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To calculate the reaction forces that the support of the JD disc is going to carry in all the scenarios, has been chosen as reference system the one that follow the rails (slope of 0.708 degrees) and at the same time has been taken into account the following forces (see fig. 1):

Horizontal (x direction):

Fcy: cylinder 

Fsh: friction of one of the supports

Fah: friction of the air-pad

Fch: cables

16000: component of the mass*gravity

m*a: inertia

Vertical (y direction):

Fsv: reaction of one of the supports

Fav: reaction of the air-pad

Fcv: cables

P: mass*gravity

In the figure one is also shown the distance of the different forces to the point A (where the moments are taken).

In this stage of designing it’s only considered two supports working at the same time per side: one is the air-pad and the other one is still been designed (it’s called “spring” in the spreadsheet attached). 

Guessing that the behaviour of the system is like a rigid solid, the equations that must be solved are the following (see fig. 1):

  Equations:

(Fx = m*a

(Fy = 0

(MA = 0

(Fx = ma

Fcy – Fsh – Fah – 16000 – Fch = m*a

(Fy = 0

Fav + Fsv – Fcv – P = 0

(Fah = Fav * 0.01)

(MA = 0

Fsv*b + Fcy*g’ + Fvc*c = P*d + 16000*f + m*a*f + Fch*e

Results:

Fsv = (P*(001-d/f) + Fcv*(0.01+c/f) + Fch*(1-e/f)+Fcy*(-1+g’/f)) / (0.01-(-b/f) 

Notes:

0.01 is the friction coefficient of the system air-pad/rail.

( is the “friction coefficient” between the system spring/rail

Fav = Fcv + P - Fsv

a = (Fcy – Fsh – Fah – 16000 – Fch) / m   

At the moment we have a set of forces/acceleration in function of some parameter which are not completely well know. Due to this fact has been used a spreadsheet in order to make easier to study the worst cases.

However it’s known that the system is not rigid since the air-pad has a rotation point which allows a rotation of around 5 degrees under normal order in both directions. To estimate how this can influence in the design of the support, has been developed the second part of the spreadsheet (under the title: how the displacement of the gravity centre affects the forces (static study)). In this calculation is only taken into account the final and initial position of the JD disc in order to make an approach to the system stability (the increases of forces due to the necessary dissipation of energy in order of stopping the motion of the JD disc are not considered). A good parameter to realize how important is the alienation between the two supports is to compare the following factors:

- 
Increase the tones per side

· Rotation angle

· Decrease of the height of the second support (respects the bottom of the air-pad)

In the next figure is shown how these increases have been calculated:
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Increase of “f” and “d” in “how the displacement of gravity centre affects the forces”

Spreadsheet
The Spreadsheet shows all the parameter necessaries for this study being those:

· Distances (all in meters): necessaries for the moments. Are parameters more or less well know d, c, e, g’, b.

· Forces (all in Newton): less the mass*gravity the others are parameters.

· Friction coefficient: between rail and spring (spring=second support).

· Coefficients of the equation: here is shown the relevance of the different coefficients in the equation that calculates the vertical force applied in the second support (Fsv). Force that has a very important relevance in the final design of the support due to the big Hertz pressures that the support will have to carry.

· Results: different forces and acceleration. Total is the force that must be carried per the supports in both sides of the rail and per side in the same but divided per two.

In the second part of the spreadsheet is shown an approach to the stability of the system:

· Rotation angle: how it was explain before the air-pad allows the axis rotation around 5 degrees in both directions.

· New f-d and increases f-d take into account the new position of the gravity centre due to the rotation.

· Results and coefficients of the equation: are the same that before but with the new configuration.

· Increases of tones per side: it’s the difference between the forces without and with rotation.

· Decrease of height of the spring: it shows the relation between the angle rotated and the decrease of height of the spring.
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