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Introduction

So far we have surveyed all the modules built at LBNL with an "old" metrology fixture. When attached to the fixture, the cooling tab of the module under survey is placed on large aluminum plate. A "new" metrology fixtures were produced, where the cooling tab is held only in the close proximity of the "hole" and "slot". The new design follows the method of the module attachment to the barrel support structure of the ATLAS SCT, and exposes most of the back surface of the cooling facing for the metrology survey. This study was initiated as verification crosscheck of the surveys with "old" and "new" fixtures. The second qualification module, Q2, was used to perform the measurements.

Results

The results of the XY survey are shown in Table 1.

Table 1. XY survey results for the "Old" and two "New" metrology frames.
Parameter
Units
Measure
Expect
Tolerance
Deviation
Status






Old
New 1
New 2


Mhx
m
-6499.4
-6500
30
0.6
1.0
-2.1
OK

Mhy
m
-36980.4
-37000
30
19.6
17.8
19.8
OK

Msx
m
38425.5
38500
100
-74.5
-90.0
-51.1
OK

Msy
m
-36989.9
-37000
30
10.1
8.1
16.7
OK

Sepf
m
64087.3
64090
10
-2.7
-2.3
-4.2
OK

Sepb
m
64087.6
64090
10
-2.4
-1.3
-3.6
OK

Midxf
m
-1.0
0
10
-1.0
-0.5
-0.3
OK

Midyf
m
3.6
0
5
3.6
4.2
5.2
OK/NOK

Stereo
mrad
-20.021
-20.000
0.130
-0.021
-0.023
-0.034
OK

a1
mrad
0.027
0.000
0.130
0.027
0.011
0.038
OK

a2
mrad
0.073
0.000
0.130
0.073
0.074
0.102
OK

a3
mrad
-0.023
0.000
0.130
-0.023
-0.037
-0.035
OK

a4
mrad
-0.043
0.000
0.130
-0.043
-0.023
-0.033
OK

Generally, all parameters are consistent across the measurements with different fixtures. Midyf changed by 1.6 m from one extreme case to another. The distance is sizable, compared with the 5 m tolerance. However, the change is comparable to the 1-2 m precision of an individual space point measurement in the XY plane. Changes in Msx are due the surveying algorithm variation of the "slot" edges measurement positions. Planned future program improvements should stabilize the positions in space. This was not done so far because of the inherently large tolerance for the value.
The results of the Z survey are shown in Table 2.

Table 2. The survey results for the "Old" and two "New" metrology frames.
Parameters
                     measure
tolerance
PASS


     Old
   New 1
   New 2



maxZlower [mm]
-0.016 
-0.011 
-0.029 
-0.2
1

maxZupper [mm]
0.006 
0.016 
0.009 
0.2
1

diffModuleThickness [mm]
0.063 
0.069 
0.068 
0.1
1

optimalMaxZerrorLower [mm]
0.031 
0.031 
0.036 
-0.05
1

optimalMaxZerrorUpper [mm]
0.032 
0.026 
0.035 
0.05
1

optimalRMSZerrorLower [mm]
0.010 
0.010 
0.012 
0.025
1

optimalRMSZerrorUpper [mm]
0.009 
0.009 
0.010 
0.025
1

loCoolingFacing a [mrad]
-0.273 
-0.383 
-0.111 
0.5
1

b [mrad]
-0.092 
-0.037 
-1.178 
3
1

loCoolingFacingConcavity [mm]
0.010 
0.003 
0.012 
0.03
1

The parameters in the acceptance criteria list are very consistent across the measurements, except for the loCoolingFacing angles, which varied by non-negligible amounts compared to the tolerance values. The extreme case variation in the angle b is 1.062 mrad. The measurement procedure developed with the old fixture features the lever arm of 4 mm. With the z measurement accuracy of 5 m, this translates to the two-point angular error of 1.25 mrad. The a angle variation was 0.162 mrad. The lever arm of this measurement is 40 mm,

and the two-point angular error is 0.125 mrad. In reality we derive the value of the angles from more than just two measurement points, but the systematic error may still be significant, and partially responsible for the observed variation.
Conclusions 

We have performed the metrology survey comparison with the "old" and "new" design fixtures. The consistency of the results was established. The variability of Msf and loCoolingFacing angle b will be reduced in the near future with the survey program adjustments (module-specific adjustments of the "slot" logitudinal measurements, and enlarged spacing of the measurement points on the cooling facing). The changes were not incorporated in this study for the reason of consistency with the previous survey program.

