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[bookmark: _Toc5357548][bookmark: _Toc5487119]Abstract (Raoul)
This is a report into the improvement of composite materials through research and practical testing. The initial research involved how the current products get damaged and the forces that cause the damage. Once this was completed research was carried out into the materials and manufacturing processes currently used in the production of the highlighted products. Testing methods were then researched to find the most suitable method to further investigate the materials selected from the research. After this the materials were ordered, and the mould machined and prepped. Once the materials had arrived the panels along with the abrasion rig were then made up and cut to size. Finally, the panels were tested according to the research carried out, before the results were analysed, and the project concluded. The results show that the current industry standard may not be the most suitable material for the application.
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[bookmark: _Toc5487123]Introduction (Josh)
[bookmark: _Toc5487124]Aims 
The aim of the project is to improve composite materials in the extreme sports industry. This will be done by doing some secondary research into the following areas:
· How composite materials are currently used in sports equipment.
· How damage is caused and measured.
· Current levels of impact and abrasion resistance in composite materials.
· Research alternative methods to improve current materials and their properties.
· Research different manufacturing methods used to improve the performance of composite materials.
· Research testing methods for abrasion and impact resistance.
· Research how to improve implementation and application of materials and manufacturing processes.
· Compare the current materials, manufacturing processes, applications and testing methods to the ones we have found in our research.
Some primary research will be undertaken to further expand upon the research:
· Construct test panels using different materials and manufacturing methods.
· Practical testing of test panels for impact and abrasion resistance.
· Collating the results from the testing.
· Analysis of the practical test data and comparison with prior research.
[bookmark: _Toc5487125]Objectives 
Using methods that have been learnt in our academic learnings, such as project planning and management. These will be used to manage and track our time as well as motivate and direct our time as a team.
The team is tasked with looking into how industry are currently doing tasks including; what is currently being done to solve the issue and the current materials and manufacturing processes that are being used. 
[bookmark: _Toc5487126]Project Organisation (Josh)
Before the team had their first meeting, the team were tasked to do some initial background research so that everyone knows what the industry is currently doing and had a couple of ideas on how to advance it. It was then decided that the team did not need a team leader as it was such a small group, therefore, it was decided to run the project as a democracy. The team relied on each other to motivate and direct ourselves. 
Over the first couple of meetings, the team discussed several points. These included discussing sports product application and use on composites in the industry. As well as setting out deadlines and goals along with targets. A specification was then produced with approximated timing and used to assign individual task amongst ourselves and set out a Gantt chart, timeline, network diagram including a critical path. 
Which lead to arranging a group meeting with Kelvin Lake in which it was discussed the several directions that the project could be taken. “should we be trying to create a solution to the problems with carbon fibre sports equipment using additional materials or manufacturing techniques,” which is what was discovered is predominately what industry are doing, according to our initial background research. “or should we be trying to improve composites them self via different weaves, layups, methods or resins?” (Lake, 2018). Kelvin suggested that we look into the latter as that is the next step and the results are more likely to be relevant to the whole industry rather than specific sports. 
[bookmark: _Toc5487127]Joshua’s roles and tasks 
My role within the team was Organisational Director; as which I was in charge of taking minutes of meetings, formatting and collecting research for viva presentation, organising and running the team in terms of deadlines by updating the project plan, keeping us on track. Furthermore, I under took individual research tasks including product application and materials research.
[bookmark: _Toc5487128]Raoul’s roles and tasks
My role within the team was Communications and logistics Director; this meant that I was in charge of communicating between the team and the university staff including any questions we had on the practical testing equipment available or university suppliers as sources for materials. Due to ongoing difficulties with the team’s industry consultant I also undertook their role in part. I also took charge of logistics such as room bookings for team meetings and sourcing materials for testing. As for tasks I researched current applications, damage, manufacturing and testing methods.
[bookmark: _Toc5487129]Peter’s roles and tasks
My role within the team was Industry consultant. My duties involved coordinating all the correspondence between the group and businesses/industry insiders. Throughout the project I was responsible for gathering vital and relevant information and advice from specific composites experts. In addition to this role, I also had a number of individual research tasks to perform. This consisted of, outlying the current applications of composite materials within skateboarding. I was tasked to establish the existing standard levels of impact and abrasion resistance of carbon fibre and to research how altering the layup or weave used could affect these two factors. 



