To: M. Ono							Aug. 7, 1997


From: P. Bonanos						Ref: 1X-970807-PB-01


Subject: NSTX Design Review








Summary:





A Final Design Review of the NSTX Vacuum Vessel, Plasma Facing Components and the outer part of the Toroidal Field Coil, held Thursday, July 31, 1997 in Room B318 was successful.





All the presentations describing the design were given by John Spitzer and Brad Nelson of ORNL.





The Review Board included Peter Bonanos (chair), Paul Anderson (GA), George Barnes and Joel Hosea as well as the speakers. 





Also present were: P. Heitzenroeder, C. Neumeyer, M. Ono, J. Malsbury, S. Zweben, M. Peng, D. Johnson, G.Pitonak, S. Ramakrishnan, R. Maingi, R.Kaita, W. Slavin, J.Chrzanowski, S.Kaye, H-M Fan.





A meeting to discuss the chits and the additional comments listed below was held with WBS  and Project Managers on Aug. 5.





There are 29 Chits summarized on the attached list and the Board concurred with all but one ( # 27 ) which suggested an alternate design for  graphite tile attachment. 





There was a general concern with this aspect of the design primarily due to the space allocated for graphite protection of the central stack and the thin edge distances available for pin supports. The following morning, in discussions with M. Ono, an additional thickness of 1.2 mm, as requested by Brad Nelson, was added to “the envelope” for this component.





Two tests of the tile and its’ attachment are proposed, one, as described in Chit #4, suggests heating the tile and its support in a furnace with a weight attached to the face to simulate a pressure tending to rip out the tile, and the second, by B. Nelson, requests funds for a test to simulate the surface thermal power deposition by irradiation using an intense beam. The outcome of the test results may resurrect the suggestion of Chit #27. 





Additionally the chair adds the following comments not specifically covered or emphasized by chits:





Graphite Tiles:





The center stack of NSTX underwent a formal design review earlier and, I am told, covered the thermal design of the tiles mounted on the central magnet coils. The structural design of the tile mounts on the center stack, shown in this review, was not then available. This is an integrated design problem and we trust that the two aspects of the design, i.e thermal and structural, are still consistent and adequate in the absence of a comprehensive, combined review.





Electromechanical loads on tiles are, presented as pressures, forces and moments. No eddy current patterns, arising from plasma disruptions, are presented for the individual tiles and their mounts. Some analysis, either by hand calculation or computer code is warranted to justify the values used.





Vacuum Vessel:





The adequacy of the design was presented using a three step process:





	(1) constructing a structural model, 


	(2) applying loads to compute stresses,


	(3) comparing the computed stresses to some fraction or multiplier of the material 	yield point.





This process is not always proper or prudent as illustrated by the attached computation which is based on the ASME Boiler and Pressure Vessel Code. A  vessel, similar in shape to the NSTX vessel with the same 0.5” wall thickness, but having no flanges, ports or offsets, is considered. The external pressure permitted by the code is:





	1.91 atmospheres at room temperature,


	1.56 atmospheres at 300C.





The coressponding compressive hoop stresses in the cylindrical wall for these allowed pressures are, respectively 3.8 ksi and 3.1 ksi, and are well below the stated 30 ksi yield point for type 304 stainless steel. 





The pattern of loads due to plasma disruptions should be viewed from this perspective, i.e. do they tend to buckle the vessel. The NSTX vessel is unusual in that the vessel heads  are smaller in diameter than the cylindrical portion. This, I believe, may improve the circumferential buckling strength while reducing the axial buckling strength.





TF Coil Outer Parts:





The outer coil conductors are supported by an original and unusual structure whose behavior is difficult to understand given the few minutes of scheduled presentation.





Coils with similar performance requirements, i.e low field and large volume, have been used at PPLwith success  (the FM-1 machine) and at Livermore and Nagoya ( I don’t know if they had any problems). I believed that all of them used self supporting structures, independent of the vacuum vessel. The FM-1 used a straight, radial, horizontal return leg without “S” bends and the necessary field cancellation was obtained with a one-turn loop placed at at outer corner of the coil, near the turn-to-turn crossovers. It seemed a good idea at the time and, as far as I know, worked well. The NSTX coil uses “S” flex connectors at the highest field region of the coil and links the coil structure to the vessel. The vessel undergoes thermal excursions unrelated to the coil requirements. I suggest that either the concept be re-examined or that all the vessel-coil interactions be examined throughly.





Formalization of Comments:





The above comments are summarized as added Chits numbered 30 to 33. 





Attachments:





	1. Original Chits


	2. Typed Summary of Comments in Chits


	3. List of Participants


	4. Technical note on ASME Code Vacuum Vessels
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