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Fig.1 Schematic of two layers of tilted solenoids producing a

pure dipole field
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Fig.2 Diagram of the parameters of tilted solenoids coil
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Fig.3 Two types of tilted solenoids windings: (a) double layers
and (b) quadruple layers
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Table 1 Design parameters of the tilted solenoids magnet

Parameter Value
Central field/T 2.5
Operating current/A 1000
Coil aperture/mm 100
Skew angle/(°) 42
Layers 10
Turns per layer 262
Pitch/mm 3
Stored energy/MJ 0.14
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Table 2 Parameters of the NbTi/Cu strand

Superconducting wire Parameter
Wire type Monolith
Insulating material Formvar
Bare dimensions/mm 1.70x1.10
Insulated dimensions/mm 1.80x1.20
Cu:Sc 1.3:1
RRR (293 K/10 K) =100
1. (5T,4.2 K)/A =2000
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Fig.4 Tilted solenoids dipole model in 3D by OPERA
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Fig.5 Contour map of the transverse field at 2/3 of the clear bore
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Fig.6 Dipole field (a) and solenoidal field (b) along the axial
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Fig.7 Concept of the coil zoning
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Table 3 Computed harmonics at the mid-plane at R,=66.7 mm (2/3 of coil aperture)
b2 b3 b4 b5 b6 b7 b8 b9
-2.50%x107 3.67 2.15%x107 -7.16x107 4.19%x107 4.19%x107 -9.59x1078 1.13x107

2/3 of the coil aperture
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Fig.8 Half of coil model
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Fig.10 Schematic for the tilted solenoids superconducting

magnet system
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Fig.11 Section of 10 layers of tilted solenoids coil
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Table 4 Usage of coil conductor

Length per turn/ Length per layer/

Layers Turn

mm m
1 262 792 207.50
2 262 831 217.72
3 262 871 228.20
4 262 910 238.42
5 262 950 248.90
6 262 989 259.12
7 262 1029 269.60
8 262 1068 279.82
9 262 1108 290.30
10 262 1148 300.78

Total 2540.36 m
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Table 5 Calculation of the heat loads of cryogenic system

Parameters SC magnet Radiation shield
Temperature zone/K 4.2~60 60~300
Radiation/W 0.5 12
Supports/W 0.06 1.72
Current Leads/W 0.52 67(92.4)
Joints/W 0.01 -
Total/W 1.09 80.72 (106.12)
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Fig.12 Temperature profiles for the magnet
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Fig.13 Temperature profiles for the cooling shield
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Fig.14 CNC machining of a section of aluminum alloy skeleton:

(a) skeleton rough machining, (b) set into mandrel to
support skeleton, (c) process tilted solenoids geometry

grooves, and (d) complete the section

. T HRERZ, EREREER, FUALER W
ZE AL ) o Ao LAY A, CA R
— AT T WA, BE T AR, R
UE IR AR I GE SR RS L

3 & it

1) i RADIA F1 OPERA 2 Fft B 0 ¥ 1 A1 %o 1
AT G A, Btk T — 6 2.5 T RURLERE S
HEARRERL, S35 BEIR ) T 4% 107, % m i il i s iy
W7 R A% .

2) HEPRIE 4 2R 7 e, W NS
A, RUERGALE e R )7 R e ig AT . [FIl, fiE



* 3450 -

Wit e m A RS TR

%847 %

T HEAR v Bf LR o A D AR AR S B P A
(/e

3) M E AR S LR A B, #
2T RHR L B2k ol (1 QBRI T2k, R
SRSl 7R AR 2k 7l 3 AR R AE Gantry Y6 9T 3 LA
SRR AR I S B 2 5

SE MK
[1] Weinrich U. Proceedings of EPAC 2006[C]. Edinburgh:

References

European Physical Society Accelerator Group, 2006

[2] Fuchs R, Weinrich U, Emde P. Proceedings of EPAC 2004[C].
Tsukuba: European Physical Society Accelerator Group, 2004

[3] Meyer D 1, Flasck R. Nuclear Instruments and Methods[J],
1970, 80: 339

[4] Meinke R, Ball M, Goodzeit C. Proceedings of PAC 2003[C].
Portland: IEEE, 2003

2003, 13(2): 1365

[6] Meinke R, Goodzeit C, Ball M. I[EEE Trans Appl Supercond[J]],
2003, 13(2): 1369

[7] Goodzeit C, Meinke R, Ball M. Proceedings of PAC 2007[C].
Albuquerque: IEEE, 2007

[8] Caspi S, Dietderich D R, Ferracin P et al. IEEE Trans App!
Supercond[J], 2007, 17(2): 2266

[9] Witte H, Yokoi T, Sheehy S L et al. IEEE Trans App!
Supercond[J], 2012, 22(2): 4 100 110

[10] Hafalia A, Caspi S, Felice H et al. IEEE Trans Appl
Supercond[J], 2014, 24(3): 4 001 904

[11] Caspi S, Brouwer L N, Lipton T et al. IEEE Trans App!
Supercond[J], 2015, 25(3): 4 002 304

[12] Montgomery D B, Weggel R J. Solenoid Magnet Design[M].
New York: Wiley-Interscience, 1969

[13] Gavrilin A V, Bird M D, Keilin V E et al. IEEE Trans App!

[5] Goodzeit C, Ball M, Meinke R. IEEE Trans Appl Supercond[J], Supercond[J], 2003, 13(2): 1213

Design of a Superconducting Gantry Dipole Magnet Based on Tilted Solenoids

Liang Yu1’2, Ma Lizhenl, Wu Wei', Wu Beimin', Shi Jianjun3, Chen Yuquanl, Mei Enming1
(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)
(3. Lanzhou Kejin Taji Corporation, Ltd, Lanzhou 730000, China)

Abstract: To solve the problems of huge magnet weight and expensive operation of Gantry therapy device, this paper proposes a new type
of coil structure based on tilted solenoids. We have completed a 2.5 T NbTi superconducting magnet prototype design for heavy ion
Gantry, which effectively reduces the gantry’s size and weight of the magnet compared to the proton therapy. The magnet consists of 10
layers of tilted solenoids with operating current of 1000 A. The coil clear bore is 176 mm in diameter and the good field region can be up
to 2/3 of the aperture. Because of the magnet’s special shape, it doesn’t require optimization and higher order harmonics naturally
integrate to zero through the ends. To ensure safe and stable operation of the magnet in the case of rotation, it uses the conduction cooling
form. Starting from the concept of tilted solenoid coil, the magnetic field design is reported in detail. Based on ANSYS thermal FEM
software, we simulate the temperature profiles inside the magnet and the thermal shield and obtain the thermal distribution of magnet
cryogenic system. Finally, we give a brief introduction about the magnet processing.

Key words: Gantry; tilted solenoids; NbTi; conduction-cooled; thermal analysis
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