[bookmark: _Toc5487130]Summary of Research
[bookmark: _Toc5487131]Research current applications (All)
[bookmark: _Toc5487132]Skiing + Snowboarding (Josh) 
In the ski industry commonly uses sandwich, capped and torsion box constructions techniques that require composite layers. These layers give the skis strength and torsional stiffness. Composites layers are arranged on both the top and bottom of the core or wrapped around in terms of torsion box or capped construction. The function of the composite layers is for structural integrity. The core separates the composite layers increasing the second moment of area so the stiffer outer composite layers are further away from the centroid and therefore, increasing  and  second moment of area also increases (Mastrogiuseppe, October 2007 ). These composite layers can be constructed from many different materials, fibre glass is a common material this uses glass fibres and an epoxy resin matrix which is used to combine and hold all the parts of the ski together (Mechanics of Sport, n.d.). the construction of the ski with top sheets, side walls, edges and bases all add a factor of protection to the composite layer, if composites can be improved this would no longer need to be a factor and weight and manufacturing processing time could be saved. (Brimecombe, 2019)
[bookmark: _Toc5487133]Kayaking (Raoul)
Carbon fibre was first introduced into canoeing over thirty years ago it is used as the primary material in many Kayak paddles to provide stiffness whilst keeping the weight low. Carbon fibre was used as a replacement to fibreglass or more traditional hardwoods. This resulted in a large improvement in performance at the elite level with falling world record times and faster course records. Carbon fibre is now used in almost half of paddles used in the UK (Chappell, 2018)
Kayak paddles require a high level of stiffness to improve the transfer of power between the paddler and the water. The stiffer the paddle the less energy it will absorb therefore, there would be a higher percentage of the energy put in by the paddler would be transferred through the paddle into the water propelling the boat forward. This causes an inherent problem because in order to resist damage from an impact the material needs to absorb and dissipate the impact energy. (Robertson, 2019)
Kayak paddles are designed to be lighter so that the paddler is expending less energy holding them up leaving more to be used pulling them through the water. Carbon fibre paddles were originally designed for elite athletes to use to give them a performance boost. Since then the technology has become far more widely used in the industry to the point now where most “regular” paddlers use either Full carbon or a mixture of carbon and other composites in their paddles. (Robertson, 2019)
Carbon fibre, however, was not perfect, compared to the previous fibreglass products it was a lot more fragile. This resulted in more broken boats and paddles until a carbon Kevlar hybrid was introduced around 1990. (Robertson, 2019)
[bookmark: _Toc5487134]Skateboarding (Peter)
Impact deck technology 
Impact decks utilise carbon fibre in conjunction with a traditional Canadian Maple plywood construction. All impact decks are guaranteed for 45 days without breakage. Below, are three different models within the impact technology collection. The original impact support construction consists of eight plies of Maple with two discs of unidirectional carbon fibre laminated flush into the bottom ply on the underside of the deck directly over the mounting holes for the trucks. The intention behind this technology is to eliminate stress cracks that are commonly formed along the length of the board originating from the mounting holes. As well as this the decks are less likely to snap around the tail and knows along the edge of the trucks base plate. This is achieved by dispersing the energy throughout the day instead of concentrating it around the trucks.
[image: https://www.easternskatesupply.com/BP/impacttech.jpg]The midrange impact technology deck is known as impact light. Instead of carbon fibre rings on the underside of the deck, impact light is constructed with seven plies of Maple and a die cut unidirectional carbon fibre insert in the top ply of the deck. The lamina spans the centre of the top ply stretching from halfway up the nose, down length of the and through to halfway up the tail of the deck. This implementation is designed lighten and stiffen the deck thus increasing its responsiveness and “Pop”. The premium impact technology deck is called impact plus. It is a combination of impact support and impact light and encompasses both the two carbon fibre discs around the truck mounting holes as well as the carbon fibre top ply insert. (Impact Skate, n.d.) [bookmark: _Toc5487178]Figure 1 Impact deck technology (Easternskatesupply.com, n.d.)

P2 deck technology  
[image: http://p2skateboards.com/images/flyer/1.jpg]P2 skateboard decks have a similar construction to impact light decks. However, instead of a unidirectional carbon fibre insert they are manufactured with a woven aramid fibre insert. P2 decks are also covered by a 45-day guarantee against breakage and their marketing claims that P2 decks are 100 times stronger than conventional wood decks. (P2skateboards.com, n.d.)



[bookmark: _Toc5487179]Figure 2 P2 deck technology


Lib Tech: Cockroach construction 
Cockroach construction decks are comprised of two constitute parts. The outside “Exo-Skeleton” made using Birch for both the nose and tail tips (1) and the side rails (2). Birch has good impact and abrasion resistant qualities. 
The inside “Guts” comprise of an Aspen wood core for weight reduction (3) and a Bi-axial Fibreglass spine for increased stiffness and rebound (4).  
Lib Tech use an Environmentally friendly epoxy resin to bond all the laminates together. Epoxy is a very aggressive bonding agent that produces a strong and hardwearing product (5). Below, is an illustration of the different elements involved in Cockroach construction. (Lib-tech.com, n.d.)


[bookmark: _Toc5487135]Research Damage (Raoul)
There are many ways in which the products could be damaged. In order to find key areas in which the products were failing, a survey was created and posted on prominent social media pages within the kayaking community. The response was larger than expected (over 400 responses in 24 hours), however, very helpful.    
The results of the survey showed that 99.8% of people who said they have owned a paddle said that they have damaged or broken one. This is an extraordinarily high percentage when the price of the product is taken into account. The survey also showed 46.9% of paddles represented in the survey are manufactured completely from carbon fibre and a further 16 % used carbon fibre somewhere in the paddle. When It came to construction of the paddle the majority of respondents (64.8%) said that their paddle was constructed from a shaft (the long tube in the middle of the paddle) which had two paddle blades adhered to the ends using epoxy resin. This is the main cause of failures after the joint between the paddle and the blade because of the large sudden reduction in the thickness of the material a weak point is created however only 14.9% of people said that their paddle broke in this area whereas over 50% of respondents said that their paddle broke either in the middle or at the tip of the blade. (Chappell, 2018)
over 62% of respondents stated that their paddle was damaged due to impact and 15.2% stated the damage was caused by abrasion. This shows that impact resistance is the bigger issue in terms of how the product is breaking and therefore, what the report should focus on improving. The survey showed that 43% of respondents said that their paddles were broken beyond repair this is due to the brittleness of the composite matrix. This is a high number taking onto account that the majority of people who have owned one have broken one. Only 27.4% of respondents said that their paddles lasted more than two years however 57.3% of respondents said that they were happy with how long their paddle lasted before breaking. (Chappell, 2018)
It is clear from these survey results that impacts are the larger cause of failure in the product and that a large portion of respondents were not happy with the length of time that their paddle lasted before failure. This is where this report needs to focus in terms of getting the largest benefit from any changes made. Another area to look into would be whether it is possible to make the material and therefore, the products easier to repair. From a discussion amongst the team it was decided that skateboards and skis are damaged in a similar way to paddles.
[bookmark: _Toc5487136]Research Current Levels of Impact and Abrasion Resistance (Peter)
CES EduPack 2018 was used to acquire reliable and accurate values for the current levels of impact resistance of carbon fibre. The industry standard and most commonly used carbon fibre cloth is 3K 2/2 twill 200 gsm. 
The current level of Impact resistance for the industry standard carbon fibre is 104.32 K/m^2 for a notched panel. However, this value is not comparable to group’s test results as the testing method and panel dimensions used were not the same. Unfortunately, Abrasion resistance values were not available via CES EduPack 2018. 


