1. Stability of Assembly

Static analysis of the saddle shows that the assembly structure is not stable when there are only 14 modules in place and if the support cradle is moved.  This load case was examined by performing some simple hand calculations and with a 2D fortran program which solved for the reaction forces on the saddle.  With the constraint that the swivel bolt forces must be in compression in both of these load cases it was found that a static solution was only possible if additional support was provided to the saddles or modules below the saddle.  [image: image1.png]



Static Analysis of Load Case EB9 - 14 modules in place.  

The figure above shows a simplified location of forces being applied to the saddle in load case EB9 in which there are 14 modules in place that are only supported by the saddle.  With only 14 modules in place only 1 swivel bolt and the key are in contact.  The reaction force F is known is equal to 7 times the weight of a module.  The saddle reaction forces Fr and Fs can be easily solved by statics as shown below:
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However, the sum of the moments about the IP must be equal to zero in order to achieve equilibrium, therefore:


[image: image8.wmf]IP

M

S



[image: image9.wmf]0

=

+

-

XF

RF

s


Solving for X we find:
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If the angle is:
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Using R=4,173mm we find that X=2,333mm which is not underneath the saddle support beam.  If the support point is located at 3,000mm at the center of the support beam then an additional moment [ M=(3000mm-X)*F ] is needed in order to achieve static equilibrium.  

In order to achieve equilibrium during assembly the support cradle that is used to initially assemble the first 12 modules will have to be kept in place.  In this case the support cradle carries the entire load of the modules and only a minimal load is applied to the saddles.  A further static analysis shows that the structure becomes stable when there are 24 modules in place and the cradle has been removed.  The cradle will need to be in place until that point.  

Load Case BA6 has 16 modules in place that are supported only by the saddle.  The FEA model for this load case gives reasonable values for the forces between modules and on the saddle.  However, the reaction forces at the bottom of the saddle support beam do not sum to zero and the application of a very small force in the X direction to the saddle results in extremely large deflections.  The FEA model therefore is not in a stable equilibrium as predicted by this static analysis.  

Static Analysis with Cradle and Saddles in Place

With the support cradle and saddle in place supporting the modules it is not possible to do a static analysis to solve for the forces acting on the cradle, saddle, and modules without making some simplifying assumptions because the entire structure is indeterminate.  However, we can examine the equilibrium of the saddle.  There are only three forces acting on the saddle as shown in the Figure above and all of these are unknowns.  The force F is the force which supports the saddle at the main support beam.  When the cradle is not in place F equals the weight of the structure as shown in the static analysis above.  However, with the cradle in place F becomes an unknown because a proportion of the weight is carried by the cradle.  The value of F depends upon the stiffness of the entire structure.  The equilibrium equations for the saddle are described below and are similar to the static analysis above, except that F in this case is an unknown.  
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If 
[image: image21.wmf]r

q

and 
[image: image22.wmf]s

q

are equal and we solve these equations to eliminate Fr and Fs from these equations to get:
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This equation is satisfied if F equals zero or if:
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In order to achieve stability X must equal 3,000mm and 
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 must equal the angle of the key.  But this is not the case because if R=4173 then 
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.  However, the angle to the key is 36.56 so the structure cannot be in equilibrium.  If we force 
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and solve for X we find that X=2485 which is not under the saddle support beam.  

With the geometry that we have it will only be possible to achieve equilibrium with the cradle in place if the forces acting on the saddle are zero.  This can only occur if the modules/EB is sufficiently stiff so that the entire load is transferred through the modules and to the cradle.  If the modules deflect significantly in the region of the saddle then load will be transferred to the saddles.  

Load Case EB6 has 16 modules in place with the cradle and saddles.  The location of the cradle support were placed on center and spaced 4650mm apart initially in this analysis.  However, the loads between modules and on the cradle and saddles were enormous and the model did not produce a stable solution.  In order to determine what was happening with the model the distance between the cradles was reduced to a final dimension of 2115mm between them.  As this location the forces between the modules and on the cradle and saddles were reasonable values.  However, the reaction forces at the bottom of the saddle support beam did not sum to zero and the application of a very small force in the X direction to the saddle results in extremely large deflections.  The FEA model therefore is not in a stable equilibrium as predicted by this static analysis.  
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