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PURPOSE:

Influence matrices for NSTX were originally developed by H. M. Fan using ANSYS. Detailed input assumptions were not documented, but matrices were documented in NSTX-CALC-13-020 rev. 0, dated 12/8/00. 

New calculations have been performed using FEMLAB. In addition, a FORTRAN routine was written as a check tool based on a filament model, with the OH coil represented by 20 filaments and each of the PF1a coils represented by 4 filaments. 

The results from all three calculations were compared. Based on this analysis, the new FEMLAB results are chosen for use in future design basis calculations. 

In general, the FORTRAN and FEMLAB results were found to be in close agreement, except for the PF1a interactions, in particular with the OH, for which the filament representation is not very satisfactory. Conversely, the ANSYS and FEMLAB results were in good agreement for the OH and PF1a interactions but not for some of the outer PF coils, in particular PF4 and PF5. Perhaps some of the input assumptions for geometry or number of turns used in the original analysis were not valid.

Since the original results are in good agreement with the new results for the OH, PF1a, and PF1b coils, prior calculations of OH launching load and PF1a/PF1b interactions are not significantly effected.

REFERENCES:

NSTX-CALC-13-020 rev. 0

ASSUMPTIONS:
NSTX coil dimensions per latest spreadsheet NSTX_PF_Coils_020628.xls.

CALCULATION:

FORTRAN codes and input files are attached, along with FEMLAB input files. In addition, see comparison sheet Infmtx.xls. Areas where FEMLAB and FORTAN codes differ are attributed to modeling limitations (FEMLAB FEA vs. FORTRAN filament model).

The FEMLAB model calculates the 3d magnetic field, and then integrates over the area of each coil section. Then the body force on each coil is calculated based on nILxB. The FORTRAN model computes the field at any point from a filament of current using the Green’s function. The force on a coil threading that point is then calculated based on nILxB. 

CONCLUSION:
The FEMLAB results are the most accurate. See spreadsheet NSTX_PF_Force_040503 for final force calculation algorithms. 

