Chill Plate Re-design

The modular coil cooling configuration is currently a focus of engineering design efforts, the primary goal being to reduce the fabrication costs. The design has been further simplified based on new thermal analysis.  Each section of copper cladding (the copper pieces between the winding and tee) can now be fabricated and installed in two, electrically separate sections. This eliminates the need for a fabricated electrical break in the chill plate sections (the copper pieces on the outside of the winding pack).  The change is expected to further reduce the labor for manufacturing and installing the cooling components. 

Completion of MCWF Final Design

A complete package of design data for the NCSX modular coil winding forms, including drawings, models, technical specification, and statement of work, was delivered to support the procurement of the eighteen production winding forms. These were transmitted to the prospective offerers with a request for proposals to be submitted by July 30. The completion of the final design data package suitable for proposal purposes, including the incorporation of items from the recent final design review, was a major effort led by David Williamson (ORNL).
The modular coil winding form (MCWF) models, drawings, and  

specifications were released for fabrication.   This completes the  

Title II design of the MCWF work scope and represents a major milestone  

in the Stellarator Core design process.  The project awaits proposals  

from suppliers, due on August 2, for fabrication of the production  

modular coil winding forms.     

The modular coil cooling system analysis was reviewed, resulting in a change in the number of circuits for the cooling loops from 4 per coil to 8 per coil.  Each circuit will now cool one quarter of a winding pack instead of one half. 

Revisions to the modular coil type C winding form models and drawings were transmitted to PPPL for revision and promotion. The primary change reflected a request by the vendor to modify the casting to facilitate riser positioning. The product specification was also modified to reflect the new revision. 

Detailed finite-element analytical models of all three modular coil types have been completed according to the final design geometry.  Loads and boundary conditions will be applied to a three- coil assembly linear analysis.  The resulting boundary conditions will be used for non-linear analyses (with sliding winding packs and preloaded clamps) of each individual coil type. 

Modular Coil Fabrication Faciltiy

In preparation for fabricating and testing the modular coils at PPPL, a facility is being prepared in the former TFTR test cell and basement areas.

 Stations for coil handling, winding, epoxy impregnation, and testing have been installed. Safety documentation for the coil test facility and fabrication facilities have been prepared by the cognizant engineers, Geoff Gettelfinger and Jim Chrzanowski respectively, and are being reviewed by the Laboratory’s Safety Review Committee. 

Assembly of the modular coil fabrication facility continues.  The turning fixtures for stations number 1 and 4 were delivered this week, as well as the second conductor payout spool.  The autoclave insulation is being installed, vacuum pumps are being refurbished, and vacuum lines are being fabricated, all in support of the autoclave pre-operational test procedure scheduled for September. 

The project has completed the installation of the insulating layer on the surface of the autoclave, the vacuum oven that will be used for epoxy impregnation of the modular coils. This completes the installation of this important facility, which now moves to pre-operational testing. 

Twisted Racetrack Coil
The fabrication data files for the copper cladding for the twisted racetrack coil were transmitted from ORNL to PPPL for fabrication. These parts will be prototypical of all production coil-cladding parts. Fabrication of the twisted racetrack will be one of the project’s major activities for the remainder of this calendar year. Its goal is to demonstrate the manufacture of a prototypical winding assembly in preparation for winding the modular

coils starting next January.   

The lead block drawings and models for the twisted racetrack coil were transmitted to PPPL for fabrication. A slight modification of the lead slot area was identified to make the twisted racetrack winding form prototypical of the final lead routing design. 

The project is preparing to wind the twisted racetrack demonstration coil, a sub-scale article that is prototypical of the NCSX modular coils with respect to its coil winding challenges.  The twisted racetrack winding form underwent pre-process machining at PPPL and has been mounted in the fixture, which will allow it to be maneuvered into different positions during the winding process. The coil clamps have been fabricated in an outside machine shop and delivered to PPPL. The autoclave, a vacuum oven that will be used for epoxy impregnation of the coil, is undergoing its pre-operational test procedures, which include high-temperature, vacuum, and pressure tests. It is expected to be fully operational by the end of the month. 

The Twisted Racetrack Coil (TRC) Winding Form was delivered to the laboratory last week.  The TRC will be used to qualify the winding equipment and procedures, train personnel, and demonstrate during high current testing the cooling features of the design typical for the modular coils.  The machined casting was manufactured by Energy Industries of Ohio (EIO) and incorporates many of the design features that will be included on the production modular coils.  Some of these features include complex winding surfaces with tight radius bends, special machined groves that will be used to contain the bag mold during the epoxy impregnation process, provisions for the coil leads, and provisions for the final coil clamps. 

Completion of VVSA Final Design

The vacuum vessel assembly- weld R&D test article drawings and models were transmitted from ORNL to PPPL to incorporate changes proposed by vendors after the first release. The changes had already been incorporated into the VVSA drawings and models.  The test article will be used to develop and demonstrate the welding methods for joining the three vacuum vessel sectors together during final assembly of the machine. 

