Sensitivity Analysis of the EBC Pre-assembly

J. Proudfoot

June 22,  2003

A detailed evaluation of the results of the EBC pre-assembly is required for us to understand how best to perform the barrel pre-assembly. As part of this evaluation, I believe that it is important to have a good understanding of the sensitivity of the assembly to systematic effects (such as shim thickness, girder length at the bearing surface, deformation of the shims at the inner radius). 

Figure 1 below summarizes what I believe represents most of the significant parameters.
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Figure 1. Module basic dimensions relevant to cylinder geometry

Firstly it is appropriate to identify where I obtained each of these dimensions. 

· The inner radius of the master plate defines the inner radius of the module 

· The position of  the bearing surface of the girder defines the outer radius of the module. This was calculated from the sum of two lengths; the master plate to the outer key surface, and the distance from the inner edge of the girder key to the outer edge of the bearing surface.

· The radius of the inner plate comes directly from ATLL_0001

· The outer  radius of  the bearing surface comes from ATLL_0001,  from which the thickness of the link plate (50mm) must be subtracted

· The  assumed nominal values for the shims at inner and outer radius are given. Note that for the geometrical interpretation I have used a notional shim at both module interfaces (this is therefore half of the thickness of shim being used in  the pre-assembly.)

· The nominal angle is 5.625 degrees which is the full angle subtended by the module (and yes 64 x 5.625 = 360 degrees)

· One can also get the length between the bearing surfaces from ATLLBM_0001. This gives the full length of the module as 1942 mm, from which one must subtract 50mm to arrive at 1892mm for this distance.

With this one can then readily calculate  the actual angle subtended by the submodule:

2 x tan –1(  (204.4+0.95 – 112.10 –0.75)/1892 ) = 5.5979 degrees

This is of course the  wrong  number ! To get the right number (5.625 degrees), the distance between the bearing edges should be ~1882mm (which results in an angle of 5.6276 degrees)  This discrepancy needs to be resolved.
Assuming that the relative radial positions of the inner and outer bearing surfaces are as given, then the outer radius shim must be increased by 0.45mm to reach an angle of 5.6251 degrees.

Now let us turn to sensitivity to systematic shifts in angle and position coming from the physical definition of  the module to module interface. 

To study  the effect of a systematic difference in the angle from the nominal value I used a simple Excel spreadsheet to build up a half cylinder. In terms of the need to close the cylinder at the inner radius, it is fully described by the length of the module and the included angle. I chose three test configurations:

· CASE 1: A reduction in the effective shim at the inner radius from 1.5mm to 1.0mm for the nominal angle of 5.625degrees

· CASE 2: A reduction in the effective shim at the inner from 1.5mm to 1.0mm for an angle of 5.640degrees

· CASE 3: A reduction in the effective shim at the inner radius from 1.5mm to 1.0mm for an angle of 6.655degrees

For CASE 1, the cylinder will close. However, the diameter of the cylinder is reduced from 4599.77mm  to 4594.67mm (i.e. a reduction of approximately 5mm.)  Note that in this situation one assumes that the choice of shim at the outer radius has been chosen correctly.

Even more interesting are CASE 2 and CASE 3, where one realizes that it is only through a change in angle that one can reach a situation in which the cylinder does not close. It is immediately apparent that we are very sensitive to any systematic offset in the module assembly angle.  The measured data roughly follow the same shape (i.e. the deviations are most likely dominated by a systematic rotation).  For module number 22 in the sequence given in Figure 2, the measured x deviation from nominal is –26mm. This suggests that the assembly angle is between 5.640 and 5.655degrees.
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Figure 2. Horizontal deviation of the module position from its nominal value for two cases as described above.

Finally, let us set a scale on the possible systematic shift in angle. If we change the relative thickness of the shims at the inner and outer radius by 0.2mm then the change in angle is 0.006degrees. This is a big number if systematic and represents not much more than the thickness of 2 sheets of aluminum tape. A change in the radial position of the two bearing edges can have an even bigger effect. A radial shift of 10mm can change the angle between the shims by 0.0163 degrees.

My conclusion is that we need to review the locations of the bearing edges and obtain accurate values for them. We need to resolve the apparent discrepancy in the selection of the nominal shim for the outer radius. Then we can start on the task of evaluating the effect of deformation of the shims at the inner radius (or for that matter the reduction in glue line thickness at the many glued interfaces). 
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