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1. Introduction

The pre-assembly of EBC and the Barrel has provided insight into shim deformations and methods for predicting the geometry of the cylinder as modules are assembled.  The cryostat dummy load tests on the barrel also provided experience into how the structure could be expected to deform once the load of the cryostat has been applied.  However, neither of these experiences can be used to anticipate the deformations of the EB when the cryostat load is applied for several reasons.  First, the EB cryostat loading is not symmetric from the front to the back (it is approximately 58tons in the front and 87tons in the back).  Second, the load of the cryostat is applied to the EB in significantly different ways in the front and the back.  In the front the load of the cryostat is applied directly to the inner radius of the modules.  In the back the load is applied to an external support plate.  However, unlike the barrel, the cryostat load is transferred only in the vertical direction to this support plate.  

In the sections below the deflections calculated from the 3D FEA model will be presented followed by a discussion of the recommended method for shimming modules so that the desired shape of the EB can be obtained.  

2. EB Deflections
The deflections for several load cases was calculated in the paper “Analysis of EB Support Saddles and Forces Between Modules During Assembly”.  The cryostat load will be applied with 24 modules in place.  When the cryostat load is applied the EB becomes twisted as shown in the figure below.  The front of the EB deflects downward and is pushed out radially.  The back of the EB moves inward radially and actually moves upward slightly due to the rotation of the saddles from the cryostat load on the back support plate.  
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Figure 1

Exaggerated Deflection Plot of the EB with the Cryostat Load first Applied.
This twist in the EB can be seen by comparing plots of the deflections at the inner radius at the front and back of the EB which is shown in the figures below.  In Figure 2 the horizontal (X) deflections are shown.  The EB is restrained in the X direction on only one saddle.  The bottom modules at the back have moved 1.2mm while the front modules have moved only .2mm.  At Module 24 the inner radius at the front has moved outward by .8mm while the inner radius at the back has moved inward by nearly .4mm.  
Figure 3 shows the vertical deflections at the inner radius with 24 modules in place and the cryostat load applied.  The bottom modules deflect downward uniformly from the front to the back approximately 1.5mm.  At module 24 the back inner radius has actually moved upward by nearly .25mm while the inner radius at the front has dropped by nearly 1.6mm due the front cryostat load being applied directly to the modules.  
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Figure 2
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Figure 3

Figures 4 and 5 shows the horizontal and vertical deflections at the inner radius for when there are 64 modules in place.  The twist in the Tilecal that occurred with the cryostat load was applied at 24 modules continues and grows larger by 62 modules in place.  There is nearly a 2.5mm difference in the horizontal position of the inner radius from the front to the back of the Tilecal.  There is nearly a 2.0mm difference in the vertical displacement of the inner radius from the front to the back.  The differences in position from the front to the back of the Tilecal presents a problem for closing the cylinder and insuring that the link plates mate with the back of the modules.  Therefore, it is clear that differential shimming must occur on the modules above 24 in order to reduce the differences from the front to the back to zero.  
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Figure 4
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Figure 5
3. Proposed Shimming Plan
The following shimming philosophy is proposed.  First, modules 1-24 are assembled using normal shims in order to obtain the nominal cylinder geometry.  Second, after the cryostat load is applied modules 25-32 would be shimmed in order to eliminate any differential deflection along the length of the module, i.e. the deflections at the front and back of modules 31-32 will be the same.  Third, shims will be adjusted on modules 33-64 in order to achieve the nominal geometry of the cylinder.  

In order to eliminate any difference in deflection from the front to the back of the modules tapered shims will have to be used at the inner and outer radius.    The table below shows that the front of module 23 and 24 has to be moved inward by .85-.9mm in X while the back of these modules has to be moved outward by an average of .32mm.  There is also a differential in the vertically (Y) position from front to back of 1.83mm.  
Deflections of Top Module With Cryostat Load- 24 Modules in Place
	
	IR Front
	IR Back
	OR Front
	OR Back

	Horizontal Defl.
	.85
	-.35
	.9
	-.3

	Vertical Defl.
	-1.67
	.25
	-1.35
	.4


This table is illustrated in the figures below.
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The twist in the Tilecal can be corrected by the following shimming scheme:

· The shims at the IR and OR at the front should be increased by .5mm and then tapered to zero at the back until Module 32 has been assembled.

· A radial shim of .2mm is inserted between the link plate and girder at the front and then tapered to zero at the back.  This would occur on modules 25-32.  

	
	Front of EB
	Back of EB

	Inner Radius Shims
	Increased 0.5mm
	0.0

	Outer Radius Bearing Shim
	Increased 0.5mm
	0.0

	Outer Radius Link Plate Shim
	0.2mm shim added
	0.0


Using this shim scheme the top surfaces of modules 31 and 32 should be nearly horizontal and all differences in deflection between the front and the back of the module will be eliminated.  
4. Affect of Friction
Friction between the cryostat and the A-frame supports had a significant affect on the deflections of the barrel.  In the barrel the cryostat load was supported in the radial direction which had a horizontal and vertical component.  The vertical component was equal to the weight of the cryostat and remained constant and independent of the friction.  The vertical component acted to rotate the saddles inward and therefore closing the cylinder.  In contrast, the horizontal component of the cryostat load in the barrel acted to rotate the saddles outward and thereby open the cylinder.  The value of the horizontal component was dependent upon the coefficient of friction between the cryostat and A-frame.  As the coefficient of friction increased the rotation of the saddle became dominated by the vertical component which closed the cylinder and thereby reduced the deflections.

The loading of the cryostat in the EB is completely different from the barrel.  The cryostat load that is applied in the EB is completely in the vertical direction.  The cryostat load in the EB acts to close the cylinder at both the front and the back.  Friction only plays a role in potentially preventing the movement of the cryostat supports as the EB deforms when additional modules are added.  However, the additional deflection of the cryostat support points as modules are added is relatively small so any resistance by friction would not change the deflection of the overall EB.  To check this assumption a model was run with a coefficient of friction of .2 at the interface between the cryostat and the EB.  No change was found in the deflections.
5. Conclusion
The transfer of the cryostat load onto the EB with 24 modules in place causes a twist in the EB and differential deflection from the front to the back of the EB.  If this twist is not corrected quickly then the difference in deflections between the front and back increased as more modules are added to the assembly.  
