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Background: Vortices and Pinning
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Delamination of SC films

Background: Challenges in the applications

€ Mechanical behaviors

* Electromagnetic force
* Thermal stress
* Manufacturing stress
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Background: Challenges in the applications

€ Thermomagnetic instability Reduced
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Background: Thermomagnetic instabilit

v Instability phenomenon is widely encountered in nature and
engineering, which sharing some common charecteristics

Brittle fracture Electric breakdown Thermomagnetic instability

-

Mechanical breakdown Lightning flux avalanches

Loads force Electric potential Magnetic field
Field Stress/strain Electric-thermal field Electromagnetic-thermal field
Equations Force Equibrium Charge Conservation Maxwell eo!uatif)ns

and heat diffusion and heat diffusion
Velocity supersonic <us Sub-us or ns




Background: thermomagnetic instability of SCs

Experiments) Magneto-optical imaging

- Faraday Effect:

Light source

~~~~~ ’(P -

Polariser

Analyser

MOI of YBCO thin film at 10 K ~ km/s

Europhys. Lett., 59 (2002) 599-605



Background: thermomagnetic instability of SCs

Jumping in the magnetization curves Blocking the channel for transport
(N TRR™ current in superconductor film
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Background: Multiphysics coupling in application of SCs

B Superconductors, under coupled multi-physical fields,
experience severe thermomagnetic and mechanical instability
problems.

e AC Loss Electromagnetic field

e Hysteresis Loss (Maxwell Equation)

e Joule Heating

fL = Jx B

Je
Jo(B,T) @)

/

Temperature Displacement
(Heat Equation) s (Equibrium Equation)

e Thermal expansion
e Temperature dependent constitutive laws
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Background: Instability in bulk SCs
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Modelling framework

Governing Equations and workflow
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Research Progress: Instability in bulk SCs
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Research Progress: Instability in bulk SCs

Model verification: flux jumps in MgB2
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Research Progress: Instability in bulk SCs

Threshold magnetic fields Vs Parameters
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Model: bulk Superconductor in pulsed field
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Research Progress: Instability in bulk SCs

Maximum Temperature in the Bulk
during a typical pulsed field
magnetization process: shows
typical multiple time-scale
behaviors.
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Research Progress: Instability in bulk SCs

Maximum Temperature Distribution within the bulk during flux jumps.
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Magnetic flux density norm (T)
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Research Progress: Instability in bulk SCs

Magnetic flux Distribution within the bulk during flux jumps.
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Research Progress: Instability in bulk SCs

Stress/strain distribution within the bulk during flux jumps.
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Research Progress: Instability in bulk SCs

Influence of the ramp rate on the flux jumps (1=120ms)
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Research Progress: Flux Avalanches in bulk

Infinitely long cylinder bulk under pulsed field
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B A numerical model is proposed to simulate the Flux jumps,
stress/strain and structural degradation in Bulk
superconductors during pulsed field magnetization.

B Due to the multiple timescales intrinsically involved in the
instability behaviors, solving the coupled Multiphysics models
numerically to simulate the thermo-magnetic-electro-
mechanical instability is still a challenge task ahead.

B More efficient simulation methods (such as the FFT based
scheme) are needed to simulate the coupled instability
behavior.
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Thanks for your attention!
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