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This report looks at the effect of material advancements on the shape of skis in particular the side cut. Due to the change in equipment it has also altered the technique used. Research has been undertaken into material history and current construction and materials. Most interestingly the effects of the core and composite layers on the ski, the improvement and the ability to alter these has impacted the shape of the ski and therefore, the sport.
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[bookmark: _Toc5000910]Introduction
Skiing has been around for centuries and is a multimillion-pound industry. Skiing quite possibly lead the way in advancement in materials and technologies in the sports industry. Other industries such as the automotive industry and the aeronautical industry have been a head of the sports, although they are newer than sports such as skiing, the sports industry benefits from the advancements in other industries.
[bookmark: _Toc5000911]Aims 
The aim of this report is to look at skis and the materials that they are made from and see how the advancements and changes in materials has changed the sport. 
A combination of primary and secondary research should be pooled together to give an overlook and complete picture of the effect that materials have on sport, specifically skiing.
[bookmark: _Toc5000912]Objectives 
Understand the history and order of (events) material advances, in order to be able to create a picture of the steps taken to get to the position that we are in today.  
Justify the development and changes of material in the ski industry. Analyse the current materials and construction used in the modern skis. Look at the effect of these advanced materials on the sports equipment, technique used and the sport.
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[bookmark: _Toc5000914]Materials History
Winter sports has changed a lot with the advancement of materials and technology, with skiing being perhaps at the forefront of this innovation for the industry. Today’s skis have developed from locally sourced thick heavy planks. Over the last 200 years; skis have significantly transformed to today’s composite sandwich construction, with steel edges, composite plies and polyester sintered bases. Skis where originally cross-country style, they were used as a form of transport for hunting and farming. Original skis were made as one off’s and small hand-made batches, there used leather straps to affix leather boots to them.
In the 19th century, the shape of the ski varied, wood carvers eventually came up with a cambered design (bow shape) which distributes the weight of the ski more evenly across the ski length, this reduces the thickness of the skis. Then side cuts where developed into the design allowing for more manoeuvrable skis, side cuts are the arc that is carved or cut out the side of the ski, meaning that the tip and tail stay the same width, spreading the load. The side cut means that when the ski is leant over onto its edge the ski follows the shape of the arc dependent on the bending of the camber caused by lean angle, speed, momentum (Brimecombe, 2019).
Local wood was used by ski makers, most European ski makers where using ash as it is strong and springy. It was the Norwegians that at the start of the 20th century who started using hickory as they had carbon steel tools. Due to the toughness of hickory skis they were more durable and therefore, quicker as the bases did not get damaged as easily. They were also able to make their skis thinner giving a more flexible ski that does not compromise on strength. This time also saw the start of laminations of woods such as hickory and basswood to reduce price and use of expensive hard woods. This had limited success because of the lack of adessive advancements. 20 years later, an Austrian mountaineer invented steel edges that you screwed into your skis to give you better grip whilst turning, these would tear out if they got snagged on a rock, so you had to carry a repair kit with you. By the 1930’s, skiing was at an all-time high it was an Olympic sport. This then saw prototypes of solid aluminium skis in France and three-layer laminated skis with vertically laminated cores in Norway and Seattle. These laminated skis where successful due to more waterproof glues. 
Formaldehyde-based adhesive developed by R.E.D was used in plane construction. Which was then used to bond metal skis together. Plastic bottoms were introduced in 1944 by Cellulix, who produced a cellulose plastic bottom that was used on French Dynamic skis.
Air-craft manufacturers attempted to manufacture skis using aluminium sandwich techniques and materials that they used in the industry, such as Redux glue and plasticized-paper honeycomb cores. These companies were Truflex who produced the first mass produced ski and Head whose initial idea was too light, brittle and lacked strength. At the same time a furniture-maker in England, Gomme skis were producing a laminated plastic wooden core sandwich, it had a metal bottom for strength and stiffness and a wood veneer sole to hold wax. This makes it the first ski to combine three different layered materials.
Integrated stainless steel edges were quickly picked up by Head and released the next year in their new and successful aluminium pressure bonded ski, with a ply wood core. Again, success was due to a flexible cement that allowed shearing between layers.
Glass fibre reinforced plastics was the next step in skis, the first attempt of this was in the 1950’s they were not very successful. But it was obvious that this was the way forward. 
The introduction of polyethylene bases took over the Cellulix plastic bases previously used by the industry. Rossignol created the Metallais and Allais 60 aluminium skis, which revolutionize downhill racing in 1959.
Then we had a fibreglass ski that was successful, these plastic composite skis took over the market in terms of recreational and slalom racing skis. With laminated aluminium skis still dominating downhill and giant slalom racing due to the speeds involved. Hybrid ski using both aluminium and fiberglass layers where predominately used in big mountain powder skis.
