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1. Introduction

There are many outstanding mechanical issues that need to be addressed on NOVA.  At this time it appears that the collaboration prefers the totally active scintillator design (TASD).   The main mechanical engineering issues with TASD are how to build it and how much it will cost.  The short term goal of this paper is to lay out a practical R&D plan for the rest of FY04 and all of FY05.  This plan will include major milestones and estimates of effort needed.   This exercise needs to be done in the next few weeks in order to make the FY05 budget request.  This paper will be dividing into three parts in order to address these issues.  The first part will examine the mechanical issues associated with constructing a large structure out of PVC extrusions which would be required in the TASD design.  The second part of this paper will examine the mechanical issues associated with constructing liquid scintillator modules.  These issues will be common to both the baseline and the TASD design.  Finally, the facilities for the detector need to be addressed.  
2. Constructing PVC Extrusion Structure

Under the TASD design the detector will be constructed entirely from the PVC extrusions that will make up the detector components.  The modules will be alternately oriented horizontally and vertical planes.  The June 2004 Update to the NOVA (P-929) Proposal - Appendix B can be consulted to find details of the proposed design.  The construction issues associated with the TASD design can be broken down into two categories: how to assemble PVC extrusions together; and the structural integrity of the PVC extrusions under loading.
21  Assembly of PVC Extrusions

In the TASD design walls of PVC extrusions will be formed that are 17.5m x 17.5m.  Other cross sections are also under considerations such as a 15m x 15m design which would require increasing the length of the detector to keep the mass constant.  Decreasing the cross section of the detector can have a significant affect on the design of the extrusions because it reduces the pressure/load on the bottom extrusion which must bear the weight of extrusions/scintillator above them.  Also, smaller cross sections of the detector reduce the requirements for flatness/straightness required for constructing a large plane.  A smaller cross section also reduces problems associated with handling large extrusion modules.  The extrusions within a plane will be oriented horizontally and vertically on alternate planes.  The main issues associated with the construction of such a wall are the following

· What is build up of tolerances that can be expected from the extrusions?

· What perpendicularity and flatness of each wall can be expected or is needed by the bonding method?  What is the spacing between “bookends”? 
· What problems associated with the thermal expansion of the PVC can be expected?

·  How much bulging of the PVC extrusions cells is expected and how does this affect the bond between extrusions?

· Is it possible to epoxy extrusions together?  What is the strength of the bond?  What percentage of coverage would be needed to obtain an adequate bond?  What ES&H issues are associated with gluing such large surfaces?  How would the epoxy be applied? How much would be needed and at what cost?

· Is it possible to use PVC welding to attach the extrusions together?  How reliable is this method - do we have to worry about burning through an extrusion and causing a leak?

· Is a mechanical connection between modules possible?  Is it possible to have threaded rods connect and compress the stack?

· Will entire planes be constructed and then raised as a unit like MINOS or will individual extrusions be stacked?  

2.2 Structural Integrity of Extrusions

The extrusions in the TASD design act as the main structural member.  The bottom horizontal extrusions must support the weight of all of the extrusions above without buckling.  Similarly, the vertical extrusions must be able to withstand at the bottom the pressure created by 17.5m of head from the liquid scintillator.  Closely associated with this is the design and strength of the manifold and the method for sealing the bottom of the extrusion.  These issues though will be addressed in Section 4 below.  The main questions/issues about the structure integrity of the extrusions are:

· What are the correct boundary conditions for modeling the bottom horizontal extrusions?  How much support will the extrusions on either side of a given cell provide?  How does the bonding method discussed above affect this?  Do we epoxy bond the bottom extrusions but weld the upper ones?
· For the horizontal extrusions, how is the load from the extrusions above transferred?  Is the load applied to the side wall directly or is it distributed over the side surface which will result in increasing the internal pressure?

· What are the properties of PVC and what is an acceptable stress limit?  

· What is the minimum thickness that is needed to provide structural integrity?  2mm, 3mm, 4mm??  What is the thickest side wall that can be extruded?  
· What is the internal geometry of the cell?  Chamfers on the internal cell appear to reduce stress concentrations, how large can these chamfers be?  

· What is an appropriate safety factor for failure and for buckling?  

· How much area along the bottom of the extrusion needs to be supported.  

3.  Module Mechanical Issues

In both the baseline and the TASD design modules will be constructed from the PVC extrusions.  The design of these modules will be very similar and therefore will have common issues.

· What is design of the manifold?  Do we need internal fiber guides like the MINOS modules?  Will we be using a connector or a cookie?  Does this connector/cookie have to be leak tight?

· What air vents are needed in the manifold?

· What connections on the manifold are needed for filling the module with scintillator?

· How will the manifold be bonded to the extrusion?

· What problems can be encountered during filling?  Is there a possibility of trapped air or bubble creation?  

· Does scintillator have to be mixed on site?  Does it need filtering?  How fast can we fill?

· What is the delivery rate of scintillator?  How much storage is needed on-site?  

· What is the method for distributing the scintillator from a storage tank to the modules? 

· What spillage containment is needed?  Do we have to have containment for the entire detector volume?  If not, what fraction?  

· What fiber size will be used?  What is its maximum bend radius?  Does it interact with the scintillator over the long term?

· How do we insert the fiber into the extrusion?  How do we keep the fiber anchored at the bottom of the extrusion?  How do we keep the fiber out of the corners of the extrusion?

· How is the bottom of the extrusion sealed?  Is it necessary to have a each cell connected to each other for the scintillator flow?  What is the maximum pressure that the bottom connection needs to withstand?  
· What are the pros and cons of possibly having the modules at a 45 degree angle?   

· Does the sequence of filling the modules matter?  For example, in the TASD design adjacent modules may need to be filled together in order to provide support.  What implications does this have for the assembly of the detector?  

· What cleaning of the extrusions is required?

· What program/method of leak testing will be performed on completed modules and how will leaks be fixed?

· How can some of the module assembly tasks be automated?  What factory machinery/fixturing/tooling is required?  

4.   Facilities

The NOVA detector will need a building with support services.

· What size of building is needed?  What crane size and travel is needed?  

· What accommodations are needed to contain a spill?

· What piping/storage tanks are needed for the scintillator?

· What office space is needed?

· What are the requirements for temperature and humidity?

· What storage space is needed during assembly? 

5.  Conclusion

This paper has attempted to identify the mechanical issues that need to be addressed in order to successfully design the NOVA experiment.  An attempt has been made to categorize these issues/questions into several broad groupings.  The next step for moving forward should be the following:

· Prioritize the issues/questions within each category.

· Develop a plan/experiment/test for addressing each issue.

· Assign each issue to an institution/individual with a deadline.  

