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The cryostat load will be transferred to the EB with 24 modules in place.  It is important to know that the EB is stable in this situation.  A static analysis of the forces acting on the EB has been done to examine the forces on the saddle when the cryostat load is transferred.  

The forces acting on the saddle in the back in this load case are shown in the figure below.  Static equilibrium can be found using the following equations:
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These equations can be used to solve for the swivel bolt forces, F1 and F2, and the key force, Fs.  These forces depend upon the angle that is used to determine the location of the top and bottom swivel bolt.  The bottom swivel bolt angle is fixed at 32.33degrees.  The angle of the top swivel bolt though can vary considerably because this single force shown in the figure actually represents 5 swivel bolts.  The force F2 represents the force acting at the centroid of the individual forces acting on these 5 swivel bolts.  

Solving the equations above it can be seen that it is possible for the bottom swivel bolt to loose contact and go into tension depending upon the location of the top swivel bolt.  It is felt that if the bottom swivel bolt looses contact and is no longer in compression then the structure is unstable.  One potential solution is the addition of a tension chain between the saddles as shown in the figure below.  This tension chain would connect the saddles together and prevent the loss of compression on the bottom swivel bolt.  It should be noted that even the FEA model shows a very small value for the bottom swivel bolt force that approaches zero given that the weight of the structure is 240tons plus a cryostat load of nearly 220tons.  
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The saddle forces can be solved for with different values of tension on the chain.  The figure below shows how the force on the bottom swivel bolt varies as the angle to the top swivel bolt increases from 44 degrees to 54 degrees.  It can be seen that the bottom swivel bolt can remain in compression if the top swivel bolt forces are acting at 52 degrees when the tension in the chain is zero.  As the tension in the chain increases to 10tons and then 20tons the bottom swivel bolt remains in compression at shallower angles.  When the chain tension is 20 tons the bottom swivel bolt never looses compression.  
The static calculations were compared to the FEA model with 24 modules in place and the cryostat load applied.  The centroid where the sum of the top swivel bolt forces are acting was calculated from the FEA model to be 49 degrees.  A comparison is made in the table below between the FEA model and the static analysis at 49 degrees and 52 degrees.  The static analysis at 49 degrees shows that the bottom swivel bolt will loose compression while the static analysis at 52 degrees shows very good agreement with the FEA model.  

24 Modules in Place With Cryostat Load
Chain Tension= 0.0
Comparison of FEA and Static Analysis

	
	Static-49 degrees
	Statis-52 degrees
	FEA-49 degrees

	Key Force (tons)
	142
	142.2
	137.0

	Top Swivel Bolt Force (tons)
	164
	140.0
	139.0

	Bottom Swivel Bolt Force (tons)
	-18.3
	7.2
	10.0
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Alternate Solution

Several objections have been raised to applying the tension load between the saddles as shown above.  Concerns were expressed with regard to running a chain underneath the EB and having it in contact with the modules.  An alternative solution was proposed by Iouri Nikotine that the tension load be carried at the ends of the saddle beams.  This solution  is shown in the drawings below.  
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In this solution the same chains would be used.  A plate will be bolted to the ends of the saddle support beam using the existing 6 M30 threaded holes.  This plate will have four cutouts in it and a hook with the chain attached will be hooked through each cutout.  The drawings above only show one of the chains in place.  

The static calculations were repeated for this solution.  In this solution the distance from the IP to the chain is smaller than the original solution so the moment generated about the beam line is smaller.  Therefore, the affect of the tension load is not as dramatic as in the previous solution as shown in the graph below.  
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In the alternate solution contact will still be lost at the bottom swivel bolt if the centroid of the forces acting on the top swivel bolt is acting at 44 degrees.  

Conclusion

The FEA model indicates that the structure should be stable when the cryostat load is applied with 24 modules in place.  The static analysis indicates the same result if the forces acting on the top swivel bolt are acting at a high enough point on the saddle.  However, since the value of the bottom swivel bolt in both of these analysis is so small compared to the overall weight of the structure and because the static analysis has shown that there is a potential for the bottom swivel bolt to loose contact it is felt that the tension chain must be put into place in order to insure that the structure is stable and that the potential failure mode shown by the static analysis is avoided.  Two potential solutions have been discussed.  In the first solution a smaller tension load would result if the centroid of the forces on the top swivel bolts is acting at a low enough angle.  
Appendix 1
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