[Thu-Af-Po.05-01] Quench simulations of a 3x3 field shaping NI HTS coil array

TH EA E N E RGY for a planar coil stellarator

J. Olatuniji, B. Chen, D. Nash, S. Noronha, K. Tang, R. Wu

Introduction Model Formulation Continued Results 2: Continued

Results 2: Array Quench Under Background Field

| |
! | |
! | |
i [1] : : :
[{] -y ) | 1 .
The Eos Planar Colil Stellarator The “Canis” 3x3 Array of HTS i Steel ™" o : i shaping |5 T Shapine Conmee 85 i Sl Number e e el Nunber
ol Planar Coils I erma I‘Opel‘tles | ! s | - . 254 T . L5 | -%“:I@:-g
’ N\ anar 1 I _ I = o < |
"~ —Encircling Coils ! 0 3teel 250 ! S Shaping g ~
Neutral ! S an | ==HTS, Radial < | . eele L@ 52| 3253
Beam ! £ 80 4TS, Azimuthal/Axial 002 | ! v I =P o
Injection & ! = S | P LB eq L gzs.z
/ - > | i i I o o
| : g {150 G | | e e ke | 5'0: i " 251
I 5 a | v | -
18y, : = S |1 Sylglransverse Field - Vol oses L 25 — g L .
1 s 1 100 s | f > | 0O 100 200 300 400 500 600 0 100 200 300 400 500 600 0O 100 200 300 400 500 600
\ | S Tl rom EnC|rcI|ng Coill ‘A | Time (s) Time (s) Time (s)
1 £ % | L !
i ,-GE) >0 ;)i : / ’*/ : 0'(2) Shaping Coil Number 100 Shaping Coil Number 120 Shaping Coil Number
, | e < r = f
& ' Heater : : : 3 6 9 & 95 3 6 9 =100 r 3 6 9
g ! S Interl 0 I Shaping I S-O.z = £
- ' iti nterlayers ! Coil 9 ! | E-0 = 5 °°
3( N i _%_5 K Inltl?' y Temperature (K) : Shaplng Coil:5 Heater%/ ! %_02 o = 50
) 1 €émperature | Shaping ;Induced Quench £ 0 E %
. . - We present a pre-validated thermal | o o o ! Coil 4 > SUELS LS S o 40
« Thea Ener Inc. is developing the : 2 : - T Soil 8 : -1 o 5
lanar coﬁy’stellarator erﬁ Ig in and  electro-magnetic  quench i JeaLlis e Slng 2 st iz el LU | e | 12 s £ 2
grra s of planar coils 'to epne)r/atg simulations of the coil array, with a | < ‘4 e i Shaping i 1.4 S 0 S —
the ?l]ecesszry 3D magneticgﬁeld for focus .on NI coil technology, | /\ A : Coil 7 i 0 100 2ooTin3;c;o(S;100 500 600 0 100 ZOOTiriZO(s;lOO 500 600 0 100 ZOOTirfwgo(s)mo 500 600
continuous fusion eneray concerning quench tolerance and : \/ ! . N o ! .
SO’ S resistance. | % S’ | Fraction of Critical (%) Magnetic Field (T) . Conclusion
* "Canis” is a 3x3 planar coil field .o estigate the array's quench | 300 W Temperature (K) ' T [ R
shaping array technology stability gunder reali);ticq and | Heater ——————— : 10 33 = 5'7 — 30 37 . — 6l4 S 7' 3 .+ Planar coil arrays can shaping coil induces current and
ian 2] . . | 25 40 55 ! ] . . . . g . . .. . .
demonstration!2l. hypothetical conditions. : = i i Zlgqlflcantly simplify stellarator he?lltmt? |tn adjacilent shlai]pln.g
. ! \l‘; N I : . <. I esign. COlls, put overall coupling Is
Model Formulation o L | ) i \ 3 | Array Level Impact after 300s of Shaping Coil 5 Heating: | o smaI'I and NI coil technolo
o N L T T DAL | \ & - NN | .+ Athermo-electromagnetic finite . hology
\‘\‘ \\\ \‘ k (w' A’/ //‘J "// _F|e|d N SpeCIflcatlon Value : N , : : element Simulation Of a planar SlOWS fleld deCay. ThIS preventS
