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Presentations are located at:

http://www.pppl.gov/~neumeyer/NSTX_CSU/Jan_2009_Workshop/Presentations/
Summary of main points:

1) The NSTX CS Upgrade design point is well developed and described. While there are several areas that are challenging, no show-stoppers have been identified.

2) The existing NSTX TF joint concept has several basic design shortcomings which have proven problematic and prevent it from being applied to the upgrade, which requires higher performance. These are:

a. The 90 degree joint which…

i. results in non-uniform current density with a very high peaking factor at the inside corner

ii. involves primarily radial current flow such that JxB forces cause moments which tend to open the joint

b. The long, stiff flag which…

i.  accumulates JxB moments both in-plane and out-of-plane and transfers them mostly to the joint, since the flag box potting is not a very effective load path;

c. The bolting scheme which..

i.  takes away a large fraction of the contact area of the joint

3) The new TF joint concept follows several basic design principles to avoid the problems of the prior design. These are:

a. A lap joint which…

i. results in uniform current density across the joint which is determined by its vertical extent

ii. involves primarily vertical current flow such that JxB forces tend to close the joint

b. A narrow flag which…

i. maintains the same current density as the inner bundle turn

ii. minimizes the JxB moments transferred to the joint

c. A flexible section extending beyond the narrow flag, following a constant tension shape, and connecting to the outer leg connection flags, which…

i.  is moment-free thus avoiding accumulation of moments and dumping on flag and joint

4) The flexible section of the new TF joint is a key feature which needs further development. The following questions need to be answered:

a. |What flexibility is appropriate, in-plane (IP)?

i. since the shape is constant-tension, the IP aspect would permit complete flexibility which would also accommodate the 0.3” axial thermal expansion of the inner leg bundle.

ii. however, again since the shape is constant-tension, flexibility is not necessary to prevent IP moment from being applied to the joint, and the axial thermal expansion of the inner leg bundle might be exploited to beneficially close the joint.

b. What flexibility is appropriate, out-of-plane (OOP)?

i. OOP flexibility is desirable to avoid forces and moments due to the horizontal TF current flow crossing with the vertical field of the PF coils being dumped on the joint

ii. OOP flexibility is desirable to avoid moments due to the vertical TF current flow crossing with the radial of the OH coil being dumped on the joint

iii. How does the OOP of flexibility relate to the gap between the flex connector and the OOP support structure?

c. What design and fabrication method is appropriate for the flex connector, providing the necessary IP and OOP flexibility, while being able to withstand the forces without fatigue failure?

i. braid connection

ii. cable connection

iii. water-jet connection

5) Many options exist for TF joint fasteners. Expertise in mechanical design is needed to evaluate the options and choose which ones to pursue. 

a. The most straightforward approach would use bolts above and below the elevation of the flex. 

i. Whether bolting below the flex is feasible or not depends on…

· what is the allowable current density and the area lost to bolting? Analysis should be performed to assess this as soon as possible

· are bolts below the flex accessible?

ii. Options for the female side of the bolting need to be assessed, including use of inserts versus the use of bolting plates embedded in the copper

iii. It would be desirable for the bolts to provide both contact pressure and a reaction against shear loading due to the vertical force on the flex 

6) The IP and OOP loads applied to the TF outer legs necessitate special attention

a. Several components are overloaded

i. the umbrella structure exhibits a twist and a bulge with excess stress

ii. the cast aluminum clamps over wet lay-up epoxy/glass which anchor the TF outer legs to the umbrella structure appear to be overloaded 

iii. the vacuum vessel (VV) exhibits high stress around midplane ports where large openings exist

b. Methods to enhance the structural support on the TF outer legs do not offer significant relief and do not appear to justify the difficulty of implementation

i. Modification and/or relocation of the existing turnbuckle support system, or addition of strongback structures do not significantly reduce the loads unless they are located on the midplane, which of course is impossible

ii. Any major changes which deviate substantially from the existing turnbuckle support system will be very difficult to implement due to interference with many components installed around the outer legs

iii. Alteration of the turnbuckle feature which allows tension but not compression will require the use of removable pins or other features such that they do not interfere with thermal expansion during bakeout

c. The most appropriate way forward appears to include the following actions which require further study, development, and analysis:

i. Enhance the VV midplane strength by welding a band of material around the inner surface of the midplane, where interferences are relatively minor.

ii. Enhance the umbrella structure to reduce stresses due to twist and bulge by adding welded or bolted material in configuration TBD.

iii. Enhance the umbrella structure to reduce loading on the cast aluminum clamps

iv. Enhance the existing turnbuckle system to improve its strength and stiffness but without relocation or modification which would exceed the present physical envelope

7) Preliminary results suggest that the turn-turn insulation shear in the TF bundle is within the allowable stress limit even without the implementation of a torque collar below the TF joint, above the OH coil. 

a. Further analysis is needed to confirm this finding

b. Additional analysis should be performed to determine if the same is true without any torsoinal restraint at the ends of the TF bundle, i.e. if the spline/umbrella load path is eliminated

8) Preliminary results suggest that the umbrella lids, if made of the appropriate thickness, could provide their torque restraint function without the implementation of a spline gear for thermal expansion. This needs to be confirmed by further analysis including buckling of the center column. If the concept proves feasible then…

a. They would act like diaphragms

b. If deployed symmetrically on top and bottom, would allow the thermal expansion to be equalized about the midplane, which is advantageous

9) Disruption loads have not yet been factored in. The application of a dynamic load factor less than 1.0 seems appropriate due to the impulse nature of the disruption loading. Measurements on NSTX using accelerometers may shed light on what what factor is appropriate.

10) A more limited OH and PF operating envelope needs to be developed for the design basis assumption, and a coil protection system needs to be incorporated into the project plans to ensure that the envelope is suitably constrained.

a. The existing approach, taking min and max currents for each coil and using worst case combinations, introduces excessive conservatism

b. The level of challenge created by the worst case assumption is non-trivial

c. The trade-off between cost/challenge of mechanical robustness vs. cost of coil protection system appears to favor the implementation of a coil protection system to prevent the worst case.
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