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µ 1  FECR����s> OPERAT�¶· 

Fig.1  OPERA 3D model: (a) components of a half-length 

prototype of the FECR magnet and (b) the sextupole coils 
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Table 1  Magnetic forces in magnet coils 

Parameter F

x

/kN F

y

/kN F

z

/kN 

Sextupole end 1 39.7 -8.5 -17.4 

Sextupole end 1′ -1.2 71.4 -52.2 

Sextupole straight 2 114.6 -293.2 - 

Sextupole straight 2′ 114.5 293.5 - 

Sextupole end 3 -1.2 -70.9 52.3 

Sextupole end 3′ 39.6 8.3 17.3 

Solenoid 1 - - 1173.8 

Solenoid 2 - - -1173.8 
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µ 2  FECR����s>T����p�¶· 

Fig.2  3D finite element model of a half-length prototype of the 

FECR magnet: (a) along the magnet length and (b) along 

the magnet hoop 
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Sn sextupole coil-pack 
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Fig.4  Nb
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Sn solenoids sub-assembly 

 

 

 

 

 

 

 

µ 5  ¹º®ab�� 

Fig.5  Radial pre-load system 

 

 

 

 

 

 

 

 

µ 6  »º®ab�� 

Fig.6  Axial pre-load system 
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Table 2  Isotropic material properties in the FE-model 

Young’s 

modulus/GPa 

Material 

293 K  4.3 K 

Thermal 

expansion/ 

¼10

-6

 K

-1

 

Poisson’s 

ratio 

Coil 41 41 11.6 0.3 

Ti 6Al 4V 130 130 6.03 0.3 

C51000 110 120 10.8 0.3 

Iron 213 224 6.82 0.28 

Al 7075 70 79 14.5 0.34 

SS 316 LN 193 210 9.83 0.28 

G10 30 30 24.4 0.3 

 

 

 

 

 

 

 

µ 7  Bladder½¦¾¿ 18 MPa¦`a> Load-keys lÀ 

Fig.7  Load-keys gap opened with all bladders pressurized at the 

same time up to 18 MPa 

 

 

 

 

 

 

 

 

 

 

 

µ 8  ghMN Von-Misesab 

Fig.8  Von Mises stress in the sextupole coil: (a) assembly,    

(b) cool-down, and (c) magnetic excitation 
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µ 9  ¥,¦ghMN¡Á»iÂÃfl>ÄÅab 

Fig.9  Contact pressure between the sextupole coil and 

pole/end-shoe when magnetic forces is applied to the 

coil 
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Fig.10  Von Mises stress distribution in the solenoid coils (left): 

(a) assembly, (b) cool-down, and (c) magnetic excitation; 

contact gap between solenoid coils and their formers 

when magnetic forces are applied (right) 
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Abstract: The new Nb

3

Sn superconducting magnet system for the fourth-generation 45 GHz ECR source (FECR) is under developing in 

the Institute of Modern Physics (IMP). Because the magnet is made from Nb

3

Sn which is sensitive to the strain and there are strong 

Lorentz forces between the solenoids and sextupole coils, the mechanical structure design is a big challenge. In order to verify the 

reasonability and feasibility of the structure design and its simulation results, a half-length prototype of the FECR magnet was developed. 

This paper presented the detailed design of the magnet structure. The stress distribution and variation of the prototype during assembly, 

cooling down and charging have been got with the three-dimensional finite-element model and are presented in the paper. The results will 

be used as reference of the room-temperature magnet assembly. 

Key words: FECR ion source; Nb

3

Sn; sextupole; solenoid; ANSYS; stress 
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