Comparison of FEA Calculated Deflections to Measurements During EBC Pre-Assembly

Victor Guarino
Argonne National Laboratory

June 5, 2003

1. Introduction

During the pre-assembly of EBC measurements were taken of the module positions in the cylinder at various points during the pre-assembly process.  Two types of measurements were taken.  The first was survey measurements which were done by the CERN survey group.  Survey measurements were taken of the fiducial marks (FM) on the modules and saddles and compared to their nominal values.  A second measurement which was taken was ruler measurements between the FM’s on modules.  These measurements measured the horizontal and vertical distance between the FM on a module and its mirror image and measured the relative distance between the modules.   These ruler measurements were then compared to the nominal values.  

In order to facilitate the analysis of this vast amount of data the survey data of the position of the FM’s was converted into the same format as the ruler data.  This was done because many more measurements have been taken using the ruler method of measurements.  

The ruler and survey data will be compared to the FEA calculations.  This paper will be divided into three sections.  In the first section the survey data for 32 and 52 modules in place will be compared with the FEA calculations.  In the section, the discrepancy between the assembly and dis-assembly ruler measurements will be examined.  Finally, the ability of the dial indicators to measure the deflection of the EBC will be discussed.

2. Survey/FEA comparison

Survey measurements were taken at 32 and 52 modules in place during the assembly.  Other measurements were also taken at 18 and 64 modules but these will not be discussed in detail at this time.  The addition of shims after module 40 makes it difficult to compare the FEA results with the survey at 64 modules.   Also, at 18 modules the deflections were extremely small which makes meaningful comparisons difficult.  The survey at 32 and 52 modules provide the best method for comparison with the FEA model.  The comparison between the survey results and the FEA will be made at the ITC Inner radius FM, the ITC Outer radius FM, the Finder Inner radius FM, and the Finger Middle FM.  These FM’s were used because these were the ones used for the ruler measurements.  

After realizing that the actual deflection of the EBC was not matching the FEA results the basic assumption of the FEA model that the shims and modules were at their nominal sizes was examined.  It was found that the master plates during stamping were .27mm narrower at the inner radius.  Therefore, it was believed that this has resulted in a corresponding gap between modules that has caused the increased deflection.  A new FEA model was then examined in which a .25mm gap was inserted between modules at the inner radius.  These results are compared with the survey results in the sections below.  

ITC Inner radius FM

Figures 1 shows the relative horizontal position of the modules at 48/52 modules and Figure 2 for 32 modules in place at the ITC inner radius FM.  Both of these graphs show the original FEA model which assumed that all of the modules and shims were at their nominal sizes and the survey results.  In addition, the results of a FEA model which had a .25mm gap at the Inner radius is shown.  The results of this model more closely follow the survey results than the original FEA model.  However, up to a 5mm difference still exists between the survey results and the .25gap FEA model at module 40.  This difference is only 2.5mm in the case of 32 modules in place during assembly.   

Both of these plots also shows an inflection in the survey data at module 40.  This inflection is due to the insertion of shims between the girder and link plates at that point in order to bring the modules back to their nominal position.  The addition of special shims after this point (module 40) makes it impossible to make a comparison with the FEA results.

[image: image1.emf]Figure 1

ITC - Inner Radius

-25.00

-20.00

-15.00

-10.00

-5.00

0.00

5.00

1 -- 2 11 -- 12 21 -- 22 31 -- 32 41 -- 42 51 -- 52

Module Pair #

Measured - Nominal (mm)

48FEA 52 Survey .25 gap


[image: image2.emf]Figure 2

ITC - Inner FM 

-16.00

-14.00

-12.00

-10.00

-8.00

-6.00

-4.00

-2.00

0.00

2.00

1 -- 2 11 -- 12 21 -- 22 31 -- 32

Module Pair #

Measured - Nominal (mm)

32FEA 32 Survey .25 gap


Finger Inner Radius FM
Figures 3 and 4 are similar plots of the survey measurements and the FEA results for the Finger Inner radius FM.  Similar to the ITC Inner radius FM the FEA model with the .25mm gap closely follows the survey data.  The difference between the FEA model with the .25mm gap and the survey data is smaller at this FM.  Also, the same inflection at module 40 due to the addition of radial shims can be observed.  
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Finger Middle FM
Figures 5 and 6 show the same results for the middle FM on the Finger side.  The FEA model with the .25mm gap very closely matches the survey data.  Also, the same inflection at module 40 due to the addition of radial shims can be observed in the survey data. 
[image: image5.emf]Figure 5
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ITC Outer Radius

The survey and FEA results are shown for the ITC Outer Radius FM in Figures 7 and 8.  Once again, the FEA model with the .25mm gap closely matches the survey data.  Also, the same inflection at module 40 due to the addition of radial shims can be observed in the survey data.

