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Introduction

A preliminary stress analysis was performed for the NCSX CFC 1st wall shell.  The analysis was performed using a Nastran Finite Element model of a simplified one third (single) period shell as shown in Figure 1. The model consists of standard quadrilateral and triangular plate elements using the CFC material properties summarized in Table 2. These are the properties of a 2-D CFC material (Stackpole-2D -0/90-25% fiber) which was used for the RF limiters on TFTR. The uniform plate thickness used was 0.591" and we utilized the orthotropic material properties at room temperature which were deemed adequate since the anticipated operating temperatures are in the range of 20 oC to 350 oC, and there is no significant variation in elastic properties over this temperature range. The boundary conditions assumed cyclic symmetry to simulate the full 360o , 3-period shell along with the minimal constraints required to supress rigid body modes. The cutouts shown in Figure 1 correspond to the openings for neutral beam and diagnostic port access. The actual disruption loads were applied as directional forces on individual grid points. Two stationary plasma disruption scenarios were examined, an instantaneous disruption of a 175 kA plasma, and similarly, for a 350 kA plasma. Figures 2 & 3 show the force vectors on the model due to the 175 kA disruption, and Figures 4 & 5 show the same for the 350 kA disruption. These forces arise from the interaction of eddy currents induced in the 1st wall shell (generated due to the inductive coupling of the 1st wall with the plasma circuit loop), and the ambient magnetic fields penetrating the shell from the toroidal and poloidal field coils (plus the self fields from surrounding eddy currents). Since these interactions produce a magnetic pressure, the actual discrete nodal forces applied are these pressures integrated over the effective area associated with each grid point. While these loading conditions are dynamic in nature they are applied as a static load on the structure for this preliminary analysis. An investigation of the actual vibration modes of the structure and a modal transient analysis will be performed when the design matures.

Results

Figure 6. shows the radial deflection results for the 175 kA disruption load case. The peak radial deflections are 0.022" and occur near the corners of the narrow vertical port cutouts (shown as dark red areas in the figure). The radial inboard displacements (negative values shown as violet) occur at the opposite top/bottom corners of the cutouts. (Note that the structural distortion shown in this figure reflects a highly amplified displacement scale). Figure 7. is a stress contour plot of the Minor Principal stresses for the 175 kA disruption loading and indicates a peak of -5.1 ksi occuring at opposite corners of the large neutral beam cutouts. Figure 8. is a contour plot of Tresca stress on the outer Z1 surface and shows a peak stress of 4.4 ksi located near the corners of the neutral beam port cutouts and on the front edges of the vertical teardrop shaped port cutouts above and below the neutral beam openings. Figure 9. Is a displacement contour plot of the radial deflections of the shell for the 350 kA disruption loading condition. The peak radial displacement is 0.054" and occurs at the corners of the narrow horizontal port cutouts similar to the peak location for the 175 ka case. Figure 10. depicts the Tresca stress contours on the shell for the 350 kA load case. The peak stress is 8.1 and located at the top of the narrow horizontal port opening (and reciprocally at the bottom for the left side opening). This is the largest stress intensity in the model. 

Disscussion

As expected the higher plasma current disruption produces the higher loads, displacements and stresses. In general the 0.054" peak deflections generated by  the 350 kA disruption loads are tolerable for the fault conditions being examined and will produce strains well within the allowable limits for all CFC materials being considered. The highly localized peak Tresca stress of 8.1 ksi is above the allowable stress intensity limits established for the Stackpole material used on TFTR RF limiters and some other CFC materials being considered for the 1st wall. If, upon the results of a more detailed analysis, it is determined that these stresses still exist, local stiffening at the edges will be implemented to reduce this stress to acceptable levels. Both the deflections and stresses on the 1st wall are deemed manageable, The major analysis results are summarized in Table 1. 

Conclusion

It should be remarked that this analysis is preliminary in nature and reflects a number of simplifications when compared to the actual 1st wall shell configuration anticipated.  A monolithic (uniform thickness & continuous) shell has been assumed here whereas the actual 1st wall shell will be modular and attached to circular, radially alligned ribs. While this simplification tends to produce a less stiff structural model since the stiffening effect of the ribs is not included, the assumption of a fully continuous bending moment spanning the ribs may not be fully realized. The assumptions of uniformity and continuity greatly simplified the modeling required both for calculating the disruption eddy currents and loads as well as the structural analysis. In general the results of the analysis should be moderately conservative both in loading and stiffness, and thereby provides an upper bound solution to the problem. A more detailed analysis will be performed as the detailed 1st wall design emerges. Since the natural frequencies of this structure are anticipated to be significantly lower than the disruption frequency, the static loading should represent a "worst case" upper bound loading condition. This conclusion is further reinforced when the dampening effects of bolted structures as compared to monolithic shells is taken into consideration.
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Figure 6. Radial Deflection of CFC Shell - 175kA Disruption Load (∂RMAX = 0.022")





Figure 7. Minor Principal Stress (Z-2) Due to 175kA Disruption (Peak =  -5,149 psi)





Figure 8. Tresca Stress (Z-1) Due to 175kA Disruption (Peak =  4,474 psi)





Figure 9. Radial Deflection of CFC Shell - 350kA Disruption Load (∂RMAX = 0.054")








Figure 10. Tresca Stress Due to 350 kA Disruption load (Peak = 8,144 psi)





*Results for an orthotropic CFC material Young’s Modulus of E= 4.3E6 psi, and µ = 0.29


Stackpole 2D 0/90 CFC w/25% fiber by volume @R.T.








			175 kA Disruption	350 kA Disruption





Max Force		 	829 lbs			1819 lbs





Max Displ.		0.022”			0.054”	





Max Stress	      -5149 psi(MinPr-Z2)	  8645 psi (Tresca -Z1)	





Table 1. Summary of Analysis Results





Figure 1. FEA Model of the NCSX 1st Wall CFC Shell








Figure 5. Forces on shell Looking Radially Outboard (350 kA)





Table 2. Estimated Properties of Stackpole 2D 0/90 Material (25% Total Fibers)�






Figure 2. Forces on 1st Wall From a 175 kA Plasma Disruption





Figure 4. Forces on 1st Wall From a 350 kA Plasma Disruption








Figure 3. Forces on shell Looking Radially Outboard (175 kA)
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Table 2. Estimated Properties of Stackpole 2D 0/90 Material (25% Total Fibers)
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E33

E11
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DL/L3
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G 3-2

G 1-2



Deg.C
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MSI
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XIO-3

X10-3

XI0-3

X10-3

X10-3

XIO-3
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msi

msi 



24.0

0.27

4.33

4.33

132.30

132.30

10.27

-0.004

0.000

0.000

0.134

0.134

0.146



316.0

0.27

4.34

4.34

132.77

132.77

10.44

1.868

-0.010

-0.010

0.136

0.136

0.148
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0.27

4.35

4.35
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133.06

10.53

4.119
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154.82
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25.253

5.599

5.599

0.087

0.087

0.095































NU I-J      Load in J Direction, Strain in I Direction
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Table 2. Estimated Properties of Stackpole 2D 0/90 Material (25% Total Fibers)
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