Part A:  Global Model Series for NCSX Structural System
During the evolution of PF and TF structural design, the FEA global model had been modified to match the design changes and to suggest the most advantageous changes.  Several FEA model versions were formed that are briefly stated below:

1. H6 group (Older Version):  A group of runs to show that the 2T High Beta case is the governing case for the MCWF flange bolted joints.  This earlier version includes:
· The dead weight per field period is 80 kips

· Bracket material is stainless steel, not the aluminum alloy

· Inboard base support location at a radius of 34.18” (0.86808 m)
· No trim coil EM loads

· Vertical spring base supports.
2. H7 group (Older Version)::  Modify the following items from H6 model
· The dead weight per field period is !00 kips

· With and without trim coil EM loads

· Positive and negative trim coil EM loads

3. H8 group (Older Version)::  Modify following items from H7 model
· Inboard base support location at a radius of 29.51”

· Modify TF brackets to eliminate stress concentration at corners
· Change CTE of TF shim from 0.983E-05 to 1.50E-05

4. H9 group (Most Recent Version – see comments below):  Modify following items from H8 model
· Change CTE of PF shim from 0.983E-05 to 1.50E-05

Part B:  Global Model H9
Descriptions of Global Model
(  Finite Element Model

1. Model includes MCWF, PF and TF support structure, modular coils, TF coils, PF4 to PF6 coils and base support springs in one field period.

2. Appropriate boundary conditions were added to simulate the structure in a stable and cyclically symmetric condition.
3. Model does not include vacuum vessel, PFC, center stack, or cryostat structure.  However, their weight is considered in the analysis.

4. The model does not contain the actual bolted joints, which are represented by the bonded contact elements.

5. Model does not include trim coils.  However, the governing trim coil EM forces were included.
6. The base supports at inboard and outboard take only vertical and toroidal reactions.

7. The linear spring elements were used for the base supports.  Their element stiffness were calculated from the base support structure analysis that including the effects of floor displacements. (Ref. 1)

8. Metric system (m, kg,N) is used for the units.

9. The final structural model consists of the following components in a field period:

· Modular coils Type A, Type B and Type C
· MC winding form (MCWF) Type A, Type B and Type C
· MCWF poloidal breaks

· MCWF toroidal shims

· MCWF wing bag shims

· PF coils No.4 to No.6

· PF coil brackets and shims
· Four PF6 upper and lower support bracket linkages
· Six TF coils
· Inboard and outboard TF support brackets
· TF coil shims at inboard and outboard support brackets
· TF inboard wedge spacers

· Contact elements between components
· Fictitious base support blocks and linear spring base supports.
(  Load
1. All EM loads from MC, TF and PF coils, and plasma current.
2. Either positive or negative trim coil EM loads.

3. Relative cooldown effects (CTE of stainless steel equals to zero)
4. The relative thermal strain between the modular coil and the winding form is -0.04% when the modular coil is cooled down to 85K
5. Conductor currents are selected from 0.5T first plasma, 1.7T ohmic heating, 2T high beta,1.7T iota, and 1.7T delta shear (Ref. 2)
6. Dead load has a total of about 100K that includes:

a) Element weights of Modular coils, TF and PF coils, but not trim coils

b) Weight of center stack which is 3.865 kip (Ref. 3)
c) Weight of vacuum vessel  (6.80 kip) and the PFCs  + NBL (12.0 kip) (Ref. 4)

d) Cryostat is assumed to be 3.50 kip (Ref.4)

e) To make of total weight of 100 kip/period, a contingency percentage was added to the gravity acceleration.
(  Assumption
1. The cooldown effects are based on the relative thermal deformation by assuming the CTE of the stainless steel is zero.
2. All contact surfaces are assumed to be bonded except the MCWF wing interfaces 

3. All material properties of coil conductors are based on the smeared properties

4. Contact elements are used to simulate the effects of modular coil clamp assembly.  Two longitudinal shear moduli in the coils were reduced to limit the shear impact on the contact surfaces and lower the composite action with the MCWF.
5. The model disregarded the parts that have few contributions to the stiffness of the integrated system, such as vacuum vessel and center stack.

6. For conservative reason, the weight of center stack was supported at the upper TF wedge structure and the weight of vacuum vessel assemble was hung from the upper side of the shell Type A.

7. The TF coils were preload in the radial direction before bolted to the MCWF to make sure that the preloads will not transfer to the MCWF flange joints.
8. No bolt holes and bolt connections were simulated in the model and no bolt preloads were applied in the analysis.
9. The inboard base supports are at the A-A joints while the outboard base supports are at the C-C joints.
10. The base supports were simulated by the linear spring element with element stiffness calculated from the base support structure analysis that including the effects of floor deformation.
(  Material Property.

