http://www.roberts-1.com/xcski/classic/grip_model/

Concepts and Parameters 

Points along the length of the ski 

We define points by how far they are from the center of the ski. 

We assume that everything is symmetrical about the center point, so we only consider half the ski in most of our analysis. 

	
	x = distance from the center of the ski.  


Since we only deal with half the ski, we take x as always positive.  
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	center of ski:  x = 0. 


We simple-mindedly assume that this single center point is at once the center of: (a) the ski, (b) the snow contact zone, (c) the grip-wax zone, (d) the wax pocket, etc. 
Snow contact zone 

This is the section of the base of the ski which is currently in contact with the snow. 
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	a = inner boundary of the snow contact zone. 


This is a variable that depends on the total down-force F applied through the binding onto the ski. 
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	b = outer boundary of the snow contact zone. 


We assume that this is a constant. 

Grip-wax zone 

This is the section of the base of the ski which has grip-wax smeared on it. 
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	g = outer boundary of the grip-wax zone. 


Since the grip-wax zone contains the center point, its inner boundary is always zero. 

Down-Force and Pressure distribution 

The total amount of down-force and its non-uniform distribution through the base of the ski are critical for determining the amount of grip-friction force available. 
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	F = total down-force applied through the binding to the ski. 


A major portion of this is force of some percentage of the skier's body weight, but there can be other reactive forces.  
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	P(x,F) = pressure applied through a tiny point on the base ski onto a tiny point on the snow surface. 


We assume that the pressure at any point is a function of both the total down-force applied and the location of the point on the ski. 
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	C = the down-force which exactly just barely "closes" the entire base of the ski down against the snow. 


I like including this C in the model, because it links the model to the well-known "paper test" for selecting ski fit.  

Friction Force 

What grip is all about from a physics perspective is the static friction of the grip-wax zone in contact with the snow. 

We are assuming the usual simple physics model of static friction:  The maximum force of friction available to prevent slipping is the product of the current down-force multiplied by the coefficient of static friction. 
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	S = total static friction force available to prevent the ski from slipping back. 
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	m = static friction coefficient of grip wax.


We assume that m is a constant for the the current grip wax with the current snow, temperature, and humidity conditions.  

For now, we simple-mindedly assume that the glide wax has no static friction. 
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Formulas 

We assume that the size of the snow contact zone depends on the total down-force applied.  The more down-force, the larger the contact zone. 

a = a(F) = b * (1 - F/C) : : {for F < C} 

a = 0 : : {for F > C} 

This is the simplest assumption we can think of.  Note that F = C implies a = 0, and that F = 0 implies a = b. 

We assume that the Pressure distribution function takes this form: 

P(x,F) = h(F) * F * x  

: : {for a < x < b and F <= C} 

This means that the farther from the center point, the larger the pressure.  We assume that for a given value of F, the factor h is a linear constant over the entire snow contact zone. 

Here are the other cases needed to complete the definition of the Pressure function: 

P(x,F) = (2 * C / b^2) * x + (F - C) / b : : {for F > C} 

P(x,F) = 0 : : {otherwise} 

A requirement for the Pressure distribution function is: 

integral[a,b]: P(x,F) dx = F 

Evaluating the integral and solving for h(F) gives 

h(F) = 2 / (b^2 - a(F)^2)

which yields a more detailed Pressure distribution of 

P(x,F) = ((2 * F) / (b^2 - a(F)^2)) * x
Note some special values for P: 

If F = C, then P = (2 * C / b^2) * x
As F becomes very small and goes toward F = 0, then the limit of P goes to (C / b^2) * x 

For the special case of the outer boundary of the snow contact zone: 

P(b,0) = C / b : : {in the limit of very small F} 

P(b,C) = 2 * C / b 

This is interesting because it fits with an intuition that while the relative percentage distribution of pressure to the tip of the ski drops, the absolute pressure value at the tip continues to rise as more total down-force is applied.  This absolute pressure doubles as the down-force goes from nothing to enough to fully close the ski to the snow surface. 

To calculate the total force of static friction S for a given down-force F, we must evaluate this definite integral: 

S = integral[a,g]: m * P(x,F) dx 

The bounds of integration are the portion of the grip-wax zone which is included in the snow contact zone.  This assumes that the down-force is large enough so that there is some contact of the grip-wax zone; which requires 

F > C * (1 - g/b) 

Evaluating this integral yields: 

S = m * F * (g^2 - a^2) / (b^2 - a^2) : : {for F < C}

Which seems like an intuitively nice result. 

If F is exactly the force to "close" the ski, this simplifies to 

S = m * F * g^2 / b^2 : : {for F = C} 

For even larger down-force: 

S = m * C * (g^2 - a^2) / b^2 

 + m * (F - C) * (g - a) / b : : {for F > C} 

