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1. Introduction

During insertion of the JD the X-brackets will be used to insure that it stays on the rails.  The PLC system for controlling the movement will be used to maintain the pressure on each Z cylinder which is used to move the JD within a specified range.  However, the JD may still move in the X direction but this motion will be restrained by the X-brackets.

This paper will first examine the forces which are acting on the JD X-brackets in the double airpad solution and then describe the results of a structural analysis of the X-brackets with these loads applied.

Figure 1 below shows the basic layout of the airpads and X-brackets below the JD.
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2. Forces on X-Brackets

There are three load cases that the X-bracket needs to be designed for: Earthquake; JD movement; tipping.  The loads on the X-bracket are summarized in the table below:

	Load Case
	Nominal Load
	Safety Factor
	Applied Load

	Earthquake
	9 tons
	1.0
	9 tons

	Movement
	5.8 tons
	1.5
	8.7 tons

	Tipping
	5.3 tons
	1.0
	5.3 tons


Earthquake Forces

During an earthquake the X-bracket will be required to keep the JD from sliding off of the rail.  An earth quake load of .15g in the X direction is the design criteria so the X-bracket will be subjected to a load of:

Fr = .15g x 120tons = 18 tons

Since there are two X-brackets per side each one will be subjected to 9 tons.  

JD Movement Forces

The forces acting on the JD X-bracket during movement.are shown in Figure 2.  These are the forces in the X direction which act on the roller because of differences in the Z-cylinder forces that are pushing/pulling the JD.  By summing the moments about the CG of the JD we find the relationship between the force on the X-brackets and the Z cylinder forces to be:

Fr=(b/2a)*(F2-F1)
Inserting the values of b and a yields:

a = 1,030mm

b = 6,000mm

Fr = 2.9*(F2-F1)

The value of the force acting on the X-bracket is dependent upon the difference between the Z cylinder forces.  It is felt that the difference between the Z cylinder forces can be maintained within 2 tons which results in a force on the X-bracket of Fr=5.8 tons per X-bracket.  A safety factor of 1.5 is required by Eurocode which will increase this load to 8.7tons.
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Tipping

During the movement of the X-bracket under constant velocity or while stationary, if the JD has a 10ton force in the horizontal direction applied to the top it will tip over unless a 5.3 ton tension force is applied at X-bracket where it hooks underneath the rail.  This 5.3 ton force will act in the vertical direction on the bottom lip of the X-bracket.

3. Stress Analysis
Earthquake Load

The maximum load case is the Earthquake load case in which 9 tons is applied to the X-bracket roller.  A key that is machined into the JD support base resists the 9 ton force in the X direction.  The X-bracket will have a larger keyway machined into it to allow for shimming of the key in order to accurately align the X-brackets with each other and the rail.  The maximum stress of 170 MPa occurred in the X-bracket which is below the maximum allowable yield stress of 240 MPa.  
The roller will deflect 1.7mm away from the rail when this maximum load is applied.  
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Stresses in X-Bracket when subjected to Earthquake Load - 9 tons in the horizontal direction applied to the roller

Tipping Load

During the movement of the X-Bracket it is possible for it to be subjected to a combination of the movement load in the horizontal (X) direction as well as a vertical load (Y) which is caused by the tipping of the JD.  If the JD is subjected to a load of 10 tons at the top of the JD then the X-bracket will be subjected to a 5.3 tons vertical load applied to the bottom lip of the X-bracket which hooks underneath the rail.  The X-bracket has been examined when subjected to the combination loads of tipping and movement.  The stresses rise to 230MPa which is still below the yield stress of the material of 240 MPa.  
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Stresses in X-Bracket when subjected to combined load of movement (9 tons in the horizontal direction applied to the roller) and tipping (5.3 tons applied to the bottom lip
4. Bolt  Analysis

There are four M24 bolts which attached the X-bracket to the JD support plate.  The bolts simply resist the rotation of the X-bracket.  The 9 tons force in the X direction is resisted by a key.  A static analysis of the bolts shows that the average force per bolt is 5.2 tons.  For Eurocode this load must be increased by 25% to an applied load on the bolt of 6.5 tons.  For a M24 bolt this results in a tensile stress of 184 MPa in the bolt which is far below the yield stress of a grade 8.8 bolt.  The stainless steel material that the bolt will be threaded into has a significantly lower yield stress than the bolt.  The thread shear stress in the stainless steel is 74 MPa which is below the maximum allowable shear stress of the material of 110 MPa.  
5. Hertz Contact on Roller

A commercial cam roller has been selected for the X-bracket which has a rated dynamic load by the manufacturer of 12.5 tons.  The diameter of the roller is 100mm and a roller width of 57mm.  The calculated Hetz contact stress is 1,051 MPa under the maximum loading conditions.  
6. Conclusion

The basic design of the JD X-bracket has been presented.  The stresses and deflection in the X-bracket, roller, and mounting bolts are all within acceptable limits.  

