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1. INTRODUCTION
The mechanical development of the CDF Central Crack Radiator (CCR) modules is described in the following.  The design is presented along with analysis of the predicted structural characteristics.  Assembly methods for the modules are presented.  To confirm the analysis and test the assembly methods, two prototypes were built, one mechanical and one fully instrumented, and the results of these are presented.  
The module design constraints and details are presented in sections 2 and 3. Section 4 presents the deflection analysis.  The details of the prototype assembly are presented in section 5.  The QC results of the assembled module as well as the measured deflections are presented in section 6.  Note that section 6.2 contains results of the mechanical prototype and 6.3 the fully instrumented.  
The drawings for the final module parts are contained in the appendix.  They differ from the original drawings mainly in length and width tolerance.

2. DESIGN CONSTRAINTS

The physical size constraints of the modules are listed below.  These represent the available space for the CCR modules in the CDF detector.  

10 tiles

Length = 2279 +/- 1mm  (add 11.5 mm to connector face)
Width ( 54.3 mm

Height ( 7.1mm

Scintillator thickness = 5mm

Fiber diameter = 1.0mm

Clearance for fiber above tile = 1.5mm

Additionally, the module should provide sufficient structural stiffness to allow reasonable free spans between mounting points and also provide a level of safety during handling of the instrumented modules.  Finally the module should require reasonable means of manufacturer that are relatively low cost with realizable tolerances.
3. DESIGN DETAILS

Overall length is 2279mm (+/- 1mm).    Nominal tile dimensions determined as follows:

The fiber groove as drawn is 1.2mm wide with the center of the groove located at 1.0mm from the top surface.  Fiber lays concentric with groove The Tyvek thickness is approximately 0.2mm.  The fiber is shown to be 0.2mm off of the tile surface to account for this.  Similarly, the tile is lifted 0.2mm for the bottom skin to account for this.
The aluminum skin is formed from sheet aluminum 0.81mm thick closest nominal size (0.032 inch) as the desired 0.75mm thickness.  Shims are same material as skins, 0.8mm for economy and are 5mm wide to span most of the vertical side surface of the top and bottom skins.
The aluminum skin is designed with a 0.5mm internal bend radius.  Tile is dimensioned 1mm less than the inside dimension of the skin so that the tile does not interfere with the radius.  No clearance is given for the super reflector  which measures near 0.1mm thick.
Figure 1 shows the cross section of the assembly showing most of the dimensions above.  It can be seen that there is only 1.2mm of clearance available for the fiber above the tile.  Additionally, there is essentially no space left between the tile and top skin.  
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Figure 1. CCR cross-section 
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Figure 2 CCR Top and side views.

4.  DEFLECTION ANALYSIS
Note that the dimension used in this section reflect the original design dimensions which are different from the current design in the length.  The modules are analyzed using simple beam theory.  The modules construction is assumed to behave like a sandwich construction where only the top and bottom skin areas are used for the deflection.  This is the same logic that is used in [1} where it is explained in greater detail.  Using only the top and bottom skin cross section, the inertia of the module is calculated as 
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where do and di are the respective outside and inside thickness of the module light case.  Using the nominal values from figure 1,

b = 50.8 mm

do = 7.0 mm

di = 5.4 mm,

we get I= 7.85e2 mm4.

The deflection is calculated using the beam formula for a simply supported beam under uniform load.  The maximum deflection, δc = 34.7mm at mid span is calculated from:
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using, 

wps+al= 4.17e-3 N/mm 


l=2425mm

E= 69000 N/mm2

I=7.85e2 mm4.

The uniform load, w, is the weight per unit length of the scintillator and aluminum case calculated assuming a 4mm thick PS scintillator (ρps = 1.032e-6kg/mm3) and an aluminum case with cross sectional area, Ac= 81.3mm2 (ρal = 2.7e-6kg/mm3).  

