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Calculator

A Coil Protection Calculator (CPC) has been developed for NSTX based on limiting the insulation shear stress in the center stack TF leg.  By providing an allowable insulation shear stress, currents for the TF, OH, PF1a and PF1b can be input to the calculator, and the maximum normalized insulation shear stresses are returned.  Additionally, the CPC incorporates the effects of thermal gradients in the insulation for specified operating conditions, and includes the resultant stress effects in the total.  Since thermal stresses do not scale linearly, scenarios not accounted for in the initial version of the CPC will require new thermal analyses to develop and/or verify appropriate coefficients.
The CPC was benchmarked against analyses performed and documented previously by H.M. Fan in NSTX Document 13-970505-HMF-01-Rev-1.

USING THE CPC

In order to develop the coefficients necessary for this CPC, separate analyses were required for each unit current load condition.  The results from these analyses were carefully scrutinized to determine which regions in the insulation needed to be monitored as candidates for high shear stresses.  Fifteen discrete and varied insulation locations on NSTX were selected for the baseline CPC after studying the results of the finite element analyses.  These locations were chosen based on design considerations and their tendency for high stresses.  Upon more detailed examination, five of these locations were found to be consistently dominant with respect to high shear stresses.  Base on the analytical results, if the insulation shear stresses are found to be acceptable at these five locations, then the insulation shear stresses are considered acceptable everywhere.  

The NSTX CPC is comprised of stress coefficients representing a selection of ‘unit value’ current conditions including the following:

• 1ka in the TF

• Plus or minus 1ka in the OH in the presence of 1ka in the TF

• Plus or minus 1ka in PF1a (upper and lower) in the presence of 1ka in the TF

• 1ka in PF1b in the presence of 1ka in the TF

Once currents are provided to the CPC for each coil, the coefficients associated with these unit currents are scaled then summed via linear superposition to generate combined stresses.  The effects of thermal stresses are added to these totals to create the composite stress states.  The default thermal condition in the CPC is EOFT for high field currents (TF=71.16ka, OH=-22.1ka, PF1a=2ka).  These coefficients can be scaled to roughly represent an EOFT low field current condition (TF=35.56ka, OH=24ka, PF1a=15ka) by using a scaling factor of 1.3 in the CPC.  Any other thermal conditions would necessitate additional thermal analysis.

The CPC itself is in the form of an MS Excel spreadsheet.  The highlighted cell next to each coil identifier is provided to input the current in that coil in kiloamps.  The first coil identified on the spreadsheet is ‘TF, ONLY’.  In the cell to the right of this label, enter the TF current in kiloamps.  The OH and PF coils follow below.  Note that each includes ‘TF’ in its label.  This is because the OH and PF coils will not generate forces in the center stack TF leg insulation without the presence of a TF field.  Accordingly, the CPC coefficients were developed for unit currents in these coils in the presence of a unit current in the TF.  Appropriate scalings and summations are performed by the CPC.

For the OH and PF1a coils, a separate set of stress coefficients were developed for both positive and negative currents in each.  If a positive current is desired, enter the current, in kiloamps, in the cell to the right of the appropriate coil label.  The negative current entry for that coil should either be left blank or else use a current value of zero.  Do the opposite if a negative current is desired.  All currents are entered into the CPC as positive numbers.  For example, to apply –24ka to the OH, enter ‘24’ (positive number) in the cell to the right of the coil ID label ‘TF, -OH’.  Leave blank or enter ‘0’ in the cell to the right of the coil label ‘TF, +OH’.

As previously indicated, the default thermal condition represents EOFT for high field currents.  The cell next to the ‘EOFT-HF’ label should have an entry of ‘1’ to include these load effects.  Use ‘1.3’ to approximate the previously descibed EOFT low field condition.  Leave blank or enter ‘0’ to exclude thermal effects.  If one is interested in isolating the effect of an individual coil, specify its current in the appropriate cell and leave the other cells, including the thermal condition, blank (or enter zero).  Similarly, to isolate the thermal effects, leave all of the current values blank or ‘0’ and enter ‘1’ (or ‘1.3’) for the thermal scaling factor.

The CPC breaks down the shear effects into the three principle components (R-Theta, Theta-Z and R-Z) for each coil and location.  A cylindrical coordinate system is used due to the geometric nature of the center stack.  ‘R’ represents the radial direction, ‘Theta’ the hoop or circumferential direction, and ‘Z’ is the vertical or axial direction.  Each shear stress component designates the value of shear stress in the plane defined by the two coordinate components.  Only those shear components found to be prone to high stresses are included in the CPC, which explains why certain coefficient fields in the spreadsheet are left blank.
Beneath the stress totals on the spreadsheet, given in MPa, an entry is provided to designate the shear stress allowable in MPa.  Based on the information presented in NSTX Document 13-001206-PJH-01, the recommended allowable shear stress is 20.0 MPa (2.9 ksi).  The CPC divides the computed stresses by the allowable stress and lists those normalized results in the final set of cells in the CPC spreadsheet.  Values less than 1.0 indicate that the computed insulation stresses are less that the designated allowable stress.
