Statement of Work for NSTX-U Engineering Analysis Support
Introduction: The purpose of the NSTX Center Stack Upgrade (NSTX_CSU) project is to expand the NSTX operational space and thereby the physics basis for the next-step ST facilities. The plasma aspect ratio (ratio of major radius R0 to minor radius a) of the upgrade is increased to 1.5 from the original value of 1.26, which increases the cross sectional area of the center stack by a factor of 3 and makes possible higher levels of performance and pulse duration. The new center stack will provide a toroidal magnetic field at the major radius R0 of 1 Tesla (T) compared to 0.6T in the original NSTX device, and will enable operation at plasma current Ip up to 2 Mega-Amp (MA) compared to the 1MA rating of the original device.

The conceptual design of NSTX-U is presently underway;  the conceptual design review is scheduled for September of this year. The most critical element of this design is the center stack assembly, which consists of the TF coil Center legs, the 08
 central solenoid which is wound upon the central legs, and all of the elements of the connection between the center stack and the outer TF legs.  This statement of work is to provide the engineering analysis support. 

 A brief overview of the design is shown below.
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Scope of work: it is anticipated that this work will require several periods of on-site effort of 1-3 days to coordinate with NSTX, combined with off-site work for most of the effort. The work to be performed includes:
1. Develop the appropriate electromechanical and FEA structural analyses models after consultation with the NSTX-U engineering staff.

2. Determine the electromagnetic loads on all of the coils for the normal operating scenarios and several fault scenarios.

3. Perform structural analyses of the TF center stack, including the elements between the center stack in the outer TF legs. This includes several high current bolted links which will require careful analysis of the current distribution and verification of the ability of the bolts to avoid separation at the high current interfaces under all operating conditions.  
4. Assist in the refinement of the proposed design and development of the conceptual design of the center stack
5. Perform structural analyses of the OH solenoid.

6. Assist in the refinement of the proposed design and development of the conceptual design of the UH
 coil.
7. Summarize the work in a written report and transfer all of the models to PPPL.
8. Presenting a summary of the analysis work at the CDR
.

Schedule:  this work can begin immediately. Major milestones include:

30 days after receipt of order: Completion of Tasks 2, 3, and 3.

60 days after receipt of order: Completion of tasks 4, 5, and 6.

By August 15:  task 7

As required to support the CDR (~August/September:  Task 8.

OH coil wound in place





OH support





Turns bonded to create integral hubs





G10 torque reaction discs keyed directly into turns





 Features of design:


  Welded extensions to TF conductors provides joint-free  regions for current streamlines to transition from vertical to horizontal.


 Original B*R is 0.51;  field at TF joint is 5.2T at r=0.098 m. 


 Upgrade B*R=0.934 


 This design moves bolted joint interface from 4.7 T region (r=0.2 m) at TF sfc.  to 3.3 T (r=.28m.) region on bottom, and to 2.22 (r=.42m) at top.  (37 and 58% reduction in fields at joints)


  Increases contact areas for joints to 17.3 top and 11 sq. in.  bottom.  (J=7.5  and 11.8 kA/in2).  


  Provides bonded integral hubs for positive torque restraint & lower shear stress in GlEp.





OH preload mechanism





The integral hub center �stack assembly





Configuration provides good OOP load reaction





Torque reaction disc


Diaphragm action permits axial thermal expansion of center column.


Spun dimple may not be needed based on P. Titus’ analysis.  





TF outer legs





Existing umbrella structure
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Top view with diaphragm removed.








�OH?


�OH?


�Participation and status reporting at the weekly CSU status meeting?
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