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Abstract

The Second-generation high-temperature superconducting (HTS) Rare-Earth Barium Copper Oxide (REBCO) wire is a
composite laminate having a multi-layer structure (8 or more layers). HTS wires will undergo multiple loads including the bending-
tension loads during winding, high current density, and high magnetic fields. In particular, the wires are subjected to bending stress
and magnetic field stress because HTS wires are wound around a circular bobbin when making a high-field magnetic. Each of the
different laminated wires inevitably exhibits damage and fracture behavior of wire due to stress deformation, mismatches in thermal,
physical, electrical, and magnetic properties. Therefore, when manufacturing high-field magnets and other applications, it is
necessary to calculate the stress-strain experienced by high-temperature superconducting wire to present stable operating conditions
in the product's use environment. In this study, the finite element model (FEM) was used to simulate the strain-stress characteristics
of the HTS wire under high current density and magnetic field, and bending loads. In addition, the result of obtaining the neutral
axis of the wire and the simulation result was compared with the theoretical calculation value and reviewed. As a result of the
simulation using COMSOL Multiphysics, when a current of 100 A was applied to the wire, the current value showed the difference
of 10°°. The stress received by the wire was 501.9 MPa, which showed a theoretically calculated value of 500 MPa and difference
of 0.38% between simulation and theoretical method. In addition, the displacement resulted is 30.0012 um, which is very similar
to the theoretically calculated value of 30 um. Later, the amount of bending stress by the circular mandrel was received for each
layer and the difference with the theoretically obtained the neutral axis result was compared and reviewed. This result will be used
as basic data for manufacturing high-field magnets because it can be expanded and analyzed even in the case of wire with magnetic

flux pinning.
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TABLE 1
CHARACTERISTICS OF SAMPLE (SUNAM SANO04)
Processing of MgO IBAD
Processing of Superconductor RCE-DR
Thickness x width (mm) 0.11x4.02
GdBCO superconductor thickness (um) ~1tol15
Silver(Ag) thickness per side (um) ~3
Critical current (Ic) at 77 K and self-field (A) ~243
TABLE 2
MATERIAL PROPERTIES OF THE SUBSTRATE AND THE SUPERCONDUCTING
LAYER
Properties STS |Superconductor
Density (kg/md) 8,000 870
Young’s modulus (GPa) 190 150
Poisson’s ratio 0.3 0.3
Tensile yield strength (MPa) 840 80
Compresazllsl g;ld strength 215 100
Tensile ultimate strength (MPa) 505 100
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Fig. 1. Application bending deformation to Superconducting
wire using the mandrel.
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Fig. 2. 1-V curves and Critical current of Ag stabilized HTS
wire before and after bending application to samples.
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Fig. 3. SEM image of GABCO superconducting layer after
bending at 5 mm radius mandrel.
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TABLE 3
CRITICAL CURRENT MEASURED AT EACH BENDING RADIUS.
Bending Ic Bending strain calculated at
radius superconducting layer
£b =0.73 %,
7.5mm 218 A .
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Fig. 4. Magnet flux distribution calculated at 100 A and
1 T condition.
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Fig. 6. Stress induced in the superconducting wire at 100 A
applied current condition.
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Fig. 7. Tensile loading situation to superconducting wire.
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Fig. 8. Distribution of axial tensile stress(MPa) to
superconducting wire.
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Fig. 9. Distribution of displacement(um) induced in the
superconducting wire.
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Fig. 10. Schematic diagram showing combined loading
mode of bending and tensile force.
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Fig. 11. Analytically calculated bending stress and Neutral
axis.
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Fig. 12. Bending stress(MPa) of finite numerical analysis.

Q1% (Tension) ™ 3§l (bending)oll &I 3 % WS
Table 49| EAISIet. #2314 At Zef oF 1,373 MPac)
<89S Wgton], ol olZHoz A4et it 53
MPa(4%)2] Afol& Bt & F2a)4 o] ke B ol
o MR 5 24U T FxIHAS FPshe]
7|x AER &8 Aol



Dongjin Seo, Yunjo Jung, Hong-Gun Kim, Hyung-Seop Shin, and Young-Soon Kim 23

TABLE 4
COMPARISON OF ANALYTICAL AND NUMERICAL ANALYSIS
- Analytical Numerical Difference
Properties method analysis (%)
Peak stress
(Tension, MPa) 500 501.9 0.38
Max
displacement 30 30.0012 0.004
(Tension, um)
Max stress
(Bending, MPa) 1,320 1,373 4.01
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