Throughout the 1970’s, advancements in composites enabled companies to change and adjust their layup and choice in materials to fine tune the properties of the ski such as strength, stiffness, vibration dampening. At this time polyethylene bases were being sintered instead extruded as they retained wax better and were tougher. (Lund & Masia, n.d.)
Modern skis use mixtures of technology’s and techniques from company to company, they also differ form model to model as different skis have different uses and therefore, ultimately require different properties some are constructed using different materials and construction methods. 
[bookmark: _Toc5000915]Current Ski Construction
Modern alpine skis are manufactured from serval different construction types (techniques); including sandwich, capped, half capped, torsion box and hybrid. Each construction having its own positives and negatives. 
[bookmark: _Toc5000916][image: ]Sandwich Construction 
Sandwich constructions are popular with high end performance ski manufactures. This construction is called ‘sandwich’ as it is layered up like a sandwich. The layers start at the base with a sintered polyester that allows the ski to glide and steel edges allowing the ski to turn. On top of this, a composite layer giving the ski strength and stiffness. These composite layers can be found on both the top and bottom of the core. Either side of a core is a side wall which is plastic this absorbs, dampens vibration and impact. This side wall is normally made from ABS, this cause’s the ski to have great torsional stiffness and hold its edge better (Michaelsen, 2010). This gives the ski much greater stability and acceleration out of the turn produced by the pop that is inherent in a stiff ski.[bookmark: _Toc4984501]Figure 1 Sandwich Construction (Mechanics of Sport, n.d.)

[bookmark: _Toc5000917][image: ]Capped Construction
This is another common construction method; it tends to be used in cheaper recreational skis. It is cheaper to manufacture as it does not require additional side wall material this also makes the ski lighter. This reduction in mass, reduces swing weight which makes the ski spin extremely well. It is a more durable design as the top sheet wraps around, although this construction has less torsional stiffness.[bookmark: _Toc4984502]Figure 2 Capped Construction (Mechanics of Sport, n.d.)

[bookmark: _Toc5000918]Torsion Box Construction
Composite material completely encases the core (Mastrogiuseppe, October 2007 ), this protects the core and aids in terms of increasing torsional stiffness whilst reducing bending stiffness therefore, increasing flexibility making turning easier whilst still giving good edge grip. Whilst still keeping cost and weight low.
[bookmark: _Toc5000919]Hybrids 
[image: ]Hybrids normally consist of a mix of sandwich and capped construction; this is to try to get as much of the benefits as possible. For example, Armada and Atomic have side wall construction underfoot to give good edge grip and “durability for impact on rails and boxes.” (Michaelsen, 2010). The capped tip tails give a much better swing weight for spinning. (Michaelsen, 2010) [bookmark: _Toc4984503]Figure 3 Hybrid Construction (Freeskier, 2016)
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The role of the top sheet in modern ski is to protect the composite layers and the core and prevent damage from ski poles and the sharp edges of the other ski. It also displays the graphics; the graphics are incorporated into the top sheet in one of two ways; encapsulation or sublimation. The encapsulation method is done by encapsulating a graphic sheet under a clear top sheet or lacquer. The other way is to print the graphics on to the top sheet, this sublimation method uses heat and special inks which changes the colour of the top sheet. 
[bookmark: _Toc5000922]Cores 
The core in a ski, is the heart of the ski. The role of a ski core is to separate the metal or composite structural layers; whether it is a side wall, capped or torsion box construction. As well as dampening vibration of the ski. As Philippe Mastrogiuseppe (October 2007) said the “core’s contribution to flex is moot,” he then concludes the report stating that “up to 85%” of the skis overall flexual stiffness is down to the core. Cores can be a number of different materials. Wood is still a very popular choice for ski cores as it has natural flex and strength. Common woods used in the ski industry are Maple, Ash, Aspean, Poplar, Fir and Paulownia (Foersterling, 2017) (Phillips & Hansen, 2016). These hard woods are cut in to strips and vertically laminated, different types of wood are laid up in different patterns which can give the ski different prosperities (Mechanics of Sport, n.d.). As well as wood, cores can be made from carbon, aramid (Kevlar), glass fibres, Titanium, Aluminium honeycomb, Titanal, Air and foam. Each of these has specific properties and benefits and are used in ski construction to get the most out of a ski for its purpose. (Mechanics of Sport, n.d.)
[bookmark: _Toc5000923]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 a epoxy resin matrix which is used to combine and hold all the parts of the ski together (Mechanics of Sport, n.d.). 
[bookmark: _Toc5000924]Sidewalls 
ABS side wall which are common in high performance sandwich constructions, they improve torsional stiffness aiding with edge grip as it transmits pressure well, it also dampens vibration and absorbs impact on grinds and jumps. It can be easily damaged by side impact from the other ski, during ski crossing tricks or ski chatter during turning (Mechanics of Sport, n.d.). 
