner liner 
The inner liner of the bike helmet are typically made of expanded polystyrene (EPS) foam and this makes up the vast majority of the cheaper helmets in the helmet industry.  This liner is the most important part of the helmet in terms of safety as this foam layer is where the energy of the impact in any crashes is managed. The EPS can be made in layers which can also have different densities. This allows the EPS foam layer to be tuned to take on different amounts of impact so the softer layers can take on the small impacts while the tougher and harder layers can withstand more forceful impacts. In the more higher end helmets they usually come with internal reinforcement within the helmet so that they and withstand more force. This is done in the higher end helmets as it enables the helmet to open up larger vents for airflow. These techniques for introducing this reinforcement in the foam mold and then getting them to be lined up correctly is a very crucial in the manufacturing process for the helmets inner liner. Depending on the manufacturers preference they can use a variety of materials for the reinforcement in the helmet. They can use materials such as polypropylene, nylon or something like metal or a metal mesh. This reinforcement is usually hidden in the helmet and many users are unaware of its presence in the foam. It is normally buried in the foam and is very much needed to keep the helmets from splitting apart after a impact. This is needed more so for the helmets with larger vents as the force will be focused on specific points. 
The foam itself in the helmet is usually a crushable foam like EPS as this is designed to withstand one hard impact such as what most helmets can do. It works by the walls of the foam slowly crushing from the impact. It carries the energy from the impact all the way down the foam as it crushes but it does not bounce back once fully crushed as that would make the impact worse so instead it passes the rest of the energies through the user’s head. This obviously leaves the helmet in a unsuitable condition for repeated use so another will have to purchased. Even for lesser impacts while damage may not be visible experts recommend buying another helmet. There are also other foams that are used in different companies such as Brock foam which is a multi impact foam that uses expanded polypropylene beads that are then held together by a elastic adhesive that when combined make a closed-cell foam that is porous. Another type of unique foam comes from the company called W Helmets who use a rubbery foam called zorbium. It is designed to deform easily in lesser impacts but as a new foam has problems such as more weight.
[image: ]This foam is widely used in all types of helmets even those specialised for pro cycling as it is a easy to use and effective material to use.  EPS foam is made by using polystyrene beads in a pressure mould which is shaped like that of the helmet liner and then the beads are put under heat and pressure to expand these beads to bond the cells tightly. If one aspect of the heat or pressure applied is off by the slightest it may put off the foam to not be uniform or may cause little hidden holes within the foam where the beads may not expand properly. The pellets are heated up to temperatures of 200 degrees Celsius till they expand and fill the mould to form a solid. Designers may change the thickness and density to account for any varied shapes or vents there may be in different designs. Once this is complete it is attached to the hard outer shell to complete the main body of the helmet. These are attached usually by a strong adhesive which keeps costs low while keeping the helmet strong.  Due to costs most of the manufacturing process is done in china and then exported to countries such as the US for sale. The costs of making the helmets would be very low as the material used (polystyrene beads) is very cheap so it can be easily mass produced on a worldwide scale. The start up cost of course will be expensive but the cost of each helmet including shipping and costs is estimated to be roughly around 4.85 but by looking into the costs per piece can be estimated that the liner costs 40 cents for manufacture.
[bookmark: _GoBack]When looking into alternate manufacturing methods or materials I have come across quite a few options that can be used. One very good alternative I have found is called Cellufoam. It is material that rather than being made of plastics is made of a more bio gradable material. Its outer layer is made of veneer wood but on the inner layer instead of the typical shock absorbing foam made of petroleum-based Styrofoam it is instead made of a completely biodegradable material that is more wood based. This helmet is made so that after it has been seen through its life cycle it can be easily recycled or let biodegrade so that it does not harm the environment in any way.
[image: ]Another alternative to traditional Styrofoam based helmets is  a new material called Koroyd. When examined most typical helmets and high end helmets were found to offer the same protection so this material was made from inspiration out of it. It is made from thermally wielding miniature tubes together to create a sheet of tubes that will crush upon a heavy impact which absorbs the impact in a effective and safe way. But instead of like other materials used in this sense it is not held together by sticky adhesives or glues. This makes it quite difficult to manufacture so as a alternative they have to have each tube created with a co-polymer extrusion process where it has to have multiple layers one big and one small. The sheet can then be bent into three dimensions to go around a persons head shape. But unlike EPS this material cannot only buckle and crush from impact like EPS it can also provide dampening to low energy impacts by elastically deforming. These low energy impacts usually is a problem for Styrofoam helmets but not with this material.
After looking into alternate forms of the helmet there were not too many more which seemed unique or even a “improvement” over the normal Styrofoam helmet. In this case I believe one of the two materials I have found above are suitable for a replacement in bike helmet inner lining. After consideration I believe the best replacement material for the polystyrene foam in helmets is the Cellufoam rather than the Koroyd. I think this because Cellufoam is a more environmentally friendly helmet overall than the Koroyd, it is fully bio degradable so once the cellufoam layer in the helmet has been used up in the impact of a accident it can be disposed of easily has it will degrade into nothing. Whereas the Koroyd is a plastic substance much like the polystyrene but can withstand more force and is probably a more safer material than it. A big downside to this though is the likely production cost of a material such as this. This is because of the more difficult process the material has to undertake. As it has to have multiple layers to which both have different thickness makes it a harder material to work with and most likely a more expensive one as with the typical helmet it is just polystyrene which is a easy to work with material.
Cellufoam I think is a much more suitable material to work with in the inner liner of the helmet. It is made up of biodegradable materials to which all of are wood based. It is made up of nanocellulose from wood pulp which makes it both renewable and biodegradable. As it mainly made up of wood pulp the material is also easy to produce and likely very cheap to form and make up into the liner as it will probably use a mould as well so the manufacturing process would not change much.
A change from polystyrene to cellufoam would boast many advantages over the older material. For example it would be more environmentally friendly with its renewability and it can biodegrade and when made does not effect the environment unlike that of polypropylene which is a plastic. It also remains at roughly the same cost to produce as what it mostly takes it wood pulp which is an easy to produce material and also cheap produce as evident when looking into paper which its main material is also wood pulp.
The manufacturing method to be used for the new material in the helmet inner liner would be different compared to the original method of polystyrene beads into a mould. This way would involve putting the wood pulp and adding water with a bio based foaming agent to keep it biodegradable and then additives to from a unique mixture that would then be heated and dried out to form the solid form of the cellufoam. The mixture before the heating and drying would most likely be placed into a mould to gain the shape of the helmet inner liner so it can then be used and attached to the main body of the helmet. The cost for the process would be purely based upon the materials cost for the cellufoam as the drying does not take much heating to do which makes it cheap to product and if not cheaper than the polystyrene foam. Some things to consider is the temperatures to which the cellufoam must be heated and how much of the bio based foaming needs to be used and how expensive. If too expensive may not be the best option to replace the polystyrene. Another design consideration may be how the mixture is made into the actual helmet because in the mould could take more time to settle or may set wrong causing the material to be a bust. A consideration for the design could be found within the vents in most typical helmets. In most helmets there are holes in the top for ventilation to the head but it works directly against the structural strength of the helmet so by removing the holes it would make the helmet even stronger and therefore safer against strong impacts. One thing to think about is as the helmet is biodegradable if it could instead be altered to be recyclable instead to produce less waste.
In conclusion, I would replace the normal bike helmet inner layer with a different material made up of a newly developed one named cellufoam. This would provide a lot of advantages to the bike helmet such as less harm to the environment and more renewability. It also stays around the same cost to product due to cheap materials of wood pulp and a cheap manufacturing process only requiring a few things to be added.
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