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Abstract

AMR (Active Magnetic Regenerative) refrigerators require the large variation of the magnetic field and a HTS magnet can be
used. The amount of AC loss is very important considering the overall efficiency of the AMR refrigerator. However, it is very hard
to estimate the precise loss of the HTS magnet because the magnetic field distribution around the conductor itself depends on the
coil configuration and the neighboring HTS wires interact each other through the distorted magnetic field by the screening current
Therefore, the AC loss of HTS magnet should be calculated using the whole configuration of the HTS magnet with superconducting
characteristic. This paper describes the AC loss of the HTS magnet by an appropriate FEM approach, which uses the non-linear
characteristic of HTS conductor. The analysis model is based on the 2-D FEM model, called as ‘magnetic field formulation and
edge-element model’, for whole coil configuration in cylindrical coordinates. The effects of transport current and stacked
conductors on the AC loss are investigated considering the field-dependent critical current. The PDE model of ‘Comsol
multiphysics’ is used for the FEM analysis with properly implemented equations for axisymmetric model.
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TABLE 1
SPECIFICATIONS OF HTS WIRE
Parameter Value
HTS conductor type ReBCO, IBAD s1.1bstrate,
Copper plating
Width of conductor 4 mm

Thickness of conductor 0.2 mm (including insulation layer)

Thickness of HTS layer 1 um
Critical current (Ic)
141 A
@77 K, self field
TABLE 2
SPECIFICATIONS OF HTS MAGNET

Parameter Value
Inner radius (r;) 20 mm
Outer radius (r,) 41 mm
Height of coil (h) (including conduction plate 72 mm

of 1 mm thickness)
No. of DPC (Double Pancake Coil) 6

Operating temperature 40K
Max. operating current 100 A
Max. magnetic field 3T
Max. perpendicular magnetic field 1T
Max. magnetic field rate 0.1 T/s
Total length of conductor 471 m
Operating temperature 40 K

N turns of HTS wire

S

00011108

" Normal resistivity

Fig. 1. Schematic diagram of analysis model.
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Fig. 2. Critical current of HT'S wire under perpendicular
magnetic field at 40 K.
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Fig. 3. Magnetic flux density and streamlines at 100 A, 30
sec.

Time=1 Magnetic flux density (T) Streamline: Dependent variable H

0.037 A 01854

0.036 0.18

0.035 0.16

0.034 0.14

0.033

z[m]

0.032

0.031

0.03

0.029
0.038 0.04

0.042
rim] ¥ 4.3178x10°

0.044 0.046

Fig. 4. Magnetic flux density and streamlines at 1 sec.
around HTS wire.
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Fig. 5. Current distributions along the HTS layer at different
transport currents for single conductor.
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Fig. 6. Transport current loss of HTS wire for varying
magnetic field and transport current for single conductor.
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Time=3 Magnetic flux density (T) Streamline: Dependent variable H
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Fig. 7. Magnetic flux density and streamlines around the
stacked conductors at (a) 3 sec., and (b) 30 sec.
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