[bookmark: _Toc5000925]Edges 
The edges are integrated into the ski structure, they are held in with a T-shaped hocks which hold the edges into the composite layers. They are stainless steel or steel; they enable the ski to grip the piste and carve (Mechanics of Sport, n.d.).
[bookmark: _Toc5000926]Base 
The base of the ski enables the ski to glide across the surface of the snow. Bases are made from polyethylene known in the industry as P-Tex, it is either extruded or sintered. Sintered bases are more expensive to manufacture costs but are more durable and retain wax better as it absorbs the wax due to its porous composition. A number is normally assigned to P-Tex, the higher the number the molecular weight, which means the base is more durable (Mechanics of Sport, n.d.). 
[bookmark: _Toc5000927]Discussion 
This report has looked at the history of skiing in terms of material change, as well as looking at current materials and construction methods used. The discussion now looks at how these materials and construction methods have changed the sport. In terms of changes in equipment and changes in technique. 
These advancements in materials has allowed companies to develop and improve the shape and size of the ski. These days companies have the ability to use different material for cores and composite layers in different patterns and combinations to fine tune or drastically change a ski, this enables ski companies to develop a wide range of skis and enabling them to specify certain properties for each ski and the different disciplines, ability, genders and price ranges.
“Most notably, the shape of the skis have changed.” (Grant, May 2015) this is due to changes in material; as the materials have got stiffer and stronger, skis can be made thinner and lighter. This was the case back in the early 1900’s when they started to use hickory wood (Lund & Masia, n.d.); due to its superior strength, ski makers could make the ski thinner and get the same stiffness. A similar thing is happening with carbon fibre over glass fibre, due to carbon having a greater strength to weight ratio it means less carbon fibre plies are needed, as well as each ply being lighter than its fibreglass comparison.
[bookmark: _Toc5000928]Side cut 
The side cut is the arc that is cut away from the edge of the ski, it is measured by laying the ski on its edge, perpendicular to the flat surface. Then measure the distance between the ground and the waist. The turning radius is determined by the length of the ski and the width of the tip, waist and tail.
Shaped deep side cut skis are thought of as a revolution in the 90’s, designed to carve short turns with ease but in reality, deep side cuts “had been sneaking up on us for a century” (Masia, 2005). Side cuts were originally curved into skis to distribute weight across the ski, to increase floatation. Atomic increased floatation in the 80’s during the snowboard period, by increasing the surface area (wider skis). Later versions of these super fat powder skis saw Volkl add a 10mm side cut with 28-meter radius. During the 70s and 80s, the development of giant slalom increased the side cut, this was due to racers needing to make cleaner turns, as GS had become more technical in terms of the turns and the course. These side cuts grow in the racing world to 12mm, these then filtered down in to recreational skis. By the 90’s when the revolution started, we were seeing 22.5mm side cut over a 203mm ski producing a 15m radius turn. The short turn radius and deep side cut improve the ease of carving making it more accessible to everyone. Ski then started to shorten as the waists of the skis could not get any thinner so to reduce the turn radius without changing the parameters of the width the ski had to be shortened, it also made it lighter and more manoeuvrable for beginners and slalom racers who need to agile (Masia, 2005).
[bookmark: _Toc5000929]Technique 
Technique changed as the shape of the ski made it easier to carve. This goes for both recreational skiers as well as professionals. Figure 5 below shows Stein using the traditional 50’s technique which involved a “classic narrow stance (legs close together) and counter-rotated shoulder” (Casey, 2001). Whereas, the current skiing technique uses a much wider stable base and lower centre of gravity, this means that the skier is more stable at higher speeds, which is good for professionals. It also enables carve at much lower speeds, this allows novice and intermediate skiers to carve better with greater ease.


[image: ][image: ][bookmark: _Ref4983798][bookmark: _Toc4984505]Figure 5 Stein Ericksen 1950s (Casey, 2001)

Figure 4 Modern GS Carving (LeMaster, 2012)Figure 5 Stein Ericksen 1950s (Casey, 2001)
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Figure 4 shows the transition of weight over the skis. This allows you to use your body as a leaver using large muscles to make the motion easier, this is aided with the mechanical benefit of using a longer leaver increasing the distance and reducing the moment. Whereas, in Figure 5 he is moving the skis around underneath him, causing him to only be able to use smaller muscle on smaller leavers. His stance gives him very little stability at high speeds limiting the performance. The deep side cut in the modern ski performs better when it is leant right over, whereas, skis in the 50’s preferred to be stood up as they did not have tight turn radiuses so needed to be slide around corners, this reduces lean angle minimising speed scrubbed in the turns.
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