Vacuum Vessel Field Period Assembly Support Fixture – Deflection Analysis

An FEA analysis was performed to determine the deflections of a single period segment of the NCSX vacuum vessel under gravity load while being supported with the single period assembly stand. The single field period  support model is shown in figure 1. Four anticipated vessel orientations were evaluated as shown in figures 2a-d. The direction of gravity is vertically down in the four figures below and the basic model rectangular coordinate system and the displacement coordinate systems vary for the various models.
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                               Figure 1. Model of single period VV with  support Trunions
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 Figure 2a. 90 degrees file:model21bbexx2e1.bdf     Figure 2b. 0 degrees file:model2bbexx2f1.bdf
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  Figure 2c. 30 degrees – file:model21bbexx2g1.bdf   Figure 2d. Vertical – file:model21bbexxh1.bdf
90 – Degree Orientation:
The boundary conditions on the model provide vertical support at the lower surface of the two trunions and horizontal (X-dir.) constraints at the upper portion to prevent rotations about the Y-axis. A single Y-direction constraint is applied to remove rigid body translations in that direction. These constraints reflect the assumption of an infinitely rigid supporting structure which implies a built-in end condition at the trunion-support cradle, and assumes adequate friction at the trunion-cradle interface to inhibit rotation about the Y-axis. Since the compliance of the supporting structure is not included these results will slightly underestimate the total deflection of the vessel but should have little if any effect on the metrics on the shell.
Deflections for the 90 degree orientation (gravity in the –Z direction) are shown below (figures 3a-3d), with contours of the vector sum displacements (Mag), and the three orthogonal component directions (X, Y, Z):
[image: image6.png]MSCFEA 2003 12 20-May-05 09.56:07 218004
Finge:5C1:VV_SUPPORT_CORRECTED_C(G.SC, Al Static Subcase: Displacements, Translational-(NON-LAYERED) (MAG)

Deform:SC1:vY_SUPPORT_CORRECTED_C.G..5C, Al:Static Subcase: Displacements, Translational 6.70-002

6.22-002
5.74-002
5.27-002
473002
431002
383002
335002
287002
233002
1.91-002
1.44-002
957-003

473003

2.46-008
defeult_Fringe
Y Max 7.16-002 @Nd 1142
Min 2.49-005 @Ndl 4112
default Deformation
Max 7.18-002 @Nd 1142



[image: image7.png]MSCFEA 2003 12 20-May-05 095655 1.91-004
Fiinge:5C1VV_SUPPORT_CORRECTED_C.G.SC, Al‘Static Subcase: Displacements, Translational-(NON-LAYERED) (<)

Deform:SC1:vY_SUPPORT_CORRECTED_C.G..5C, Al:Static Subcase: Displacements, Translational 1.65-002

1.40-002
114002
8.85-003
6.31-003
3.76-003
1.21-003

135003

-3.90-003

-5.45-003

-2.00-003

116002

-1.41-002

-167-002

-1.92-002
defeult_Fringe

Y Max 1.91-002 @Nd 1852
Min-1.92-002 @Nd 53
default Deformation
Max 7.18-002 @Nd 1142




Figure 3a. Vector Sum (SRSS) displacements      Figure 3b. X displacements
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Figure 3c. Y displacements                                    Figure 3d. Z displacements

The peak net deflection under a 1-g gravity load is 0.072” at the neutral beam nozzle and is primarily the result of vertical displacement with some minor rotation about the  Y- axis. It can be seen that the major component is a vertical (Z – figure 3d) component of -0.071”. The most flexible portion of the vessel is the 3/8” thick shell. The deflection (bending) in the shell is the main source of the vertical displacement, although the slight misalignment of the trunion axis relative to the C.G. of the shell contributes somewhat to the X-axis rotation (~5% of the total deflection).
0 – Degree Orientation:

Figures 4a-d below show the displacement contours for the 0-degree orientation:

(Note these plots also show the undeformed structure represented as a wireframe).
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Figure 4a. Vector  sum -displ.-0-degree model     Figure 4b. Xdisplacements – 0-degree model
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Figure 4c. Y displacements – 0-degree model      Figure 4d. Z displacements – 0-degree model