Industry proposals for fabrication of the vacuum vessel sub-assemblies and modular coil winding forms have been received by PPPL. Evaluations of the proposals are in progress. 

Electrical Power Systems

A successful final design review (FDR) of the indoor part of the D-site to C-site DC transmission system was held. Project coordination meetings for the outdoor part were held. Safety and interface issues were highlighted. 

A safety review meeting for the DC transmission system installation activity was held. Both subcontractor and Laboratory personnel attended. The meeting addressed PPPL expectations for safety in carrying out the work and agreements between the Laboratory and the subcontractor on points of contact. The subcontractor’s team completed the Laboratory’s General Employee Training and they were issued badges. 

The NCSX team has completed an analysis showing that the project’s First Plasma scenario can be achieved with a power system based on existing C-site rectifier units, which are fed directly from the AC power line.  First Plasma requires a magnetic field of 0.5 T with a 25 kA plasma current and at least 50% of the transform generated by the coils.  The proposed circuit configuration has two of the central solenoid coil pairs in series and one of the outer PF coil pairs not energized. The modular coils are all in series and the modular coil currents are held at fixed current during the plasma pulse. Vacuum field-line tracing shows a large volume of good flux surfaces with all the modular coil currents the same and no PF currents, so this is taken as the initial configuration. The required voltages were calculated using a multi-circuit simulation that includes approximate models for the power supplies, coils, and plasma.  The analysis showed that the C-site units can raise magnetic field to the required level in about 1.5 second. 

Materials Testing

The project’s investigation of fatigue crack growth in the cast modular coil winding forms, which was recommended by the Final Design Review committee, is nearing completion. The worst-case conditions occur in localized high-stress regions that are limited to about 5% of the surface area of the winding form. The manufacturing and inspection plans have been optimized to help reduce the initial flaw size in these areas. Another data search has produced low temperature fracture data for CF8M alloy, a cast version of 316 stainless steel that is very similar to that proposed for the modular coil winding forms. The data show that CF8M is more resistant to crack growth than wrought 316 stainless steel, whose crack growth properties indicated a potential problem.  In addition, more detailed stress analysis indicates lower stresses than were previously predicted.  The combination of slower crack growth and lower stresses provides confidence that the winding forms will not exhibit fatigue problems over the design lifetime.  As a final precaution, additional testing of the exact alloy composition to be used for the winding forms is also underway. 

TF Coil Re-design

A peer review of the NCSX toroidal field coil configuration design was held on September 15.  Mike Kalish, the lead engineer, presented a modified concept featuring a poloidally uniform winding pack cross section with cast steel support wedges between the inner coil legs.  The modification reduces technical risk by eliminating a requirement to machine and re-insulate the inner leg after the coil is wound and impregnated.  The review committee agreed that the modification would improve reliability and would enlarge the pool of manufacturers capable of providing the coils. The modified design was adopted as the basis for the TF coil preliminary design review that will be held in the fall. 

Inductive Heating of the VV

Long Poe Ku has completed initial electromagnetic analyses of inductive vacuum vessel heating.  The results indicate that vacuum vessel baking to 150C using inductive heating at 60Hz appears feasible.  Uniformity of heating can be controlled by the choice of which poloidal field coils are used as the

primary.   Resistive heaters on the port extensions are planned and will be

used to supplement the inductive heating in the vacuum vessel shell. 

The design of flux loops co-wound with the NCSX modular coils was the subject of an engineering meeting this week.  Various options for accurate placement of the loops were discussed, as well as assembly options, electrical isolation requirements, and cable types.  A design review will be held in September followed by installation of prototype loops in the twisted racetrack fabrication, as recommended by the NCSX Program Advisory Committee at their July meeting. 

Lehman Review

A DOE Office of Science review of the NCSX project chaired by Daniel Lehman of the Office of Science, was conducted on September 1 at the DOE-Germantown headquarters. The review focused on planning changes that the project made in response to cost and schedule increases in its major procurement plans. The project team presented a new plan, which accommodates the increases while satisfying all project completion requirements within the approved cost and schedule baseline.  A key feature of the plan is the use of existing line-fed rectifier units located at C-site to power the coils for the required coil power tests, e-beam mapping of magnetic surfaces, and achievement of first plasma.  An optimized schedule for the last stages of construction and for startup testing offsets the schedule delays in the procurements, and enables the project to be completed on the approved May 2008 schedule with all requirements satisfied. 

Metrology
Three representatives from the NCSX project team, Arthur Brooks, Michael Cole (ORNL), and Steve Raftopoulos, participated in a Metrology Design Review for the W-7X Stellarator at the Max-Planck Institute for Plasma Physics in Greifswald, Germany. The W-7X is a large stellarator, which is in the construction/assembly phase and is similar to NCSX with respect to metrology issues.  The W7X team made presentations on the first day, followed by a half day of open discussion.  Both teams benefited from this collaboration, and are planning continued interactions on engineering issues. 