In the case of the mechanical prototype 1, where 4.7mm thick PVC tiles are used instead of 4.0 mm PS tiles, the load is then wpvc+al = 5.50e-3N/mm.  The predicted deflection in this case would then be, δc = 45.8mm.
5. ASSEMBLY OF PROTOTYPE MODULES
Module assembled flat on steel table (manufactured flat to +/- 0.05 mm).  Shims placed under side piece.  Used super glue to secure first and last pieces of PVC to bottom light case.  DP-810 was applied to the side pieces through a narrow syringe.  Then they were placed on light case using four people to help properly locate the light case pieces and keep them from falling off.  Rectangular aluminum (1" x 0.5"?) bars were placed against side pieces and the whole assembly was clamped in about 5 places along the length.  Large C-clamps were used due to the width of the assembly (+ aluminum bars).  The large clamp pads caused the aluminum bars to rotate even with slight pressure (which was needed to maintain even contact along the length.  The bars were sprayed with mold release to prevent DP-810 from contacting the bars.  Weights were placed on the aluminum bars to prevent this rotation.  A long aluminum bar was placed across the top skin to keep the top in contact with the bottom.  This process took about 9 minutes (DP810 working and set-up time is 10 minutes).  After an additional 10 minutes, the clamps were removed and the module was scraped off of the steel table before any additional hardening could take place.  The module was loosely stuck at about 4 places along the length and was easily removed.  The module was placed on supports (38.1mm high) near the ends of the module to see the deflection.  The module did not tough the table in the center but there was a concern that it was moving and that the epoxy might be creeping prior to a more permanent set.  It was immediately taken off of the supports and placed flat on the steel table.
It is planned to have simple fixturing to make the assembly more efficient and to provide better holding of the pieces while the glue cures.
6. QC DATA FOR PROTOTYPE MODULES
6.1 Assembly Tolerance 

The light case parts made for the CCR prototype module were inspected prior to assembly and compared with the desired design tolerances.  The design tolerances are very tight considering that the parts are formed from sheet metal.  One purpose of this prototype was to determine if these tolerances were possible and at what effort.  Figure 3 shows the dimensions that were inspected.  The view in figure 2 is the Y-Z plane with the positive x-dimension running into the page.  Measurements were taken at 200 mm increments.  The measured dimensions are shown in table 1.  Both the top and bottom were measured in the orientation shown in figure 1 so that in the assembly, sides t1 and t2 of each channel meet up.  Therefore, in the assembled state, the total module height should be the sum of t1 and t2 at each x-location for each channel.  These predicted values are also shown in table 1.   While it can be seen that the channels deviate from the design tolerances, the measured dimensions are quite satisfactory considering the manufacturing process.  
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Figure 3.  Diagram of inspected dimensions of mechanical prototype.
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Table 1.  Limits of inspection dimensions based on design tolerances of individual pieces and with the assumption that the aluminum skin is nominally 0.8mm thick.  Note that the tolerances of the current design as depicted in the Figures 1 and 2 and in the appencdix drawings shows different width tolerances.  This now allows the highlimts of Wo and Wi to be 52.8 and 51.2 respectively.
6.2 QC values for the CCR prototype 1 (mechanical) 

6.2.1 Measured values for the CCR prototype 1 (mechanical) 

The top and bottom cases of the mechanical prototype (prototype 1) were chosen from a set of skins made wand were arbitrarily assigned the names Channel 2 and3.  The dimensions of the cases were measured prior to assembly (table 2), and the data used to predict the assembled dimensions (table 3).  These values were then compared to the measured values of the assembled module to understand what assembly errors are introduced (table 4).  
[image: image7.wmf]Channel 2 (bottom) 

Channel 3 (bottom)

x

Wo,

2

Wi,

2

t

1,2

t

2,2

W

o,3

W

i,3

t

1,3

t

2,3

0

52.8

51.2

3.4

3.6

52.5

50.8

3.4

3.3

200

52.5

50.9

3.6

3.6

52.5

50.8

3.4

3.5

400

52.5

50.9

3.6

3.6

52.4

50.8

3.4

3.5

600

52.6

51.0

3.7

3.6

52.3

50.7

3.3

3.7

800

52.5

50.8

3.7

3.8

52.2

50.7

3.3

3.6

1000

52.4

50.8

3.7

3.7

52.3

50.7

3.4

3.5

1200

52.5

50.8

3.7

3.7

52.3

50.7

3.5

3.5

1400

52.4

50.8

3.7

3.7

52.3

50.7

3.4

3.4

1600

52.5

50.9

3.8

3.8

52.4

50.8

3.5

3.2

1800

52.7

51.1

3.6

3.7

52.6

51.0

3.4

3.3

2000

52.5

51.0

3.6

3.7

52.6

50.9

3.4

3.4

2200

52.5

50.9

3.7

3.6

52.5

50.9

3.5

3.5

2400

52.6

51.1

3.7

3.6

52.5

50.7

3.3

3.6

average

52.53

50.94

3.64

3.65

52.40

50.78

3.40

3.46


Table 2 Measured dimensions of top and bottom light case (channel 2 and 3 respectively) prior to assembly. Bold indicates that the measurement is outside the design tolerance.  Dimensions correspond to figure 2.  The identifiers 'channel 2' and 'channel 3' are simply terms used to distinguish the actual channels used in the assembly from several that were made.  Measurement of accuracy of Wi,k and Wo,k is +/-0.1mm.
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Table 3.  Predicted assembled dimensions based upon the measurements in table 2.  Note that t1 and t2 of the two channels match when assembled and therefore the assembled height is the sum of these.  Ws,p is determined as the (maximum of WO,2 and WO,3 ) + 1.6mm (the nominal width of the side pieces).  
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Table 4.  Actual assembled dimensions based upon the measurements in table 2.    

