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This report looks at the certain areas that occur in skiing and looks at the forces that impact and are encountered in these situations.
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[bookmark: _Toc5000868]NOMENCLATURE
Variable	Name			Units 
		Height			m
		Distance		m
		Mass 			kg
		Gravity			Nm
		Velocity			m/s-1
		Final Velocity		m/s-1
		Average Velocity	m/s-1
		Initial Velocity		m/s-1
		Acceleration		m/s-2
		Displacement 		m
		 (Bent Legs) 		m
		Normal Reaction Force	Nm
		Time			s
		Angle of trigectery	 (Degrees)
		Angle of landing	(Degrees)
		Kenetic Energy		J
		Potental Energy		J
		Y axis			
		X axis
		Perpendicular component of Y axis
		Horizontal component of Y axis 


[bookmark: _Toc5000869]Introduction
[bookmark: _Toc5000870]Aims 
To look into the several skills and manoeuvres performed by skiers. Then to evaluate techniques and calculate forces involved and encountered during normal skiing.
[bookmark: _Toc5000871]Objectives 
Look at carving in terms of technique and in terms of forces encountered.
Take a look at the forces that are involved in landing a jump. In particular look at a vertical drop to flat and then to a sloped landing, simulating a cliff drop. And a jump with horizontal (forward) motion. 
[bookmark: _Toc5000872]Research + Calculations
[bookmark: _Toc5000873]Technique and Forces Involved 
[bookmark: _Toc5000874]Carving 
[bookmark: _Toc5000875]Technique 
Carving is the skiing process of turning via leaning the ski on to its edge and letting the ski follow the groove that it cuts, tip through tail. The ski will follow a curve, this is due to the curve cut into the ski called the side cut. This is what enables the ski to follow an arc when laid over on its edge. It is important that the ski does not skid or slide sideways, this would mean that the ski is either not angled enough or the direction of travel (momentum) does not match that of the direction of the ski. The bending of the ski allows all the edges to make contact with the snow when it is lent over making the arc of the ski greater, the further that the ski is lent over, the more force is put into the ski in terms of speed, momentum, lean angel, slope angle and ski factors increases the bend in the ski and therefore, the arc it produces.
[bookmark: _Toc5000876]Leavers and logic and calculations 
To initiate a carve turn, it starts at the knees, rolling your knees in the direction you want to turn weights that edge of the ski and starts to dig those edges in to the snow, whilst the centre of mass and line of gravity and resultant force all still fall in the area of support. This creates for a really stable position. This also stops the ski from sliding out when force is applied to the turn. The hips are then leant in to the turn to add to the sideways component of weight. This also lowers their centre of gravity.
[bookmark: _Toc5000877]Applied Forces
[bookmark: _Toc5000878]Jumping 
[bookmark: _Toc5000879]Scenario 
Looking at forces involved for the skier when performing a jump. These calculations apply to downhill jumps, free style park jumps, as well natural features including cliff drops and spine jumps. This part of the report considers the main aspects of jumping vertical jump to flat, vertical jump to a sloped landing and a jump with a sloped landing and horizontal components. The aspects that were taken into consideration were the flexing at the knees, the softness of the snow, the angle of landing and the horizontal velocity. 
[bookmark: _Toc5000880]Assumptions 
For these calculations heat and sound energy produced on landing are negligible so therefore, are be assumed as zero. Friction and aerodynamic drag are also being ignored.  = 9.81 m/s-1.
[bookmark: _Toc5000881]Calculations 
First, we take a look at a vertical jump to a flat landing.
The potential energy of the drop is equal to the kinetic energy due to the first law of thermodynamics the conservation of energy. Sub in the equations  and  . Then rearranged for velocity ().
 
 
 
 
Using the suvat equation . Which was rearranaged for acceleration ().  subed in for , as  is the displacment which in the case of landing a jump is the knees bending otherwise called  as .
 
 
 
 
If  subsitute in the the equation.
 
 
If  subsitute in the the equation.




 
 
Free-body diagram. Rearranaged for Normal Reaction Force, then factorise for .
 
 
 
If  subsitute in the the equation. Then factorise for [bookmark: _Toc5000888]Figure 1 Free Body Diagram 1

 
 
The softness of the snow can have an effect on the landing forces. In soft powder, depth of compression is added to the sum of the distance of knees bent or .
Time overwhich the forces is exerted on the skier. First the average velocity is calculated. Then the velocity equation is rearranged for . 
 
 

The velocity equation   is rearranged for , with  subbed in for distance and  subbed in for . This is then simplified and  subbed in for . It is then simplified by square rooting the whole fraction, and pulling the  out side the root. 
 
 
 
 
 
 
 
 
For landing into a slope, we used   linear suvat equation again. Rearranged for  and applied for the perpendicular component (to the incline plane) of the forces involved. 
 
 
 
 
 
Perpendicular component (to the incline plane) of the forces involved. Sub in .
 
 
Free-body diagram. Rearranaged for Normal Reaction Force, then factorise for . Sub in  of 



 
 
 
 
 
Sub in perpendicular component, then simplify and factorise for  then [bookmark: _Toc5000889]Figure 2 Free Body Diagram 2

 
 
 
 
 
Parrallel component both velocity and direction of velocity on impact. Sub  in for , for the horizontal velocity component, then simplify.
 
 
 
 
 
As befor  as…
 
Calculate the hypotenuse using trigonometry. Subing in both vertical and horizontal velocitys. Then simplifying and factorising for 
 
 
 
 
[image: ][image: ]To calculate the angle of the direction of velocity on impact
 
 
 
 
Calculate the forces involed and encounted in landing a jump to a slope with horizontal velocity. Factorise by .[bookmark: _Toc5000890]Figure 3 Horizontal Jump Landing (Brimecombe, 2017)
[bookmark: _Toc5000891]Figure 4 Horizontal Jumping (Brimecombe, 2017)

 
 
 
 
(O'Shea, 2004)
[bookmark: _Toc5000882]Carving 
[bookmark: _Toc5000883]Assumptions 
For these calculations, heat and sound energy produced are assumed to be negligible so therefore, are be assumed as zero. Friction and aerodynamic drag are also being ignored. The slope is presumed perfectly groomed and hard enough that the edge can grip into the snow.  = 9.81 m/s-1.
[bookmark: _Toc5000884]Calculations 
Edge pressure plays a role as the further you lean the ski over the more the base and edge can bite into the snow as there is the same weight on the ski plus the component of centrifugal forces but on a smaller surface area as the ski is on its edge. The ski applies the force to the snow, which is what holds the ski, this allows it to bend the ski to enable a better arc to be formed from the ski allowing the ski to turn tighter.
The lean of the carving turn means that the  component of  is then applied through the edge of the ski as .  being angle of lean and the horizontal componet of  is your Centrifugal force which is related to your speed and turning radius and therefore, for that is being applied to the skis edge which is causing the bending in the ski. 
[bookmark: _Toc5000885]Conclusions
In conclusion the forces in terms of carving terms have an effect on the material and the construction of the ski as it depends on the flex and edge grip of the ski. In these calculations’ torsional stiffness and the second moment of area could be looked at in more detail.
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