The local constraints on the trunion supports are basically the same as the 90 degree model discussed above except the locations have been rotated 90 degrees in this model to align with gravity.
The peak displacements for this orientation is ~0.063”. The peak vertical displacement (this model has a positive X-direction for gravity) is shown in Figure 4b as 0.062”. A comparison with the vertical displacements of the 90-degree oriented model gives an indication of the relative effect of the vertical port (port 12) – shell interface stiffness. The vertical deflection is approximately 0.009” less when the  port nozzle is oriented in the stiffer (0-degree) direction. The difference is due mainly to the nozzle-shell interface being locally stiffer in this orientation. There is very little bending in the  0.5” thick nozzle itself in either orientation.
30 – Degree Orientation:
The 30 degree position was modeled as shown in figure 2c. Again the boundary conditions were rotated to align with the 30 degree direction of the gravity load. The following 4 plots in figures 5a – 5d are the resulting contour plots of the various displacements indicated:
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Figure 5a. Vector  sum -displ.-30–degree model     Figure 5b. X displacements – 30–degree model
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Figure 5c. Y displacements – 30–degree model      Figure 5d. Z displacements – 30–degree model

The peak vector-sum  displacement for this orientation is ~0.075”. The peak vertical displacement (this model has a positive R-direction for gravity, labeled as the ZZ direction in the plot) is shown in Figure 5d as 0.067”. Note that the displacement coordinate system is cylindrical  (ie. Polar) with the theta-zero direction rotated 30 degrees off the rectangular coordinate Z-axis, and the R direction being perpendicular to the Y-axis of the basic rectangular coordinate system (with Z cylindrical axis oriented along the Y rectangular axis)(ie. Polar) .
Vertical Support – Fixed at the Bottom:
This support condition, illustrated in figure 2d, constrains the translations of the lower surface of the vertical port flange in  all three directions. Gravity acts in the negative Y-axis direction for this load case.
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Figure 6a.  Mag displ. – Vert.Supp’t. Model                 Figure 6b.  X   displ. – Vert. Supp’t. Model
                 (view looking radially out from center)
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Figure 6c Y displ. – Vert.  Supp’t. Model                 Figure 6d. Z displ. – Vert. Supp’t. Model
The peak vector-sum  displacement for this orientation is ~0.045” and occurs in the area of the inner shell just  outside the minimum radius of curvature of the shell (see the red contoured area in figure 6a). 
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Two alternative support orientations are shown in figures 7a and 7b below. Figure 7a shows the model with full translational constraints at the bottom Neutral Beam transition flange/closure plate. The constraints on the model shown in figure 7b, are at the angled edge flanges and imply an infinitely rigid supporting frame which would mate to the two flanges at the proper angles and be anchored to the floor (which is also assumed to be rigid).
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Figure 7a Supported off NB Port Flange             Figure 7b Supported off Period Flanges
Vertical Support off the NB Port Stub Flange:

The displacement results for the NB flange support model are shown in figures 8a to 8d below:
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Figure 8a The Vector-Sum Mag displacements     Figure 8b The X-displacements (vertical down)
Results using the NB flange support is shown in figures 8a to 8d and indicate a maximum vertical displacement of  ~.013” downward at the ends of the trunion. The peak vertical displacement of the shell is ~0.008”, with relative vertical displacements varying within the shell by -0.003” to +0.008”. 
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Figure 8c The Y-displacements (horizontal)          Figure 8d The Z-displacements (horizontal)

The maximum variation  in shell deflections is shown in figure 8c for the horizontal displacement contours. These vary from  -0.011” to +0.011” (indicated by the red contour for the positive deflection – the dark blue negative contour is hidden on the other side in the rear quadrant of the shell).
Period Weld Flange Support:

Plots of the displacement contours for this support condition are shown in figures 9a to 9c. The Maximum deflection for the vector sum is shown in 9a and indicates a peak of ~0.008”.
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Figure 9a. Weld Flange Support (Vector-Sum)     Figure 9b Weld Flange Support (Vertical-X)
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Figure 9c. Weld Flange Support (horizontal-Y)     Figure 9d Weld Flange Support (horizontal-Z)

Conclusion:

The support scheme with the least relative deflection  in the shell appears to be the weld flange supports but the requirements for rigid attachment to rigid frame is probably not very practical.  Supporting the field period off the NB flange appears to be a reasonable  alternative approach with the total relative vertical shell deflection being about 0.012” or +/- 0.006”. The lateral deflections of +/-0.011” are probably the best that can be achieved with reasonable costing tooling, although it might be possible to minimize the relative shell deflections using temporary adjustable support columns at the trunions (in addition to the NB flange support) to relieve the cantilevered loading from the port 11 nozzle and flange. To put these deflections in some perspective, it should be recalled that a 10 degree F rise in temperature will increase the total length between the two trunions by about 0.012”. 
The figure on the left is a radial outward view of the Z-direction (horizontal)  displacement contour showing the peak Z-displacement of the shell surface at this location ( dZ=  + 0.0312” moving laterally  to the right in this view ). The lateral deflection in this case is actually larger than the vertical displacements shown in figure 6c above and accounts for a large portion of the peak vector sum displacement.
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