Clearance and tolerance issues on the Super Crystal array.





1.  Introduction


Having established an overall design proposal for the End Cap Detector it is now timely to review in detail various aspects of the design proposal. One such issue concerns the allocation of clearance space and the tolerances assigned to individual items of equipment. This a necessary procedure to ensure that the ongoing design activities do not each lay claim to space allocated for other purposes.


After discussions with the design team it now seems clear that we should as a first step review the space and tolerances allocated to the SC array. It is vitally important at this stage that we agree in some formal manner why we allocate clearance and to establish the tolerances assigned to individual components in such a manner as to prevent any conflict in the later stages of the design exercise.


The following notes are a first attempt to record the thinking so far on these matters.





2.  Clearance around the Super Crystal envelope.


After considerable debate within the engineering design team it is the consensus opinion that it would not be practical to envisage building up the array of SCs on the Dee in a sequential as fitted manner. In practice this would involve the new SC being somehow adjusted into position relative to the SCs already mounted on the support plate during the SC mounting procedure. The dangers in adopting such a customised approach are enormous and it is considered that such an approach would put at risk all of the work undertaken prior to assembly of the Dee.


The clearance requested around the datum SC envelope with the SC mounted in position on the support plate is required to account for :





a.  To take account of all of the uncertainties in achieving the datum mounting positions during the assembly of the SC array on the support plate.





b.  To allow for the deflections under gravity of the SCs when they are mounted on the support plate.


This clearance is defined as the space required around a maximum SC envelope with the SC mounted exactly in its datum position on the support plate.





Comments :





a.  It is difficult to estimate what clearance to allocate for mounting procedures and the final decision regarding the clearance required to cover this aspect of the design will be made after tests on the quadrant model.





b.  The deflections to be expected from gravity loading on the SCs have been studied using FEA techniques for simple models and the crystal support structure has been chosen such that the maximum calculated deflections are at least one order of magnitude down on the overall clearance allocated around the SC. It should be noted however that the FEA results are for a simple cantilevered example whereas in practice the SCs are pointing and the Dee is rotated between a horizontal and vertical axis during construction and installation. This leads to a complex set of deflections which it is not practical to calculate using FEA techniques. This problem will also be assessed using tests on the Quadrant model.





3.  Alignment of the SC envelope.


In estimating the clearance space required around the SCs to take account of the subjects discussed above it is assumed that this clearance space is made available over and above the maximum envelope dimensions defined for the SC. In practice the SC must be assembled to some acceptable tolerance level and the tolerances must be negative on the maximum agreed envelope dimensions.


The datum for the assembled SC envelope will be provided by the rear surface of the back housing of the SC module. To ensure that the SC is assembled to meet the agreed maximum envelope dimensions it will be necessary to develop some alignment procedure to bring the rear housing and interface plate together such that the alveolar envelope is maintained within the overall envelope defined for the SC. In practice this means that space must be allocated over and above the maximum envelope defined for the alveolar to compensate for alignment during assembly of the SC. It should be noted that this space allocation is in addition to the clearance space discussed in the previous section.





4.  Tolerances on the alveolar envelope.


The space allocations requested for alignment procedures discussed in section 3. assume a set of maximum dimensions for the alveolar. As a manufactured item however the alveolar needs to be specified with dimensional tolerances and again these tolerances will be negative on some datum value.


For a manufactured item such as the alveolar it is necessary when defining tolerances to bear in mind that it will be necessary to develop some form of acceptance testing and that the tests must be chosen such that the manufacturer can tune the fabrication process to achieve high yield against the agreed acceptance criteria.


Given the complexity of the fabrication process and the nature of the finished product it is not practical to envisage an acceptance test programme based on a simple dimensional verification of the alveolar shape to specified drawing dimensions. One possible approach to this problem could be to develop an acceptance test programme based on gauge measurements on the alveolar envelope when fitted with 25 nominal dimensioned dummy crystal shapes. This would check that the pockets in the alveolar were correct as well as confirming that the overall envelope was to specification when loaded with crystals. An addition test to measure wall thickness in the alveolar structure could be developed to ensure that no weak spots existed in the structure.





5.  Summary


This technical note does not attempt to assess the values of clearance and tolerance requirements. This task is clearly in the domain of the individual design teams involved in detailed design of the equipment. However the comments made in this note should alert the design teams to the need to quantify their individual space and tolerance requirements. This review is not exhaustive and any comments will be most welcome as we expand and develop the subject of clearances and tolerance on the End Cap Detector.
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