[bookmark: _Toc5487137]Research Materials (Josh)
The research into the materials, looked at the individual components of composites. The component that the team looked at were; Fibres, Resins, Cores and Additional fillers. These components make up composites and by changing the material that these components are made from, would therefore, alter the mechanical properties of the overall composite. This research was under taken to improve these mechanical properties, specifically impact and abrasion.
The research task was to look at the materials in composites and look to improve the individual material in the hope to improve the composite. 
[bookmark: _Toc5487138]Fibres
Fibres were looked at to improve the resistance to both impact and abrasion. At first the industry standards were looked at these where Carbon, Glass and Aramid fibre. This research was then expanded on too other materials that are not normally used in composites, in the sports industry at least. This research saw the investigation into metallic, ceramic and diamond, which are hard materials this would increase their abrasion resistance and it would be interesting to see. The effect of this on the impact resistance. Plastics were also pin pointed as a possible fibre option, which would possible have an increase in performance in terms of impact resistance.
[bookmark: _Toc5487139]Resins 
Resins were investigated in a similar way to the fibres, initial research into what is commonly used within the extreme sports industry, this research suggested that resins used where thermosetting plastics such as Epoxy, Polyester and Vinlyester plastics. Research into thermoplastic plastics looked at a wide range of plastics including: Acrylonitrile butadiene styrene, Acrylic, Nylon, Polystyrene, Polyvinylchloride, Polyethylene, Polypropylene (HDPE/LDPE), Teflon and Polycarbonate. These plastics where all looked at and evaluated based on the impact and abrasion resistance.
Resins where chosen as the matrix is a large percentage of the composite. In both abrasion and impact as the matrix is the most important factor, as the fibres do not aid significantly in the direction of impact or for abrasion of the end grain.
Acrylonitrile butadiene styrene (ABS) was chosen for its impact resistance at Low mould temperature gives a high impact resistance and High mould temperature giving a lower impact resistance. our research also shows that abs has an impact resistance of 290 J/M according to (Korea Kumho Petrochemical Co., Ltd, 2013). Nylon was also chosen as it has a good abrasion resistance due to its material properties such as its hardness. 
[bookmark: _Toc5487140]Cores 
Cores were investigated as a core in the centre of composites aids in stiffness as it increases the second moment of area with is utilised in sports application such as skis. The team would have liked to do some primary research in to this as our secondary research what core are out there and possible other materials that absorbs impacts but the results on impact resistance of the composite is unknown.  
[bookmark: _Toc5487141]Additional Fillers
The team looked at graphene powder which the research was based off (Global Cycling Network, 2017) and (GCN Tech Show, 2018), this looks at the uses of graphene powder in resins in sports equipment specifically bike frames.


[bookmark: _Toc5487142]Research Weave (Peter)
There are many different varieties of weaves used in composite cloth production. 2/2 twill weave is the most commonly used weave full carbon fibre. This is because it produces a visually aesthetic result as well as being the easiest weave option to work with.  It is a very user-friendly style of weave as it has desirable draping characteristics that allow it to be easily used to in complex mould shapes with tight angles. A 0/90 also known as a plain weave is the most basic of weaves available. It offers the highest level of impact resistance of any weave used in composite. However, it has poorer draping characteristics compared to 2/2 twill. As a result, plain weave composite of most commonly [image: Image result for composite weave types]used for products that are flat with very few radiuses. [bookmark: _Toc5487180]Figure 5 Weave examples (Khatavkar and K., 2016)

As well as the weave pattern, the weave density also plays a significant factor in a class impact resistance. The density of a composite cloth such as carbon fibre is denoted by its K rating. A K rating refers to the number of individual strands (in thousands) of carbon within each of the yarns in the warp and weft of the weave. For example, a 3K cough means that there are 3000 strands of carbon fibre within each of the yarns. The denser the weave the higher the impact resistance. 
There are a number of alternative weaves that are also used within composite class. Such as, basket weave, harness weaves, satin weaves and leno weaves. Each of these alternatives have their own characteristics and applications. However, they are less commonly used than plain and twill weaves within the industry. 
When comparing the weave type used in a composite cloth with the same weight and K rating, the type of weave used has very little bearing on its abrasion resistance. The composition of the material itself as well as the matrix used to bond and cure it have a far more significant determining factor on the cloth’s abrasion resistance. 
[bookmark: _Toc5487143]Why it was chosen to test and compare resins and not weaves and layups 
This was done as a method of obtaining reliable and comparable results. We ensured this by reducing the number of control factors to be compared and to only focus on the variables that have the most significant determining factor on the impact and abrasion resistance of carbon fibre. The variable that was chosen to be analysed and compared was the resin matrix. In order to keep the results consistent, all the other variables that could affect the impact and abrasion resistance of the test panels were kept the same throughout the testing. This included the cloth’s material composition as well as the weave of the cloth amongst other variables. It was chosen to use the industry standard of 3K 2/2 twill 200 gsm carbon fibre. 