In Figure 8 at module 24 an anomaly in the data occurs.  At this time no explanation can be given for the sudden reduction in the relative distance between modules at this point.  If this data point were real, however, a similar jump should also be seen in Figure 7 for 52 modules but this is not the case.  Therefore, it is felt that this is simply a bad data point and should be ignored.
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 Conclusions
The following conclusions can be made from the comparison of the FEA models and the survey data during assembly
· A .25mm gap at the inner radius can explain the larger than expected deflections that occurred during assembly. 

· Discrepancies between the FEA model with the .25mm gap and the survey at the inner radius could be due to the accuracy of the measurement/FM placement of 1.5mm.  
· During Barrel assembly the shims at the inner radius should be increased by .25mm to account for the narrow modules.

· The survey data should include the same module numbering system as the ruler measurements to make it easier to compare data.

· There should be greater consistency in the measurements that are recorded in order to facilitate comparisons during assembly and dis-assembly.  For example, every 4th module should always be measured.  

3. Disassembly

The deflections during dis-assembly should match those of assembly because the stresses on the EBC components and connections are well below the plastic limit.  It is difficult to make comparisons between the ruler measurements during assembly and disassembly because measurements were not always taken on the same set of modules.  However, the results of the FEA analysis discussed above show that even small deviations from the nominal dimensions can cause significant changes in the location of the modules.  There are two potential causes for the differences between assembly and dis-assembly: compression of the shims and rotation of the saddles.  


The examination of the shims shows that they have been deformed.  However, it is difficult to determine if the deformation is enough to account for the increased deflections of the cylinder.  


The second possibility is that during the insertion of the 64th module the jacks which were used to create an opening caused the saddles to rotate.  However, an examination of the survey data at 18, 32, 52 and 64 modules is inconclusive.  If the position of the saddle FM’s at module 18 are used as a baseline then very little movement occurred in the horizontal (Y) direction between 18 and 64 modules.  The tables below list the change in the horizontal (Z) and vertical (Y) movement of the FM’s on the saddle using 18 modules in place as a baseline.  The data in the tables represents the average of the 4 FM at each position on the saddle and 2 FM at each position on the saddle support beam.  A movement of several mm’s did occur in the vertical (Z) direction on the FM on the saddle.  This probably does not reflect a rotation of the saddles but rather is the result of adjustments of the supporting hydraulic jacks and the compression of shims.  The variation between the different stages of assembly at each of the saddle FM falls within the accuracy tolerance of the survey measurements.  The RMS values of the FM measurements on the saddle support beam are quite large which would indicate a problem with the survey of these points.
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Top Saddle FM

	
	Average
	RMS

	
	Delta Y
	Delta Z
	Y RMS
	Z RMS

	32 modules- 18 modules
	.7
	1.4
	0.5
	0.3

	52 modules - 18 modules
	1.0
	2.6
	0.5
	0.3

	64 modules - 18 modules
	1.1
	3.2
	0.5
	0.4


Bottom Saddle FM

	
	Average
	RMS

	
	Delta Y
	Delta Z
	Y RMS
	Z RMS

	32 modules- 18 modules
	0.1
	0.9
	0.1
	0.1

	52 modules - 18 modules
	0.2
	2.0
	1.0
	0.7

	64 modules - 18 modules
	0.1
	2.6
	0.2
	0.3


Inside Saddle Beam FM

	
	Average
	RMS

	
	Delta Y
	Delta Z
	Y RMS
	Z RMS

	32 modules- 18 modules
	0
	0.7
	0.2
	0.2

	52 modules - 18 modules
	0.1
	1.6
	2.3
	2.3

	64 modules - 18 modules
	0.1
	2.2
	0.3
	0.5


Outside Saddle Beam FM

	
	Average
	RMS

	
	Delta Y
	Delta Z
	Y RMS
	Z RMS

	32 modules- 18 modules
	0.1
	0.7
	2.3
	2.4

	52 modules - 18 modules
	0.1
	1.7
	2.2
	2.3

	64 modules - 18 modules
	0.2
	2.3
	0.3
	0.5


The dial indicators are another potential source of data on the rotation of the saddles.  However, an examination of this data has proven inconclusive.  No significant change in the values of the indicators was seen between 52 modules and 64 modules which would have been expected.
4. Conclusions

The FEA analysis which was based on the assumption of nominally sized modules and shims fails to predict the actual deflections that were seen during pre-assembly.  However, an updated FEA model with a .25mm gap to simulate the fact that the master plates are .25mm narrower at the inner radius does closely model the measured deflections during assembly. 


The difference between the assembly and dis-assembly measurements cannot be explained at this time.  Two potential sources are the deflection of the shims and the rotation of the saddles.  Additional data is needed on the position of the saddles during dis-assembly in order to understand what has occurred.  


Several lessons for the barrel assembly can be learned.

· The inner radius shims should be increased by .25mm

· The ruler measurements should be taken consistently throughout the assembly process.  Possibly every 4th module measured.

