Helical Coil Design in DESC
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Motivation
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* Each constant @ contour is a possible coil = can choose coils by picking contours

* Implementing coil optimization capabilities in DESC:
3 g s ] starting from evenly spaced values in 8at { = 0

* Combine equilibrium + coil optimization code [cite Rogerio 1stage] %
* Utilize DESC’s automatic differentiation Current Potential On Winding Surface =
* Helical Coil Optimization: Limited options with current coil codes = =
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Assigning Coil Currents

R EGCO' I_ Al '|'h * To assign currents to the helical coils (in the absence of saddle coils), we can think of
gOrI il each coil has being responsible for the current up to halfway between its

neighboring coils Conclusions and Future Work

e Using surface current distributions on a specified winding is an efficient approach to * To find the current this represents, we only need to consider the current entering the

the coil-finding problem?? region from one side (due to K being divergence-free): « REGCOIL algorithm implemented in Python+JAX inside of the DESC code suite

G¢' I¢ 0 * Helical coil cutting algorithms implemented, with capability to optimize chosen coil
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K =n % Vo (I)(H ,(: ) = o, (9 ,C ) | | // V- K = 7{1{ ogdl =0 = K - nogdl + K-nzddl+/ aqdl contours so that resulting coils have equal currents
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gu:e-:t to W'fndmg Potential Poloi:;fésrr:nt Tf,ri,‘;:ff;‘f,r“r:ﬁt * Current entering left region = current exiting right region  b/c n2qa|| V¢ and K L VO Adding f||ame.n.tary coil optimization Cgpablllty to DESC
enstty || Surface . . : « Bty tesd to svaluate B0 g * Implement ability to handle saddle coils
Then minimization of quadratic flux becomes a linear (in ®,,) least-squares problem, B ~ gl :/ 9% 16 — ®(0; + (A0);,0) — B(6;,0) = I° . Using REGCOIL + AD to provide coil objectives for use in stellarator
after expanding in Fourier Series (I,G, and other terms are known) Left 0 90 optimization
X5 = f a Biopma  Pso =Y T sin(md’ —n(’) B, = BE" + BEL 4+ BT + AT .
o Equal Current Algorithm Referen

* However, can lead to poor solutions without regularization -> REGCOIL adds * Equal current in all coils advantageous from engineering perspective SIerences

regularizcﬂion to the prObIem based on the surface current ¢ However, cannot naively pi‘:k equqlly quced contours and set currents equql [1] D. Panici, R. Conlin, D.W. Dudt, K. Unalmis, and E. Kolemen. The DESC stellarator code suite. Part 1. Quick and accurate

* Instead, minimize current difference = f(gl) w.r.t. QL. F(6;) = Z([foil(9i79i+l) — I Nl equilibria computations. JPE 89(3):955890303, Jur?. 2023.
2 d2 LK (! 0 ] . ] [2] J. Bradbury et al, JAX: composable transformations of Python+NumPy programs. 2018.
X — a ( ) C ) ‘ * Note: Sum of currents in coils must be equal to net toroidal current [ [3] M. Landreman. An improved current potential method for fast computation of stellarator coil shapes. Nuclear Fusion,
G 57(4):046003, April 2017.

e Helical coils found by specifying et tersiaal suradt Fsush thet | TN e 7 B, with Unequal Currents . B. with Naive Equ/a1 Currg_nt B, with Optimized Equal Current [4] P. Merkel. Solution of stellarator boundary value problems with external currents. Nuclear Fusion, 27(5):867-871, May 1987.
* Can calculate net toroidal or net poloidal current through a section of the surface as: 0.18 5 ™
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