[bookmark: _Toc5487144]Research Manufacturing methods (Raoul)
[bookmark: _Toc5357572][bookmark: _Toc5487145]Research how the products are currently manufactured 
Paddles are currently made by a number of different methods one is CNC machining a foam core which is then laid up with the carbon fibre and a small amount of resin before being infused with resin to fully wet out the part once cured the paddle is trimmed and coated in a clearcoat to finish the part. (Calisch, 2013)
Another method of manufacturing paddle is to CNC a core out of structural foam and use a wet layup around the foam which is then put in a vacuum bag and put under pressure before being placed into a mould. The mould is then heated to cure the resin. The paddle is left to cool before being removed from the vacuum bag and finished. Skis are manufactured very similarly to this except the skis use a wooden core (eskimo1973, 2013)
full carbon skateboards are made slightly differently to paddles they are made by using a negative mould which the carbon fibre and the resin is then wet laid into the mould with any filler layers before being put under pressure in a vacuum bag and allowed to cure at room temp before finishing
Skateboards that incorporate wood and composites are made using a shaped press to form the deck which is then trimmed out and shaped before the final components such as trucks and grip tape are added (LITHE, 2019)
[bookmark: _Toc5357573][bookmark: _Toc5487146]Research potential manufacturing methods 
Multiple potential manufacturing methods were researched, and the best three methods were chosen these are the autoclave, hot-press and resin infusion methods.
Autoclave 
An autoclave is essentially a pressure cooker oven. Once the material has been prepped in the mould it is placed in the autoclave a vacuum is then drawn on the part in the mould up to 1bar whilst this is happening the part can be checked for any leaks of distortions that could affect the part. Once checked the autoclave door is shut and the pressure and temperature are set the autoclave then goes through its “ramp up” phase where the pressure and temperature rise to the set temperatures. After the target pressure and temperature are met the curing phase begins once this ends the temperature and pressure return to normal during the “ramp down” phase. Once the pressure is equal inside the autoclave and outside it and the temperature is low enough the door can be opened and the part can be removed to finish cooling. (Tibbot, 2017)   
The autoclave accelerates the manufacturing process due to the addition of heat and pressure it causes the resin to cure faster. The autoclave also benefits from being able to increase the pressure atmospherically creating pressure in every direction allowing for far more complex part geometries. It also benefits from a much larger size than the hot press and is ab   le to increase the pressure more than infusion would be able to. (Gunstone, 2014)
The autoclave also has its disadvantages the ramp up and down times are much slower than in the hot press. The autoclave also uses more consumables such as vacuum bag peel ply and “fluffy” (absorbent fabric) than either of the other methods. Finally of the three manufacturing methods the Autoclave is the most expensive both in capital cost and in running cost. (Gunstone, 2014)
Hot press
The hot-press much like the autoclave uses heat and pressure to accelerate the curing of the composite parts. Once the part is prepped in the mould it is placed into a preheated hot-press. The hot-press door and the press are then closed applying pressure to a pre-set value. Once the pressure and temperature parameters are met then the curing phase can then begin. Once the curing phase has finished the press is opened and allowed to cool partially before the mould is removed and opened releasing the part (Tibbot, 2017)
The hot press has a faster ramp up/down time compared with the autoclave and is considerably cheaper in capital cost and cheaper to run. The hot press also uses the least consumables (just release agent). (Gunstone, 2014)
The hot press has its disadvantages, it is limited in size meaning that some things could not be produced in a hot press. The hot-press also only applies pressure in one direction this means that some part geometries are not possible and causes more defects in the more simple parts than the other two methods. (Gunstone, 2014)
Infusion 
Resin infusion uses a vacuum pump at one end of the part to draw resin from a pot at the other end of the part wetting out the dry fibre in the process. Once the fibre is completely wet out the pipe going to the resin cup is clamped off causing the part to be put under pressure squeezing out any excess resin. (Tibbot, 2017)
Resin infusion is the is the cheapest method of manufacture in terms of capital cost. It is also cheaper to run because it runs at room temperature and doesn’t create as much pressure as either of the other methods. Resin infusion has lower tooling costs because cheaper materials can be used due to it not needing to conduct heat like in a hot-press or be put under as much pressure. (Tibbot, 2017)
Resin infusion doesn’t get as close to the optimum resin-fibre ratio as the hot-press or the autoclave because it doesn’t create enough pressure resulting in heavier part. Resin infusion also takes longer to cure than the other two manufacturing processes because it doesn’t use heat to accelerate the cure (Tibbot, 2017)
Additive Manufacturing
Fused deposition modelling (FDM) is a process by which a heated material filament is deposited layer by layer to form the body of the part. This type of manufacturing can reduce lead times on parts by 30-50% even with more complex part geometries compared to traditional manufacturing methods due to not needing specific tooling. (Chappell, 2019; Tibbot, 2017)
Additive manufacturing composites (3D Printing) is a new area that could be interesting to compare with the more traditional processes however there isn’t enough data to make comparisons with so new practical data would need to be obtained 
Process for manufacturing testing panels 
It was decided that the hot press would be best suited to the manufacture of testing panels for this project this is because the panels will be flat so the unidirectional pressure application should not cause an issue and the process as a whole produces parts faster than the autoclave and produces better parts than resin infusion.
[bookmark: _Toc5487147]Research Testing methods (Raoul)
[bookmark: _Toc5357575][bookmark: _Toc5487148]Impact testing
Impact testing is used to find a materials resistance to damage under impact.
Charpy impact testing
Charpy impact testing is a test by which the sample is held vertically in a vice from the bottom a large swing arm is then raised to a pre-set height and released. When the swing arm impacts the material some of its energy will be transferred into the test specimen so when the arm swings back up the other side the height it reaches can be used in calculating the energy transferred and therefore, the minimum amount of energy required to cause a critical failure. (Westmoreland Mechanical Testing and Research ltd, 2019)
In comparison with drop weight impact testing and some other forms of impact testing Charpy impact testing benefits from the ability to quantify the energy absorbed by the test panel. Charpy testing also benefits from a large reduction in potential human error.
Izod impact testing
Izod impact testing is very similar to Charpy impact testing in that the sample is struck by a swing arm and the energy absorbed is calculated using the height of the remaining swing after impact, however in Izod impact testing the sample is held vertically rather than horizontally and the notch (in notched tests) is facing towards the striker rather than away from the striker in Charpy tests. (Westmoreland Mechanical Testing and Research, 2019)
Like Charpy impact testing the Izod test benefits from quantitative results 
Drop weight impact testing 
Drop weight impact testing is the closest simulation of how the products are damaged in use. This involves a known mass attached to an impact head being dropped from a known distance onto the test material and then assessing the damage. Unlike Charpy and Izod impact testing drop weight impact testing does not provide quantitative data. (Fall, 2019)
Although drop weight impact testing is most like the situations that would cause damage in the real World it does not provide quantitative data which makes it very hard to assess the energy absorption of the test’s specimen. The test specimens for drop weight testing are also much larger, requiring more material to be used.
[bookmark: _Toc5357576][bookmark: _Toc5487149]Abrasion testing
Abrasion testing is used to find the reduction in size of certain materials when exposed to abrasive situations There are a few methods of abrasion testing, these include the Taber abrasion test Los Angeles abrasion test machine and the Taber oscillating sand test.
Taber Abrasion Test 
In the Taber abrasion test the material is bolted centrally to a spinning bed the edge of the material is then clamped down. two abrasive wheels of known grit are then lowered onto the material and masses are attached to the arms holding the wheels. The bed is then spun a set number of revolutions and the loss in mass is measured and with some simple calculations the loss in mass per revolution can be calculated (Taber industries, 2019)
The Taber abrasion test is a widely accepted method of abrasion testing; however, the university does not have a Taber abrasion test machine additionally, this test does not represent the abrasion seen on the products well.
Los Angeles Abrasion Test Machine
The Los Angeles abrasion test involves placing the test specimen in a large drum with a set number of steel balls the drum is then rotated at a set speed for a set number of revolutions the decrease in size of the test material is then measured and recorded (The Constructor, 2019)
The Los Angeles abrasion test machine is a commonly used method for abrasion testing all surfaces of a material, however, due to the anisotropic nature and brittleness of CFRP’s this test method is unsuitable for the testing required for this project.
Taber Oscillating and Test
The oscillating sand test involves securing the test specimen into the bottom of a tray held on a horizontally oscillating bed before pouring a set amount of a known abrasive into the tray and setting the test machine to oscillate for a set number of cycles after which the transmissivity of the specimen with regards to light is re-measured and the difference recorded (Taber industries, 2019)
The oscillating sand test is another widely accepted method of abrasion testing. However, to measure the abrasion damage the transmissivity of light through the part is measured before and after. Due to the very low transmissivity of CFRP’s this test would be unsuitable for the testing required in this project.
[image: ]Self-built Abrasion Rig
Due to the unsuitability and unavailability of the known methods of abrasion testing, it was decided that an abrasion test rig would be designed and created as part of the project, in order to do this consideration of where the abrasion is acting on the product was given and a test to test abrasion was designed. It was observed that the products abrade most on the edge of the carbon fibre. So, the material was held vertically in a clamp with 5mm of the test specimen protruding from the top of the clamp. The sanding block (80 Grit) was then placed into the box and weight stacks were placed on top of it. The sanding block in the box was then placed on top of the edge of the test specimen and pushed along the length of the sanding block a set number of times. This causes the same abrasion to every panel and has the same force applied through the sanding block very time to provide comparable results. The abrasion rig built is the most accurate simulation of how the products are abraded when in use [bookmark: _Toc5487181]Figure 1 Abrasion Rig