Table 4 lists the measured dimensions of the assembled prototype and compares them to the predicted values.  The dimensions are generally within the defined tolerance range  (compare to figure 1) with few deviations.  The width is below the tolerance at three points with the maximum excursion of 53.83mm or -0.17mm.  The height tolerance is exceeded both high and low for roughly half the measured values with the minimum and maximum deviations for the tolerance band of -0.32mm / +0.21mm.  
6.2.1 Deflection Measurements of CCR Prototype 1
The actual midpoint deflection was measured for the prototype after construction.  The deflection was measured twice with the module being rotated about the long axis 180 degrees for comparison.  The resulting values theoretically should be equal but were found to differ at 39.4mm and 44.4mm mid-span deflection for the respective side 1 and side 2 facing up. The unsymmetrical deflection is likely due to some built-in pre-strain that occurred during assembly.  Averaging these two values to negate the assembly effects gives a deflection value of 41.9mm which is within 10 percent of the predicted deflection of 45.8mm (section 4).  

6.3 QC values for the CCR prototype 2 (fully instrumented) 

6.3.1 Measured values for the CCR prototype 1 (fully instrumented) 

The top and bottom cases of the mechanical prototype were arbitrarily designated as Channels 0 and 1.  The dimensions of these cases were measured prior to assembly (table 5), and the data used to predict the assembled dimensions (table 6).  These values were then compared to the measured values of the assembled module to understand what assembly errors are introduced (Table 7).  
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Table 5 Measured dimensions of top and bottom light case of prototype 2 (channel 0 and 1 respectively) prior to assembly. Bold indicates that the measurement is outside the design tolerance.  Dimensions correspond to figure 2.  The identifiers 'channel 0' and 'channel 1' are arbitrary names of the channels used in the assembly.  Measurement accuracy of Wi,k and Wo,k is +/-0.1mm.
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Table 6.  Predicted assembled dimensions based upon the measurements in table 5.  Note that t1 and t2 of the two channels match when assembled and therefore the assembled height is the sum of these.  Ws,p is determined as the (maximum of WO,0 and WO,1 ) + 1.6mm (the nominal width of the side pieces).  
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Table 7.  Actual assembled dimensions based upon the measurements in table 2.    

7. CONCLUSION
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APPENDIX A - Module Part drawings
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Figure A1.  CCR module case.
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Figure A2.  CCR Scintillator
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Figure A3. Side Piece   
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Figure A4. Top Module Case

APPENDIX B- Time Dependent Deflection tests - Prototype 1
As described in section 5, a time dependent increase in deflection was observed immediately after assembly which is potentially attributable to the uncured epoxy.   Several simple tests of the deflection were carried out over time using the mechanical prototype 1.  The data presented here is preliminary and unconfirmed and is listed in this appendix for information and reference only.  Strong conclusions should not be based strictly based on these test results.

The first test was done after allowing the module adhesive to further cure overnight on the flat assembly surface under no load.  The module was then simply supported and the deflection was measured over the next week.  The results are shown in table B1.  There was no temperature or humidity control of the environment.  Side 2 deflection was measured.  

The second test was repeated five months later and placed in a temperature controlled room.  Table B2 shows the data and figure B1 compare the two tests.  Both tests show some evidence of a time dependent increase in deflection that converges.  The initial deflections as well as the rates are different however for both tests.  The data indicates stability over the short term but a more rigorous test would be needed for a stronger conclusion.

[image: image17.wmf]Date

Day

Deflection

dx(t) [1]

3/12/03

0

44.5

0.0

3/12/03

0.21

45.7

1.3

3/17/03

5

46.5

2.0

3/18/03

6

46.5

2.0

3/20/03

8

47.0

2.6

3/26/03

14

47.0

2.6


Table B1.  Test 1 of deflection measurements over time with side 2 up.   Deflection in mm.
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Table B2.  Test 2 of deflection measurements over time with side 2 up.   Deflection in mm.
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Figure B1. Change in deflection over time.
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