Cur@nt\\ \\ \ i e ] « e — \‘\ Coil Shape Rounded Rectangle : Azimuthal Current (A) : ' : HTS NI CO” array was d quenCh Cascade
.. > <N : - _________ [ Z Z Z | | . .
. = Y EEREE Ce SN | 120 180 ! r' N | developed. « This pre-validated model
7 z REBCO Tape Width 4 mm ! | I ) . il
T | | , ( '« Quench simulations suggest a supports the feasibility of planar
e 4= L i \ - i current wave is induced into coil arrays for stellarators.
p ! ! ! . . . . . .
‘ === E ¥ Cois per Shaping Col ~ — : ™ : gdjacept coils, but metg! The model WI||. be vglldated via
NS == R — air I Fraction of Critical (-) | | | insulation enables significant parameter tuning with
N . , : I | . . , ! . _ .
- =—— = - e Soldered Metal nsulated 0 0.3 0.6 0.9 1.2 1.5 : : Currtefnt byp;gss, preventing hot erpgrlmenth datta :‘rom thg t
- T o 8| L : .
AT U LN oo Turm Resivi rapoom | : Azimuthal Current (A) - Induced Voltage (uV) : spot formation c :trlsrelﬁfoerrr;mrig an ;:ta;?faalgn 0
AT L 4 0 ' 00000 0 7 e — L i
o b . ' * Induced Voltage Azimuthal Voltage : :143 158 172 187 202 216 -12.9 -10.1 -7.24 -4.41 -1.58 ]_25: Under d hyp.Othetlcal 5 T d I t g y
Shaping Coil 1 Shaping Coil 2 Shaping Coil 9 ” ! ! ! transverse field from an evelopment.
¢,i,] ! 1 1 . o o
+1y;i "R . ! ! encircling coil, quench of one
dt Pl L . Field ( . . '
= ) ! [ . [ . .
Eﬁmenﬂ/" ﬁ Element 1 (Usuppry.s = Ip.is) : 0.04 0.65 1.26 1.88 2.49 3.11 i i Ref
£ ' ! h | eferences
1 400 25 - -
| Coil Number 140 | Coil Number : :
Poyeer IS Crical Curent @ 20K (9 1| 380 f S} 2 4 e s 10 2 2 4 6 8 10 i i 1. Swanson, C.P.S., Gates, D.A., Kumar, S.T.A., Martin, M.F., Kruger, T.G., Dudt, D.W., &
Curtent w )30 e cAa ! ' Bonofiglo, P.J. (2025). The scoping, design, and plasma physics optimization of the Eos
<> § /}}mz Edment2 Eément2 . @ zzz I 215 5100 ! ! neutron source stellarator. Nuclear Fusion, 65(2), 026053.
= T | 9200 ¢ G ® 80 ' I 2.Nash, D., Gates, D.A. et al. (2025). Prototyping and Test of the "Canis" HTS Planar Coil
[0 276 1 = » [}
s L1310 8 10 g 50 i i Array for Stellarator Field Shaping. https://arxiv.org/abs/2503.18960
%’, : 100 | § 5 | M = _ I T i K F ti f Critical (% I 3.Wimbush, S., Strickland, N., and Pantoja, A. (2021). Critical current characterization of
_ z, ! 50 Al SN 40 : . ,empera, ure (K) raction or Lri lca ( °,) , : SuperOx YBCO 2G HTS superconducting wire. Figshare, Dataset, 2021, doi:
§ Element N Element N \§ Element N m 0 LN, 0 A 20 - L 2] ) ! .| . . U S S 6084/m9.figshare.13708690.v1
‘%/_ ://—— _ \\: j: : 0 20 4(.) 60 80 100 0 20 4(.) 60 80 100 0 20 49 60 80 100 : 251 251 252 252 253 152 293 435 576 717 858: ) ) g ) ) )
o mFleId Angre( : Time (s) Time (s) Time (s) : :

www.thea.energy
DL info@thea.energy

2025 International Conference on Magnet Technology (MT29), July 1-6, Boston, MA



http://www.thea.energy/
mailto:info@thea.energy