1. All material properties can be listed from the FEA model

2. The moduli of elasticity are determined at the 80° K
3. For the modular coils, the much small values for the Gyz and Gxz intend to limit the shear rigidity along the contact surfaces and lower the composite action with the MCWF.
4. The coefficients of thermal expansion are the secant values calculated from room temperature to 80° K.
(  Analytical Methodology

1. First perform the EM analysis for plasma current and all coils, except the trim coils
2. Transfer the EM model to the stress model and add the structural components

3. Then perform the stress analysis
(  References
1. Email, “base support column displacements”, Dahlgren to Fan, 3/28/2008
2. Email attachment, “Notes_Operating Scenarios for Analyses & Fault Mode Analyses.ppt”, Heitzenroeder to Neilson, etc., 3/27/2008

3. Drawing No. SE132-001 “Centerstack Assembly PF Coils 1, 2, & 3”, 

4. Email “Core weight estimate”, Dahlgren to Fan, 5/15/2008
Note: Some input and output information is provided in the Excel File: “Global_model_iInput_amd_run_results.xls”
Part C:  Results of ANSYS Analyses
The following results were performed for EM analysis and stress analyses and are stored on the server:
1. H6 group: DL = 80 kips
· h6-emdlco-2T-HB000s.db: emdlco indicates EM, DL and cooldown
· h6-emdlco-2T-HB197s.db

· h6-emdlco-05T-TF.db

· h6-emdlco-17T-iota019.db

· h6-emdlco-17T-iota065.db

· h6-emdlco-17T-Om000s.db

· h6-emdlco-17T-Om440s.db

· h6-emdlco-17T-shear020.db

· h6-emdlco-17T-shear-01.db

2. H7 group: DL = 100 kips
· h7-emdlco-2T-HB197s-1.db: without trim coil loads

· h7-emdlco-2T-HB197s-1tca.db: with positive trim coil loads

· h7-emdlco-2T-HB197s-1tcam.db: with negative trim coil loads

· h7-emdlco-iota065-1tca.db: with positive trim coil loads

· h7-emdlco-iota065-1tcam.db: with negative trim coil loads

3. H8 group: DL = 100 kips
· h8-emdl-2T-HB197s-tcam-b.db: EM, DL with negative trim coil loads
4. H9 group: DL = 100 kips
· h9-emdl-2T-HB197s-tca-b.db: EM, DL with positive trim coil loads
· h9-emdlco-2T-HB197s-tca-b.db: with positive trim coil loads
· h9-emdlco-2T-HB197s-tcam-b.db: with negative trim coil loads
· h9-emdlco-05T-TF-b.db
· h9-emdlco-17TOH0s-tca.db: with positive trim coil loads
Part D:  To Make ANSYS Run for A Current Scenario
A complete run starts by entering the turn currents of all conductor currents in an ANSYS input file of commands and then begin to read the input file from the ANSYS utility menu.  It will first perform the EM analysis and then transfer the EM model to the stress model by adding TF wedge, modular coil winding form, PF and TF supporting bracket.  It will automatically prescribe the boundary conditions, base supports, and performs the analysis with a combination of dead load, cooldown and EM loads.
Please note that the input coil current is the current per turn.  If the provided current is the total current, it must be divided by the number of coil turn.

An example of the input file is shown in the file “itg_2T-HB197s-9tca-R1.txt”.  This is the input file for 2T High Beta scenario at 0.197 second with a positive trim coil EM load.  The input calls several database files during the run to form the model and carry out the EM and stress analyses.

The required command and database files needed in the analysis are (See Folder: “Files_for_running_global_analysis”:
· itg_2T-HB197s-9tca-R1.txt:    analysis of 2T high beta current scenario at 0.197 second

· tf_pf_wg_mc.db:
EM analysis model
· itg-model-1r.txt:

input file for EM analysis and the making of global model 
· tfpf-bk1r.db:

tf and pf brackets

· file_nl2rv.cdb:

MCWF model
· itg_file_new1r.cdb:
before add pf-6 link

· channel-4.db:

pf6 liink

· itg-rbe3-support.txt:
new base supports
· itg-modify-1.txt

modify TF bracket at corners
· itg_tca_iota019s.txt:
positive trim coil EM load for iota=0.19s
· itg_tcam_iota019s.txt
negative trim coil EM load for iota=0.19s
      Notes:

The above files may also be found in the following folder:

 C:\Documents and Settings\hmfan\My Documents\ansys7.1_files\mc-shell_FDR\shell0408/new-tf_pf_mcwf

The following files will be generated during the ANSYS run

· file.db:


results of em analysis

· file.s01:


calculated electro-magnetic nodal forces
· itg_filem1.cdb:

transfer EM model to stress model

· itg_file_new_itg-1.db:
updated global model

· h9-emdlco-2T-HB197s-tca.db:
model and run results
Notes:

· The user who will make a new run, should set up an ANSYS working directory
· The sub-working directory folder is “new-tf_pf_mcwf”
· The version of ANSYS is v11

