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SUBJECT: MINUTES FROM MEETING ON TF JOINT OPTIONS

Attendees:  
Larry  Dudek, Phil Heitzenroeder, Eric Perry, Jim Chrzanowski, Masa Ono, H.M. Fan, Srinivas Avasarala, Bruce Paul, Jon Menard, Bruce Paul, Charlie Neumeyer, Ron Hatcher, Bob Simmons, Bob Pillsbury, Peter Titus, Bob Woolley, Mike Williams

The subject meeting was held to discuss options for implementation of the TF joint for the NSTX CS Upgrade. An open invitation was issued for proposals out of which four concepts came forth. Each proposal was presented and discussed at the meeting. Amongst the proposals there was considerable variability in depth of design and analysis. Therefore it was decided that all four proposals should be developed further before deciding which one(s) to pursue. So the main action item is for J. Chrzanowski and B. Paul, in conjunction with those who developed the proposals, to develop CAD models to an equal level of detail across the four concepts so they can be assessed on an equal basis at least in terms of feasibility of fabrication and assembly. Then, on March 18, a meeting will be held to review the concepts again and decide which one(s) to analyze in depth in terms of electromagnetic, thermal, and structural performance.

Presentations of the four concepts will be uploaded to the NSTX_CSU web site…

http://nstx-upgrade.pppl.gov/Project_Meetings/index_Meetings.htm
Aside from the presentations several important points surfaced during the meeting which should be noted:

1) With the substantial increase in the dR of the TF conductors compared to the baseline NSTX TF system, current diffusion due electromagnetic effects may be significant in that it could cause non-uniform current distribution during current rise and fall, leading to non-uniform temperatures across the conductor (current and temperature peaking). On the other hand, the heating during flat top, which has a much longer time duration than the current rise and fall, may dominate. This effect needs further evaluation.

2) Any of the TF joint designs which utilize the outer legs connection points as a load path will lead to a modification of the load to be managed by the umbrella, TF outer leg anchors, etc. This factor will need to be evaluated. The global modeling by P. Titus captures this but the modeling by S. Avasarala and H. Zhang do not add in any load from this source. This additional load will need to be considered depending on which joint design is pursued.

A brief summary of each concept is given below. 
 

P Heitzenroeder:

“Integral Hub Design” features welded extensions to TF conductors moves bolted joints from 4.8 T region at surface of inner leg (r=19.4cm) to 3.9 T region further out. This increases contact areas for joints to 17.3 top and 11 sq in bottom. The design also provides bonded integral hubs for positive torque restraint. The OH coil is wound on the TF which is doable (like CMOD, DIIID, MAST) but implies that the OH coil has to be replaced in the TF fails, but not vice-versa. It also places the OH winding process in series with the TF which has a scheduling implication. Changes in the current flow path at 90 degrees will need to be modified to improve current distribution. Results of P. Titus show that current bunching will lead to excess temperatures without this modification.

C Neumeyer:

Design based on a bolted lap joint inner leg to vertical flag – joint area ~2x inner leg conductor area, with bolt in joint region where J ~ ½ peak value. Bolt in joint region applies load thru a shoe concept, shoulder bolts plus friction serve as the load path for vertical force. Flag cross section maintained equal to inner leg cross section, radial flag shape follows a constant tension curve. Flex section/joints attempt to reduce transmission of moments. Flag box attachment ring connects flag boxes to the umbrella lid for reaction of in-plane and out-of-plane loads. Rough design basis provided, but not yet analyzed in any detail. Some concerns about the precision fit-ups required.

 

P Titus:

Flags are radial loops with 3 turns lumped together which are pressed against inner legs by jacking ring and jacking bolts. Contact pressure is ample. Details not developed, since approach emphasizes analysis and development of concept prior to detailing. Analysis includes electromagnetic and thermal including TF-only, TF+OH, and TF+PF in various combinations including worst case. Cases with OH added in, i.e. TF+OH+PF are needed. Results suggest that use of lugs to capture out-of-plane loads and transmit to umbrella cover may not be required, and TF inner leg plus load path out to ends of outer legs may be adequate. This would provide a nice simplification if it proves out. If it is decided that this is not the case, L. Dudek suggested that load path could be achieved by making cut-outs in umbrella lid through which loops pass and can be supported. 

 

 

R Woolley:

 

Design based on a lap joint inner leg to vertical flag. Pressure on joints to be provided by system of jacking bolts pressing inwards on each turn from jacking ring. Flag cross section maintained equal to inner leg cross section, radial flag shape follows a constant tension curve. Two variants proposed. One variant would use a radial flag with flexibility in-plane obtained via multiple parallel leaves (such as the practice-cut sample cut using the water jet machine), but not flexible out-of-plane. In this case it may be that the system is self-supporting in terms of torsion and out-of-plane loads such that it might not require a connection to a load path via the umbrella lid. However, there may be some fit-up issues if no out-of-plane flexibility is provided. The second variant would use a radial flag with a braided type connector providing both in-plane and out-of-plane flexibility. This variant would include a connection to a load path via the umbrella lid to capture the out-of-plane load on the braided flex.  
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