Geometric Calculation of the Affect of Varying Shim Thicknesses
Ruler measurements have been used on EBC to understand the geometric shape of the Tilecal while it was being constructed.  A geometric model has been created to estimate the affect of changing the thickness of the inner and outer radius shims.  This model was then used to calculate the ruler measurements for each module and how they differ from the nominal measurements with the nominal shims.  Figure 1 shows the difference from nominal for the 4 fiducial marks (FMs) when a 2.0mm (+0.5mm from nominal) shim is used at the IR and a nominal 1.9mm shim is used at the OR.  
Figure 1
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The geometry is calculated by first calculating the change in the angle due to the change in shim thickness.  The equation below is used:
Delta angle = atan [  ( (IR-1.5) - (OR-1.9)  )/1842.27 ]

IR is the shim thickness at the inner radius and OR is the shim thickness at the outer radius.  1892.27 is the distance from the inner radius to the outer radius shims along the side of the module.  

The chord length between FM on adjacent modules at the same radius was calculated.  The X,Y position of each FM on the first module was calculated simply using the radius of the FM and the half angle (5.625/2) and adjusting for the shim thickness.  The X,Y position of the 2nd module in place was then calculated as the following.
Xn+1 = Xn + L*cos(n*a + delta)

Yn+1 = Yn + L*sin(n*a + delta)

L=chord length adjusted for the shim thickness
n = # of modules in place.

a = 5.625 degrees

delta = delta angle due to the shim thickness

The ruler measurements was simply twice the value of the X position.
