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Fig. 1. Main components of the CFQS coil system, the coil
system includes 16 non-planar modular coils, 12 planar to-
roidal field coils, and 4 poloidal field coils.
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Fig. 2. (a) Poincaré plots (black dots) based on tracing field
lines in the magnetic configuration produced by the de-
signed MCs and the target plasma boundary (red dashed)
at the triangular-shaped cross-section, field lines with ini-
tial positions Re [0.5446, 0.8359] and Z = 0 are traced
270 periods; (b) the corresponding rotational transform pro-

file with the normalized radius as its abscissa.
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Table 1.  Coil currents in MCs, TFCs, and PFCs

for n/m = 2/4, 2/5, and 2/6 magnetic island confi-
gurations of CFQS.
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Fig. 3. Poincaré plots of three island configurations with n/m = 2/4 (a), 2/5 (b) and 2/6 (c) and their rotational transform profiles

produced by undeformed coils, the abscissa denotes radius from the main magnetic axis to the outboard side, field lines with initial
positions R e [0.54, 0.81] and Z = 0 (a), Re[0.56, 0.83] and Z = 0 (b), Re [0.44, 0.76] and Z = 0 (c) are traced 540 periods.
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Fig. 4. Local (a) and broad (b) deformation distributions on four different types of MCs, (61, 62 ) = (0.00003, 0.0001), (0.00002,
0.00009), (0.00002, 0.00009), (0.00004, 0.000095) are set on MC1, MC2, MC3 and MC4 to produce local perturbations of coils and
63 = 0.0113, 0.086, 0.094, 0.074 are set on MC1, MC2, MC3, MC4 to produce broad perturbations of coils. For these two cases the

maximum deformation of each MC is 10 mm.
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Fig. 5. Poincaré plots of three island configurations with n/m = 2/4 (a), 2/5 (b), 2/6 (c) produced by perturbed MC1 with the
maximum deviations of 10 mm (other coils sustain undeformed). Red and blue dots denote boundaries of the island chains induced

by designed coils and the deformed MCs. Numerical details for field line tracing are the same as shown in Fig. 4.

RN B (b 2 B 1 5 T 2 5 5 % A A

4 BT A 3 AR D S A R v HYLEAHEZ IR, 4 MC &RHaite OCs
gl L AZ BRI, A2 2/4 BEET, W 6(a) B

K6 R THE n/m = 2/4, 2/5, 2/6 5+, 7%, 24 MC1, MC2, MC3, MC4 ) d,. 7 % A

055203-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 055203

03K %2 10 mm I, A7 MG 5 09 5 B2 43 ) A28 Ak
7 3.46 mm, 7.15 mm, 6.23 mm, 2.22 mm, MC4
TR O 22 X i Fh D AG B2 midse /S, JLP- ] LA
2. 7 6(b) FiRky 2/5 Bk, 24 MC1, MC2,
MC3, MC4 1Y dyax M 0 433G K F) 10 mm B, %
A g 5 W v BE 43 2846 T 5.12 mm, 6.31 mm,
8.4 mm, 2.79 mm, K IHJE MC4 1) 5 M 5 /.
Kl 6(c) 7R, 2/6 S5k B xR AR 5 | AR iR
22 YRR T Ho A 9 Ao 5 57 1 oK 10 32 3152 Wil O 7
EENMT 2. AN, IR (1) 52X, 0T LB
Bl 6 HiR 22 G IR IR S A Sbyy, Sbsy FT Sbgy MIMHL,
e 7(a)—(c) i . NABRHN 6bmn (dmax) /Bo =
b (dmax)/Bo — bmn(0)/Bo . 18 1 1155 45 5 & 8,
Sbyy I 8bsy XF MC1, MC2 F1 MC3 HY T N 1t 36
Ik H HUR. Y MC1, MC2, MC3 Y dy,, 3 K 2
10 mm Y, 8yl fe KAE 43 5] 38 fin 2] 8.8x107°,

L7x104 1 1.6 1074, T 6bsy B H¢ KA 4 1) 185 K
F]9.4x10°, 1.1x10* fl 1.4x10% A HLZ T, dbg,
X LR VB B B A AL B 55, 7E CFQS %% B 1 41255 Al
il A, FRATH BRI Re A B LR 1Y ok
TARPEHIAE 2 mm 2247 (QNE 7 FE 9 vh, 2168
LIR). ML N dpoy = 2 mm B, 724
() Sbyg, Sbsy I Sbgy 43 MK 4.6%10°5, 4.4%10°5 Fl
6.0x10°. H T CFQS BiNiIE 1R 2 BT ARIER /N
T 107, Rk SE R B (E AR AE FTH2 32 Y ).
K8 FIE 9 JE/R THE n/m = 2/4, 2/5 F12/6
S 45 0 B AR Ak B 46 XHE RN 28 37 5 A Fef
MC LBl RIP A R Z R R, B AR i
A CCS Hughimiy= A=, B BIE AP 5l ok 32 3
CCS M RyBR . 75 1 g R 5K 6 FEl 7 B ER
Y5 FARAL, AN, 7E—A 5 B A I i i 5% v
FEAR b e B ik, MC3 BIE A8t 25 S 3 LG HAm 2 A

30 30 30
(a) MC1 (b) MC1 (©) MC1
e MC2 o MC2 e MC2
257 MC3 287 MC3 257 MC3
—- MC4 —o- MC4 —o- MC4
201} 20 f 2t
g g g
g £ E
= st = 15t = st
S 3 §
S £ S
10} 10} 10}
5F el 5t 5t
0 1 1 1 O 1 1 1 0 1 1

0 2 4 6 8 10 0 2

Amax/mm

dimax/mm

6 8 10 0 2 4 6 8 10

dinax/mm

6 7 n/m = 2/4(a), 2/5(b), 2/6(c) KT B S A Lk A0 40 X 15 20 BB IR T Ak 06 R 48 MO 22 B O A5 R 3 2

32 30 40 U7 T 4 KR 11

Fig. 6. The absolute value of the magnetic island width as a function of d,, of each MC in n/m = 2/4 (a), 2/5(b) and 2/6(c) is-

land chains, the deformations of each MC are without perturbations of CCS.
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Influence of coil deformation on magnetic topology structure
in Chinese first quasi-toroidally symmetric stellarator”
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(Institute of Fusion Science, School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, China)
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Abstract

In stellarators, error fields arise from the inevitable deviations in the fabrication and assembly of complex
coil systems. The magnetic configurations of stellarators are predominantly generated by external coils and are
highly sensitive to these error fields. Therefore, assessing the impact of coil deformations on stellarator magnetic
topology is important. The purpose of this study is to explore the influence of error fields, caused by modular
coil (MC) perturbations, on the magnetic topology of the Chinese First Quasi-axisymmetric Stellarator (CFQS).
In this work, by changing the Fourier coefficients that represent the current-carrying surface (CCS) and the

“out-of-surface” disturbance on each MC can be

coil, two types of deformation coils, i.e. “in-surface” and
obtained. Subsequently, three kinds of magnetic islands (v = 2/4, 2/5 and 2/6) are used to identify coil
deviations that have a significant influence on the CFQS magnetic configuration. Several important results are
obtained as follows. i) The same deformation of a coil gives rise to various resonant error fields with different
amplitudes. ii) The sensitivity of a resonant error field to the deformation of each coil is different. The in-
surface disturbance of the most complex coil may not have a significant influence on the magnetic topology
structure. iii) The sensitivity of the resonant error field to out-of-surface disturbance in the coil is higher than

that to in-surface disturbance.
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