Methods chosen for testing
In terms of impact testing the Charpy impact test was chosen because it provides quick quantitative data that is easy to analyse. For the abrasion testing the team created their own system for testing this as the university did not have an abrasion tester and the one created was the most applicable to the products anyway.
[bookmark: _Toc5487150]Application of Research (Raoul)
[bookmark: _Toc5487151]Materials
[bookmark: _GoBack]The materials researched could provide a large improvement over the current materials used however the thermoplastic resins would provide much better impact resistance most are softer than epoxy resin, therefore, would have less abrasion resistance. Therefore, it would be a trade off as to which is most important in each of the applications.
[bookmark: _Toc5487152]Manufacturing processes
The manufacturing processes researched are already being used in the industry and would not make a difference in terms of impact and abrasion resistance.


[bookmark: _Toc5487153]Summary of Practical Testing
[bookmark: _Toc5487154]Construction of panels (Josh)
The initial secondary materials research enabled the team to decide that resins would give us the best results. As from our research it was estimated that the matrix would be the factor that would be a large if not the largest difference in terms of size of margins, between each variables as the matrix is a large percentage of the composite and in both abrasion and impact as the matrix is the most important factor is the matrix as the fibres do not aid significantly in the direction of impact and for abrasion to the end grain.
The panels where to be constructed using a two by two twill 3K 200g fabric, with a 0 - 90 weave direction, laid up in an 8-ply wet layup construction. Into a two-part mould which was placed into the hot press with 3 metric tonnes of pressure on it at 220 degrees Celsius (Plate temperature). This meet’s point 10 of the specification. Test samples are required to be 100mm x 25mm to fit in the impact tester. A total of 8 test samples where required 4 for abrasion and 4 for impact. To construct these the 1m2 of carbon fibre, two by two twill was cut in too quarters leaving a 250mm square of material per variable (resin type). This is the cut into 8 pieces of a size of 125mm x 250mm. There were 8 test samples required at the size of 100mm x 25mm, the size of the panel left 25mm each side of the samples and 12.5mm on the long lengths.
[bookmark: _Toc5487155]Epoxy
The team decided to test an epoxy resin, as it is a common resin in the industry and high-end parts tend to be constructed using epoxy resin due to its ability to adhere to most materials and its higher stiffness modulus. The resin that was used was an infusion Epoxy (IN2) mixed with a Formulated Amine hardener (AT30) at a ratio of 100 parts resin to 30 parts hardener, (30%) by weight. It was then added to the carbon with a 50:50 weight ratio. The carbon fibre for the panel equals 50 grams as it is a quarter of a meter squared which is 200 grams (200/4=50). (Easycomposites, n.d.)
[bookmark: _Toc5487156]Polyester
The team used an IP2 Polyester resin mixed with a MEKP Catalyst Hardener as polyester is used in the sports industry for cheaper components and lower performance parts. it was similar added to the carbon fibres in a 50:50 weight ratio again working out as 50 grams. (Easycomposites, n.d.)
[bookmark: _Toc5487157]ABS
Acrylonitrile butadiene styrene (ABS) was used as the research suggested that it had high impact mechanical properties and characteristics. We used 3D FDM ABS printer filament and cut it up then deposited it in the mould which we then tried to melt with only some success in the oven, the fibres were then laid on top and cured in the hot press. When the sample was removed from the mould it was discovered that the plastic did not impregnate the fibres this was due to the plastic being to viscus. This meant the panel could not be tested.
[bookmark: _Toc5487158]Nylon 
A similar process was to be followed with the Nylon as was conducted with the ABS, but during heating the plastic smoked and burnt, the material had to be ventilated and cooled down. The material was unviable, and the fibres where not added so the panel was not constructed. When the plastic was unviable the team tried HIPS, this melted more like ABS. So, the team instead 3D printed test samples which were then tested, although the tests are not completely comparable.


