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[11. Simulation Results
e An air-core high-temperature superconducting (HTS) quadruple magnet has many advantages by eliminating iron-core of a conventional HTS guadruple magnet for

heavy ion accelerator application. It is compact, lightweight, and free to hysteresis of the ferromagnetic material. The air-core HTS quadruple magnet was designed to A. 2D I\/Iodeling and Simulation B. 3D I\/Iodeling and Simulation
achieve target field quality, such as gradient, uniformity, and effective length. It is composed of eight double-pancake racetrack coils, each wound with 4 mm wide HTS | Magneti f density norm (1 e | vt sy | e wagnetic < ETETTRRNNR
tapes. The uniform current density is assumed in the HTS tapes. However, in the HTS racetrack coils, magnetization currents are induced by the magnetic field | |

component perpendicular to the tapes, and the magnetization currents generate so called screening current induced field (SCIF). For the quadruple magnet, the SCIF % ‘ I

could be critical to the field quality. In this paper, the current density distribution Is calculated in the HTS racetrack coils considering the magnetization current, and
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the effect of the SCIF is analyzed and discussed on the field quality of the magnet.

|. Introduction

 [For heavy ion accelerator application, a quadruple magnet is exposed to a high radiation dose in the front of an
In-flight projectile fragment separator, where the rare isotope beams are produced through the interaction of the
primary beam with production target. Second generation (2G) high-temperature superconducting (HTS) tapes
are more efficient to cool the heat load than low-temperature superconducting wire because of its higher critical
temperature. Hence, a quadruple magnet made of 2G HTS tapes is indispensable for heavy ion accelerator
application.
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Fig. 3. The magnitude of the magnetic flux density of 2D simulation: (a) Case A and (b) Case B.
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 There are probably two kinds of HTS quadruple magnets, iron-core and air-core. It has not been reported yet that l— —l 1 B 01;\ /\b —~ABr
the screening current induced field (SCIF) affects the field quality of an iron-core HTS quadruple magnet. It may . T - | I ® | +i§;
be because iron-induced magnetic field dominates coil-induced field. By contrast, in the case of an air-core HTS [ “ ” l o1 \ |—BBp| /

guadruple magnet, the SCIF may lead to some problems because only coil-induced field exists.
 This poster is organized as follows: the designed air-core HTS quadruple magnet is modeled in 2D based on H-
formulation and domain homogenization in Section Il; 3D modeling is established using the current density -
distribution of the 2D simulation; all simulations are carried out by means of the commercial finite element . | ‘
method (FEM) software COMSOL Multiphysics; Section 111 analyzes the simulation results of the 2D and 3D | l H ” ] :
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models. Fig. 1. The schematic of the designed air-core HTS G == —_— 015F | f\e/ b}\ (a) Case Aand
quadruple magnet. | || — | — 02! \'¥/1 — é : o .5 6 (b) Case B.
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A. Governing Equation B. Key Design Parameters of the Quadruple Magnet Case B. SR magme o= anus fields of 2D LN v R 7 The
« This work adopts H-formulation with domain homogenization. The main idea Coaiont T 27012 " — simufation. %&os\ / ¢ b / | radial and
of domain homogenization method does not consider the actual stack of HTS Uni formity o 11175 11621 01613 01741 0.1F 1 _/ f \ ?./ 1 a2|muth_al
tapes but its homogenized bulk. H-formulation can be written as follows. Fig. 2. Each pole of the Effzctive mm 2070787 2071625 015 \ AN N, S - magnetic
Width - designed air-core HTS e 027 J/ N \./ AN - f'_e'dsl of 3D
_ o oH — quadruple magnet. The « Two cases are simulated to provide a comparison: Case A is that uniform current density is 025 : R E 5 — stmuiation.
V X p(V X H ) = —U Thickness duadruple magnet was assumed in HTS racetrack coils, while Case B considers the induced screening current. azimuthal angle (radian)
ot designed to have two « The magnetic flux density norm for Cases A and B is presented In Fig. 3. Both results are + 3D modeling of the designed air-core HTS quadruple magnet is based

double-pancake racetrack
coils on each pole.

almost identical except for the superconducting region. That Is because one of physical
properties of the superconductor expels the magnetic field.

The high normalized current density, J/J., Is localized in the inner region of SPC 1 and the
outer region of the remaining SPCs. This is associated with the high magnetic field regions

on 2D simulation result: the current density distribution of Fig. 4 is
assumed to be constant across all cross sections in all racetrack coils;
each cross section iIs divided into two domains, each of which has area
of Thicknessx Tapewidth/2; the current density distribution is

e An isotropic E-J relation is assumed. Thus, the resistivity of an HTS tape can
be expressed as follows.

E ]_> n—-1 . The 4 mm wide REBCO tapes manufactured by SUNAM Co.. Inc. was and the J.(B) dependence, as shown in Fig. 3(b). averaged in each domain; in 3D simulation, Cases A and B consider
P=7"17 employed. The operating current of the magnet is 50 A. The ’quadruple  The fields in the radial and azimuthal directions are obtained at the reference radius of 70 the uniform current density and averaged current density,
Je Ve mm. The maximum differences of the radial and azimuthal fields are 3 G and 2 G, respectively.

magnet is charged at a ramping rate of 0.05 A/s.

TABIEI
SPECIFICATIONS OF THE DESIGNED (UACRUPLE MAGHKET

respectively. The SCIF causes the discrepancy between Cases A and B. It Is important to note
that the induced screening current flips the original magnetic polarity of the designed magnet
and then reduces the target magnetic flux density.

The SCIF has been infamous for an HTS NMR magnet. However, In
the case of the air-core HTS quadruple magnet, the SCIF has a minor
effect on the field quality.

* In general, J. and n of have the magnetic field dependence. However, this work
ignores the n(B) dependence. The modified Kim model is used to describe J (B)
dependence.

Dammeters Unit SPC1 SPEC2 SPC3  SEC4
By — JcoBno Distance mm 964 125 D2 1341 1\VV.. Conclusion
Je(B) = Lt Ao 179
Bno + \/ B,* + k2B,* i el g Bl B « The air-core HTS quadruple magnet was designed assuming the uniform current density in all the racetrack coils. To analyze the effect
| o %ﬁ*ﬂmga;l mm 29 H - 2735 44 of the SCIF on the field quality of the quadruple magnet, 2D H-formulation with domain homogenization is used. 3D modeling Is
» For the homogeneous bulk model of stacked HTS tapes, J,(B) Is multiplied by et e 0 established based on 2D simulation result. The SCIF slightly reduces the gradient and aggravates the uniformity. However, in the case of
the volume fraction of an HTS layer. s v . . . . : .

E;ﬂgﬂ? A fﬂ-' an HTS quadruple magnet of a relatively high gradient, the influence of the SCIF may be important. Further study will be pursued on

Volume fraction 00057 full 3D modeling of the air-core HTS quadruple magnet to accurately calculate the electromagnetic behavior.
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