PPPL-NCSX Memorandum

To: P. Goranson, ORNL
From: F. Dahlgren, PPPL

Date: 31 Jan. 2006

Subject: Supplemental Analysis of NCSX SXR V.V. Spacer Modifications.

Cc: W.Reiersen, B.Nelson, T.Brown, M.Cole
A preliminary analysis was performed on the NCSX VV Spacer which incorporates the recent addition of 15 SXR diagnostic ports. An IGES file containing the geometry of the current spacer and port configuration was provided by T. Brown. The FEA model generated from this geometry is shown in Figure 1. The model assigned thicknesses of the shell as 0.375”, the added port nozzles and closure plates as 0.188” and the spacer reinforcing flanges as 0.65” thick 626 Inconel. Minimal boundary conditions were applied to eliminate the rigid body modes (RB modes, ie. They fix the model in space). Since the vessel spacer segment will actually be welded to adjacent field period segments to form a complete 360 deg. structure, this analysis should provide an upper bound “worst case” boundary condition for evaluation of stress and deflection due to external atmospheric pressure. Figure 2. is a contour plot of the displacement magnitudes (ie. The SRSS of the displacements dx, dy, dz in a rectangular coordinate system). The maximum displacements are seen to be approximately 0.064” occurring in red contoured areas. These displacements are comparable to the displacements seen in this region in the global vessel analysis without the additional ports. There does not appear to be any significant reduction in the spacer stiffness due to the added ports.
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Fig.1 FEA Model of NCSX VV Spacer w/SXR Port Mods.    Fig.2. Displacement (SRSS) Contours For 1 Bar External
Figure 3 is a contour plot of the Tresca stresses on the Z1 outer surface of the vessel spacer. The peak Tresca stress is seen to be approximately 11.3 ksi (~77.9 MPa). These peaks (red & dark pink contours) occur at the inner edge of the flanges just adjacent to the rigid body constraints and are to some degree an artifact of these constraints. In the fully assembled vessel the RB constraints are spread over the full poloidal extent of the flanges and the peak Tresca stress will be significantly less than what we see here. Figure 4. is a contour plot of Tresca stresses on the interior Z2 surface of the vessel and flanges and the peak red contours are seen to be approximately 8.1 ksi (55.8 MPa) again occurring in the flange areas adjacent to the RB constraints. The difference in peak stress from interior to exterior flange surface indicates there is some bending occurring in the flanges (also due in some part to the nearby constraints).
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Fig. 3 Tresca Stress contour Plot for the outer surface          Fig. 4 Tresca Stress Contours For the interior spacer surface
           of the vessel spacer for a 14.7 psi exterior loading                  of the vessel spacer for a 14.7 psi exterior loading

Disscussion & Conclusions:

The addition of the 15 SXR diagnostic port flanges do not introduce any compromise to the structural stiffness or load carrying capacity of the NCSX VV spacer segment. The peak stress intensity seen in the analysis of 11.3 ksi, is within the project allowables for 625 Inconel. The average membrane stress in the flanges and shell are in the range of 6 – 7 ksi and at the peak stress regions is 9.7 ksi. For room temperature 625 Inconel the 1/3rd ult (minimum), 2/3 minimum yield criteria allowable is 36.6 ksi, and at 600 deg.F (350 deg.C) it is 31.6 ksi (217.9 MPa) per Ref.1. These allowable values provide a comfortable margin when compared with the maximum stresses seen in the spacer segment in the analysis.
While normal atmospheric pressure loading imposes stresses well within the allowable limits for the SXR modified spacer segment other off-normal loading conditions may produce significantly higher stresses in some areas of the vessel  ( eg. The VDE disruption loads as described in Ref.2-and summarized in Table 2 of that report). The areas of peak stress for various off-normal disruption loads shown in Ref.2 are generally in the shell-port interfaces or in the shell itself in the vicinity of the small radius of curvature regions which are some distance removed from the spacer segments. A supplementary model which includes the new SXR modifications of the spacer segment is planned to confirm these conclusions under all loading conditions.
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