[bookmark: _Toc5487159]Testing Methodology (Josh)
[bookmark: _Toc5357581]The team the test panels that were viable where then cut up into the require amount of test samples.  These samples where then impact tested using the Charpy impact tests. The machine was charged (the hammer lifted to set height to give the head 300J of potential energy), test samples were placed in the clamp in the bottom and then impacted and the dial read, to get the energy absorbed by the impact. This will be repeated 4 times per variable and results recorded. 
The abrasion tests were conducted in similar fashion to impact tests. Test samples were first measured on both the left and right sides to get an initial value, an micro meter (0-25mm) was used to measure the samples. It was then clamped into abrasion rig, place abrasion block into box and weighted with 2kg. Then passed over the sample with the full length of the abrasion block right to left, 10 times. Then the sample was measured again, and measurement was recorded. The difference was calculated between initial and final value. An average was taken of all 4 repeats.
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[bookmark: _Toc5487160][image: ]Results (All) [bookmark: _Toc5487208]Table 2 Impact Test Results
[bookmark: _Toc5487206]Table 1 Abrasion Test Results

Table 1 Abrasion Test Results

Table 2 Impact Test ResultsTable 1 Abrasion Test Results

[bookmark: _Toc5487207]Table 1 Abrasion Test Results
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[bookmark: _Toc5357582][bookmark: _Toc5487161]Analysis of results (Raoul)
During the research for this project, some predictions of the outcomes for the results were made these were the epoxy would abrade less than the polyester due to it being a harder material. The epoxy, however, is a much more brittle material meaning that it would not absorb as much energy during the impact test. 
The results of the practical tests confirmed the predictions with the epoxy matrix CFRP abrading by 0.18mm less than the polyester matrix. This was to be expected due to the softer polyester resin, this can be likened to soft or hard compound tyres in motorsport racing.
The results also showed that the epoxy matrix CFRP absorbed less than half of the energy that was absorbed by the polyester matrix, this is also the result of the polyester resin being a softer material allowing it to elastically deform a greater distance before reaching critical failure. 
During the impact testing, the initial polyester test specimen produced a result that was far higher in terms of energy absorbed than the other test specimens, this gives reason to suspect that this result is an anomaly, this could have been caused by defects in the part such as air bubbles or dry areas of fabric within the test specimen.
During the construction of the panels we failed to manufacture a thermoplastic test panel. This is because the plastic would not melt completely in the case of the ABS or the HIPS meaning they were too viscous to permeate the individual plies of carbon fibre. 
In order to obtain some results for comparison with the epoxy and polyester it was decided that a set of test specimens would be additive manufactured (3D printed) using a carbon fibre short filled PETG filament. These results are not fully comparable because they were manufactured differently to the epoxy and polyester panels.
The results for the additive manufactured test specimens showed a lower resistance to both impact and abrasion. This was to be expected as the layers in additive manufactured parts have weak bonds between them this means that when the material abrades larger pieces tend to be pulled away from the panel.
The impact test results also show a lower resistance than the other materials this is likely due to the weak interfilamentous bonds produced in the panels. In order to negate this in the future the parts could be reheated in an oven to better adhere the filaments together. Another reason for the lower impact test results is that the additive manufactures panels are short filled meaning that the filament is filled with very short strands of carbon fibre which align themselves as the material is extruded trough the nozzle of the 3D printer. This results in the fibres not being able to dissipate the impact energy very far before reaching the end of the fibre.  



[bookmark: _Toc5487162]Conclusions (Josh)
[bookmark: _Toc5487163]Achievement and progress relative to initial project plan and timing chart (Josh)
The timings of each specification point where originally estimated during production of the Specification (10.2), this was then turned in to a Gantt chart (10.3), Network diagram (10.5) and a Timeline (10.4). These where kept up to date and used as guide to allow the group to keep on track. The initial estimated were over exaggerated therefore, if the project was to be done again it would only take 13 weeks rather than the 22 weeks listed in the initial Gantt chart (10.3) and Network diagram (10.5). Although due to this over estimation of individual task times this allowed for exams and the coursework and assignments for other modules which was not accounted for in the initial Timeline (10.4). 
In terms of what the team achieved during the project, a significant amount of research was carried out into materials and manufacturing processes. Primary research was completed by conducting practical tests for both abrasion and impact resistance. The investigate compared and evaluate the results. 

