3.2.1 Modular Coils Support Structure

The modular coil support structure was designed to minimize the impact of eddy currents on field errors and plasma operation. By including electrical insulation between each coil support within a field period and possibly between field periods to break up toroidal current loops and adding a poloidal break the time constant is less than the 20 ms required. Without the poloidal break, the time constant would be significantly larger (~70 ms), violating the 20 ms requirement. Since inclusion of the poloidal break represented a significant impact on the design and fabrication of the modular coil support, an assessment was made of the field errors that would be present without the poloidal break.

The spark model used to determine the time constants of the structures was run though a transient where it was excited by the 1.7 T High Beta scenario. This scenario chosen since it produced the largest rate of change of effective dipole moment for the PF coil system, the dominant source of remote field. Searching for the largest eddy currents during the transient (as an indicator of largest field errors) revealed the end of ramp-up to be the most severe, but this is before plasma initiation, it is not of concern. The time of the next largest eddy current loops, the start of flat-top, is of concern. Field errors resulting from these eddy currents without a poloidal break are fairly large (~ 16 % flux in islands) and deemed unacceptable. For comparison, the field errors with the poloidal break produce islands which are half as big (which is still large), but since the time constant is within 20 ms, they are considered tolerable.
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+ Previous examination of Eddy Currents in Modular Coil
Shell focused on Time Constants Only

— Stated requirement was for longest time constant to be less than 20
ms

— Poloidal Break required to meet this
* ~70 ms w/o break vs ~16 ms with break

* Question was raised “how bad are resonant error fields if
we don’t have poloidal breaks™

— Consider excitation not during Modular Coil Ramp, but during
pulse when toroidal flux from Modular Coils and TF coils is held
constant
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[image: image4.jpg]Spark Model with Poloidal Break (viewed by ANSYS)
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[image: image8.jpg]Spark Current Distribution at t=0.158s
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[image: image9.jpg]Error Fields and Resultant Islands
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[image: image11.jpg]Island Width Evaluation used in VACISLD using VMEC data
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Field Errors at Start of Flat Top Significant and
more than 3.5 times Larger without Poloidal Break

slands Induced result in twice as much flux loss

Significantly longer time constant without
Poloidal Break implies more of flat top will be lost

Due to large field errors, equilibrium should be
recalculated to properly assess impact




