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Experimental and Numerical Study on Crack Evolution of Nb Barriers Causing Ic Deterioration
in Multi-filament MgB2 Strands during Cabling Process for Large-scale Energy Storage Coils
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Background

-In order to reduce green house gas emission and realize the sustainable society, great number of renewables in electric
power system need to be introduced.

-One of the big issues of introducing renewable energy sources is uncontrollable, changing output power,
depending on the weather.

-Our group have been proposed new power system reducing carbon footprint named Advanced Superconducting Power
Conditioning System (ASPCS) which includes renewable resources, superconducting power applications and
Liguid Hydrogen(LH2) storage and distribution system.

- Along with the wide-spreading Hydrogen energy use,

the superconducting magnetic energy storage (SMES) device made of MgB2 has
been rapidly attracting the attention with respect to its Tc = 39 K, which is well
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above the boiling temperature of LH2. e
- In this project, Our group will perform the feasibility study of MgB2 material |
applied to large-scale conductor and SMES coils.
v MgB2 coils wound with 600A Rutherford type conductors are designed oy Wﬁ
introducing React-and-Wind (R&W) , Wind-and-React (W&R) processes. -
v'  Through the conductor and coil test campaigns, undesired deteriotations Advanced Superconducting |
in strand Ic were observed, so the origin must be cleared for Power Conditioning System (ASPCS)

MgB2 Conductors and SMES Coils: Agplymg leferent Manufacturing Methods for Feasibility Study
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v Although the coils worked well, undesired deteriorations in Ic were observed
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v Deterioration of Ic -12% to -28% was observed. v’ Intrinsic Crack in Nb barrier is inevitable
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XFEM Analysis for Crack Evolution
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(ii) Dents due to cable compaction
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products and reduced amount of MgB2.
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-------------- (a) FEM based on linear Fracture mechanics
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v Two-dimensional XFEM analysi is performed, saving CPU time

185
800

1000

1+a/0

v" Cracks cause the MgB2 powder leakage, which results in undesired reaction
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even in the nonlinear simulation.
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even at the low-stress time.

SUMMAY ¢ The coils made with R&W and W&R methods for SMES device worked well as designed.

The length of the crack is not evolved

v’ Cleavage is not so large compared

to inner crack case.

® Not small Ic degradations have come to light, CT observation unveiled the damage of Nb barriers due to radial deformations.
® To verify the barrier damage, XFEM analysis was conducted and showed cleavage and crack evolution in the Nb and filament.
® Simulation of the cleavage evolution in the Nb barrier should be improved for explaining actual crack situation.



	Experimental and Numerical Study on Crack Evolution of Nb Barriers Causing Ic Deterioration �in Multi-filament MgB2 Strands during Cabling Process for Large-scale Energy Storage Coils