[bookmark: _Toc5357585][bookmark: _Toc5487164]Evaluations (Raoul)
[bookmark: _Toc5357586][bookmark: _Toc5487165]Review of successes and failures of the project 
The project was not successful in finding an improvement to the current standard carbon fibre epoxy matrix in terms of both impact and abrasion resistance, however, it was successful in finding an alternative to the current standard that may be more applicable in the extreme sports industry. This was the polyester resin which had much better energy absorption during the impact testing and was only a small amount worse in terms of abrasion resistance.
During the construction of the panels we failed to manufacture a thermoplastic test panel. This is because the plastic would not melt completely in the case of the ABS or the HIPS meaning they were too viscous to permeate the individual plies of carbon fibre.  And in the case of nylon the material started smoking profusely before melting so had to be abandoned.
As with most group projects the team struggled to work together at times however came together to finish the project by working to each other’s strengths. The team met weekly on a Monday from 11-1 and on a Friday with their project supervisor from 11.20-11.40. these meetings were well attended by most there were some issues with punctuality but once the group was together, they got on with the project.
On the whole the team worked well and became rather good at evolving the project to “roll with the punches” as it were. The project may not have been as successful as hoped but it was successful in finding an alternative that may be more useful in the extreme sports industries specified.
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[bookmark: _Toc5487167]Appendices 
[bookmark: _Toc5487168]Brief and Scope (All)
Brief: “Investigate a range of ideas that could improve composites in terms of their resistance to impact and abrasion.” Mountain river st.
Scope: “Look at how composites currently are affected and used, find alternatives through different methods of material research and manufacturing processes. Find a way of testing and conduct an experiment, then analysis the results and compare and analysis.” Mountain river st.
[bookmark: _Ref5294325][bookmark: _Toc5487169]Specification (Raoul)
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[bookmark: _Ref5294613][bookmark: _Toc5487170][image: ][image: ]Gantt Chart (Josh)
[bookmark: _Ref5294637][bookmark: _Toc5487171]Timeline (Josh)
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[bookmark: _Ref5294627][bookmark: _Toc5487172][image: ][image: ]Network Diagram (Raoul)
[bookmark: _Toc5487173]Abrasion Test Rig (Raoul)
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[bookmark: _Toc5487174]Test Panel Mould (Josh)
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[bookmark: _Toc5487176]Costings
Dry Carbon fibre 2x2 Twill 3k 200g 
36 test samples
Sample size (max estimate) = 10cm x 2.5cm 
Sample area (max estimate) = 25cm2 
Sample area x no. of samples = 25 x 36 = 900 cm2
Total sample area = 900cm2 = 0.09m2
Total sample area x plies = 0.09 x 8 = 0.72m2 rounded up to 1m2
Purchase Price from easy composites £21.50 per m2
Usage price £21.50 per m2 x 0.72m = £15.00
IN2 Epoxy infusion resin 
1m2 divided by 4 testing variables = 0.25m2
Needed 0.25 m2
1:1
Needed 0.25 kg of resin
Purchase Price from easy composites = £18.42 per kg
Usage price £18.42 per kg x 0.25kg = £4.61
IP2 Polyester resin
1m2 divided by 4 testing variables = 0.25m2
Needed 0.25 m2
1:1
Needed 0.25 kg of resin
Purchase Price from easy composites = £8.95 per kg
Usage price £8.95 per kg x 0.25kg = £2.24 
Hardener MEKP Catalyst for polyester resin
0.25 kg of resin
3% hardener needed
0.25 / 100 x 3 = 0.0075kg = 7.5g
Purchase Price from easy composites = £1 per 25g
Total purchase						Usage total
Carbon = £21.50 per m2 		+			£15.00	+	
Epoxy = £18.42 per kg		+			£4.61	+
Polyester = £8.95 per kg		+			£2.24	+
Poly harder = £1 per 25g				£0.30	
= £49.87 ex vat 						= £22.15
[bookmark: _Toc5487177]Minutes from team meetings (Josh)
[image: MOUNTAIN RIVER ST. ]Preparation for first group meeting on Monday the 22nd oct 18.
Group: -
Joshua Brimecombe 
Peter Payne 
Raoul Chappell 
Team name: -
Mountain river st.™
#TeamXtreme™
What needs to be done for the first meeting? :-
Background research
On sport specific application 
Relevant materials
Agenda for the first meeting (22/10/18)
Discuss background research, sports specific application and relevant materials.
Come up with specification and what needs to be done for project.
Set out individual rolls and tasks.
Mention democracy idea as there it's such a small group (it's the responsibility of the other to motivate the person who is slacking).
Setting key dates and deadlines. As well as setting out team and individual goals.
Set out targets for next week 
· Finish specification 
· Start individual roles 
Minutes from the first meeting (22/10/18)
Discussed team cohesion. 
Discussed deadlines.
· 23 weeks total
· 17 working weeks
· 3 weeks till poster
· 6 weeks till first viva
· Final submission of report and viva at the end.
Detailed conversation on application and understanding of the problem in sporting situations, and possible solutions to solve.
Paddles
· [image: /var/folders/dm/1zbyhdhd35b_chzfb57npy000000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/cidECAD582D-8D8E-2E45-90C2-6177636688DF.png]Impact fractures due to forces and weak spots 
· Key points wear the carbon fibre restrains the paddle design or function. 
· Aluminium tips stop abrasion cause delimitation
[image: /var/folders/dm/1zbyhdhd35b_chzfb57npy000000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/cid83C606BB-B443-9B4D-94FB-5C272DC1F650.png]Skate board
· Polymer layers
· End cap
· Active resin materials 
Skis
· Abs side walls
· Cores
· How ski edges are set into skis
Set meeting with kelvin lake (Friday @12:00).✔️
Arranged to speak to peters brother about additional materials
· Core
· Fillers
· Resins
· Polymers
· Next Monday @11-1
Didn't get on to
· individual tasks and rolls
· Brief 
· Specification 
· Gantt chart
· Goals and targets
Agenda for the meeting with kelvin (26/10/18)
Speak to kelvin about the objective of the project?
"Should we be trying to create a solution to the problems with carbon fibre sports equipment using additional materials or manufacturing techniques, or should we be trying to improve composites them self via different weaves, layups, methods or resins?"
Minutes for the meeting with kelvin (29/10/18)
Material science and improving the material its self 
Suggested research: Self-healing composites, Deleon
Agenda for the second meeting (29/10/18)
1st hour:
· Hand out assessment criteria, project briefs.
· Discuss conversation with kelvin.
· Discuss assessment criteria.
· Discuss project briefs.
· Write up brief. 
· Write up specification.
· Assign individual tasks and rolls.
· Set out goals.
· Set out targets.
· Start Gantt chart.
2nd hour:
Speak to Peters brother whom works in the industry.
Minutes for the second meeting (29/10/18)
Handed out assessment criteria, project briefs
Discussed conversation with kelvin and set our self a direction from want kelvin said.
Discussed assessment criteria, project briefs and clarified want is needed to be done.
Mind map Planning
Wrote a brief and a scope. 
· Brief: "Investigate a range of ideas that could possible improve composites in terms of their resistance to impact and abrasion."
· Scope: "Look at how composites currently are affected and used, find alternatives through different methods of material research and manufacturing processes. Find a way of testing and conduct an experiment, then analysis the results and compare to baseline values."
Wrote a specification.
· Research how composite materials are current used in sports equipment and their purpose   
· Research how damage is coursed and measured
· Research current levels of impact resistance and abrasion resistance of composite materials
· Research alternative methods to improve current materials and their properties
· Research different manufacturing processes used to improve the performance of composite materials
· Research methods of testing composite materials for abrasion resistance and impact resistance
· Research how to improve implementation and application of materials and manufacturing processes
· Compare differences in materials, manufacture, application and testing
· Make different test panels using different materials and manufacturing processes 
· Testing of composites made from different materials and manufacturing processes for abrasion resistance and impact resistance
· Results of the testing and research
· Analysis of the tests and research
· Conclusion of what we found out
· Recommendations on how to improve composites and there use in sports industry based on what we found 
Assigned individual tasks and rolls.
· Joshua research alternative methods to improve current materials and their properties
· Raoul looking into damage of carbon fibre sports equipment
· Peter ill
Agenda for the third meeting (5/11/18)
Start on project week get organised.
Continue with planning.
Continue research into specific individual tasks. 
Set out goals.
Set out targets.
Group project week plan:
· Planning
· Research
· Damage (coursed and measured)
· Materials
· Resins
· Thermosetting plastics
· Thermoplastic plastics
· Fibres
· Carbon
· Aramid
· Glass fibres
· Ceramics
· Metals
· Diamond  
· Manufacturing processes 
· Wet lay up 
· Infusion
· Prepreg
· Testing for
· Impact
· Abrasion
Plan Presentation.
20 slides
20 minutes
Minutes for the third meeting (5/11/18) + Agenda for the project week beginning (5/11/18) 
Started on project week:
5th - 9th of November 2018
· Planned the week out
· Planning; Monday + Tuesday 
· Research; Tuesday + Wednesday + Thursday 
· Presentation prep + power point; Thursday + Friday morning
· Agreed on working week (When)
· Every day from 8am - 4pm 
· Then continue at home
· Book study rooms for the week
Continue with planning:
· We wrote up spec with timings optimistic, probable and pessimistic times.
· added dependences.
· Made Gantt chat.
· Drew up network diagram. 
· Worked out slack time.
· Inputted slack in to Gantt chart.
· Used all data to make a time line.
Set out goals:
· Key points / main dates / assessment dates
· Presentation 
· Interim viva
· Final viva
· Report 
Set out Targets:
· Complete all research by Christmas.
· Have presentations put together week before deadline to enable us to practice.
· Start the report after Christmas and do it as we go.
Minutes for the project week finishing (9/11/18)
Continue with planning:
· Finalised specification and estimated timings
· Including dependences
· Completed Gantt chat
· Including slack time + dependences
· Colour coded for what is been completed and worked on 
· Completed digital Network diagram 
· Including slack time + dependences
· Colour coded for what is been completed and worked on 
· Finished Timeline
· Including a week’s holiday over Christmas
· Including slack time + dependences + possible sick days
· Colour coded for what is been completed and worked on 
Research (Josh) - Materials 
· Mind mapped current materials
· Decided on I needed to look at resins, fibres, cores and fillers
· Started research on resins
· Current resins
· Epoxy resin
· Vinlyester resin
· Polyester resin
· Possibilities to look at further  
· Mind mapped 
· Thermoplastic plastics
· Thermosetting plastics
· Properties of different resins
· Started research on fibres
· Current fibres 
· Carbon 
· Glass fibres
· Aramid (Kevlar)
· Possibilities to look at further
· Dimond 
· Plastic 
· Ceramic
· Metal 
· Over look on
· Cores
· Honeycomb 
· Metal 
· Kevlar (aramid)
· Air cores
· Plastic
· Foam
· Fillers 
· Graphene 
· Carbon powder
· Metal powder
Research (Josh) - Product application
Skis and snowboards 
· Stiffness 
· Light weight 
· Tensile strength
Skate boards 
· Stiffness 
· Light weight 
· Tensile strength
Research (Raoul's) – damage
Survey and results
Research (Raoul's) - Product application
Kayak paddle 
· Stiffness 
· Light weight 
· Tensile strength
Agenda for the fourth meeting (19/11/18)
Discuss feedback from presentation received on (16/11/18)
-72% each
Peters back
· Explain what we have done
· Show him power point 
· And catch him up 
· Give him a role and some direction
Quick progress chart + motivation speak
Going forward discussion
Continue with our research
Minutes for the fourth meeting (19/11/18)
Discussed feedback from presentation received on (16/11/18)
-72% each is good (1st)
Peters back
· Explained what we have done and what we have got to do.
· Show him power point and how we presented it and how we thought it went and the feedback + benefits (lessons) we got from it.
· And court him up on who's doing what and who has done what.
· Give him some direction.
Quick progress chart + motivation speak
Looked at are plans to see:
· what needs to be done.
· What's coming up.
· If we are on, behind, or ahead of schedule. (on schedule)
Going forward discussion
· knowing where we are at, we can look forward to what is ongoing and what's coming up
Continue with our research
Speak with Peters brother
· Ask if we can use logo, data and materials
· Ask about materials and methods
Presentation 
Slides (21)
2. Title 
2. Brief 
2. Scope
2. Specification
2. Gantt chart
2. Timeline 
2. Network diagram
2. Product application - kayaking 
2. Product application - skiing
2. Product application - skateboarding
2. Damage overview 
2. Damage measured
2. Damage task
2. Survey on kayak paddle damage 
2. Materials overview 
2. Materials resin
2. Materials fibres
2. Manufacturing 
2. Manufacturing
2. Conclusion  
2. End slide do you have any questions
30 minutes (Over ran)
Marks:
2. Joshua 72%
2. Raoul 72%
Agenda for the fifth meeting (26/11/18)
Discuss research
Minutes for the fifth meeting (26/11/18)
Discussed how to do the experiment and worked up a rough plan
Discussed peters brother’s conversation
Discussed how to continue with our individual research  
Need a methodology for the testing
Agenda for the sixth meeting (3/12/18) 
Write up slides for the presentation
Start compiling the presentation 
Format of the presentation slides
Minutes for the sixth meeting (3/12/18)
Writing up of the research for the presentation 
Compiling of the slides on to the presentation 
Formatting of the presentation
Practice run through
Have you ever owned a kayak paddle? 


