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Table 1 Conductor parameters

Parameter Value
Wire diameter/mm 1.3
Copper/non-copper ratio 1
RRR of the copper matrix 100
Insulation thickness/mm 0.12
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Fig.2 3D model of the Mirror structure: (a) exploded view and

(b) cross-section along the magnet radial
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Table 2 Isotropic material properties in the FE-model

Young’s Thermal

. . Poisson’s
Material modulus/GPa expansion/ .
293K 77K X10° K" ratio
Al 70 79 18.0 0.34
DT4 213 224 8.79 0.28
SS316 LN 193 210 13.0 0.28
G10 30 30 29.0 0.3
Dummy coil
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Fig.3 3D finite element model
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Fig.4 Von Mises stress in the dummy coil: (a) bladder operation,

(b) load-keys, and (c) cool-down
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Fig.5 Photos of the scene: (a) the room temperature pre-load

and (b) the cool-down preload
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Fig.6 Schematic of strain gauge layout

I 1 & Load-keys 2, i Mirror ik 45 44 %) A5
LR Bt 0 T A N g s B R RIS, BRI
T i) o7 12 A 328 T 1 R, R Y b 2 P A A B 3K
IR 2 Pl N TN, ) 3 A I A v S P R 5 v A B
TN AR SIS AR LA, WL 7.t TRl

1500

[l Numerical computation

I Experimental data 1.9%
1200 -

900

600

Hoop Strain/pe

300

0
Bladder operation Load-keys
1500

Cool-down

Il Numerical computation b

I £ xperimental data
1200

900 |
5%

600 |

Hoop Strain/pe

300} -

q}lad der operation Load-keys Cool-down

Process

Pl 7 LAULZR Bl R R 5 10 B AR
Fig.7 Strain of dummy coil (a) and shell (b)



* 4038 -

Mty e lm A RS TR

%48 3

G RGET) . MU L MR 72, S I i 1%
Z UL Ve S S AN R S D SR KA A, A B AN
S HAEAFAE S N, HIR KIRZEIAE 10% AN
V75 7 18 52 bR e IC U A AR A 2 BT 5, R R4 25 e
it g 47 S S A AT

3 & it

1) /04T NbsSn N RE Mirror K54 (1 20
Be AT RENE AR S B B HERA TR 7, KA 2 el A
JERSE, b ilE T SO B S i 2 P

2) i H ANSYS A7 R 70 A 2 A 1R 2 el
Mirror Wl 25 4] 75 %8 3 758 1 ¥4 201 8 il aod 7 v ) 12
NAZ, If 5 SRR g5 AT T X S AT, a4
RWy& RAF, Buk T 45 R Bk (A BV R B A5 R
Al M. BEfE S Mirror JU3R 45 44 7 B4R NbsSn 7S #l 2k
[ 7F Bladder ] /5. Load-keys. ¥ 11t 72 b i
IRy ) A4 S AT o

2% LWk References

[1] Yang J C, Xia J W, Xiao G Q et al. Nuclear Instruments &
Methods in Physics Research B[J], 2013, 317: 263

[2] Zhao H W, Sun L T, Guo J W et al. 16th International
Conference on Ion Sources[C]. New York: ThuPS26, 2015

[3] Sabbi G S, Hafalia A, Juchno M et al. Design of the Nb;Sn
Superconducting Magnet System for the 45GHz ECR Ion

Source at IMP LBNL Report, 2001036[R]. San Francisco:
LBNL, 2017
[4] Juchno M, Hafalia A, Lu W et al. IEEE Trans Appl Supercon
[J1, 2018, 28(3): 4 602 806
[5] Yang Tongjun, Yuan Ping, Zhou Luncai et al. IEEE Trans App!
Supercon[J], 2016, 26(4): 4 004 105
[6] Guan Mingzhi, Hu Qiang, Gao Peifeng et al. Chin Phys Lett[J],
2016, 33(5): 058 502
[7] Wang Qiuliang( £ 4k R). High Magnetic Field Superconducting
Magnet Science(i= i3 S iR R 22)[M]. Beijing: Science
Press, 2007: 13
[8] Pan Heng(i% ffir), Wang Li(+ #i), Wu Hong(# 4I) et al.
Journal of Harbin Institute of Technology(W /R Tk K242
R[], 2011, 43(7): 107
[9] Caspi S, Gourlay S, Hafalia R et al. IEEE Trans Appl
Supercon[J], 2001, 11(1): 2272
[10] Caspi S, Bartlett S E, Dietderich D R et al. IEEE Trans Appl
Supercon[J], 2004, 14(2): 235
[11] Chichili D R, Ambrosio G, Andreev N et al. AIP Conference
Proceedings[J], 2004, 710: 775
[12] Zlobin A V, Andreev N, Barzi E et al. AIP Conference
Proceedings[J], 2010, 1218: 1031
[13] Andreev N, Barzi E, Bossert R et al. IEEE Trans Appl
Supercon[J], 2010, 20(3): 288

Mechanical Design and Testing of the Magnet Mirror Structure
for Dummy Coil of a Superconducting FECR Ion Source

Zhu Li"?, Wu Wei®, Yu Shurong', Du Zhuoyue?, Chen Yuquan®, Mei Enming®, Sun Liangting®
(1. Lanzhou University of Technology, Lanzhou 730050, China)

(2. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: To test the performance of the individual sextupole coil after the process of winding, heat treatment and vacuum-impregnation,

a Mirror structure based on a Bladder and Key technology during the magnet assembly was devised. In order to simulate the assembly

procedure from bladder and key pre-stress at room temperature through cool-down and verity the proposed method with ANSYS, a dummy

coil according to the size of the sextupole NbsSn coil was got. Test results of the strain in the middle of shell and dummy coil exhibit a

very good agreement with expected results calculated with the structural analysis program ANSYS, and the maximum error is less than

10%. The result verifies the rationality of the Mirror structure design and the credibility of simulation results.
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