yes	no	99.8	0.2	have you ever owned a kayak paddle	have you ever owned a kayak paddle	have you ever owned a kayak paddle	

What was the paddle made of?


full carbon fibre	glass fibre	plastic	Carbon Kevlar	GFRP shaft plastic blade	CFRP shaft plastic blade	CFRP Shaft GFRP blade 	Alloy shaft plastic paddles 	Kevlar shaft CFRP blades	GFRP shaft CFRP blade	47.6	14.2	5.6	11	3.2	3.9	11.9	0.8	0.8	0.8	

How was your paddle constructed?


Monocoque	3 piece 	4 piece cranks	2 piece splits	3 piece splits	4 piece splits	I don't know	22.2	64.3	0.5	7.8	0.7	2.4	2	

Was Your paddle cranked or straight? 


straight	cranked	67.2	32.799999999999997	

Would you describe the cause as impact or abrasion? 


Impact 	Abrasion	Other	61.9	15.2	22	

Have you broken a paddle before?  


yes	no	84.8	15.2	
Have you broken a paddle before? 	
Have you broken a paddle before? 	

How old was the paddle when it broke? 


0-6 months	6-12 months	12-18 months	18-24 months	24+ months	19.8	14.9	16.600000000000001	8.8000000000000007	27.4	

Did the paddle need to be repaired? 


yes	no	paddle damaged beyond repair	34.700000000000003	22.2	43	

Do you think the damage was reasonable for the situation that caused it? 


yes 	no 	57.3	31.3	

Were you happy with how long the paddle lasted before breaking?  


yes	no	57.3	42.7	
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