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Motivation

Resistive Superconductivng Fault Current limiter for DC transmission:
superconducting device operating in DC regime —normally at | <1,

700
600 %! ! '. ~ i' '
500

0 50 100 150 200 250 300

X [mm]

At which DC current the device is safe?
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Characterization of /_reduction
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Analytical model

electro-thermal model for checking the long-term stability
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evolution of temperature in time easily found by iterative numerical computation
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Analytical model - iterative solution
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electro-thermal model for checking the long-term stability
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Analytical model - iterative solution
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electro-thermal model for checking the long-term stability
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DC current triggering the hot-spot development

FCL tape: only 2x1 ym Ag stabilization To=77.3 K, I min (T))=517A,n=35T,=87K
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Analytic computation of the maximum stable temperature

at supplying the current |, , temperature will grow until reaching
the maximum stable value, T, at the dissipation P,

0 n
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1) In the equilibrium, dissipation is exactly balanced by cooling
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Analytic computation of the maximum stable temperature

at supplying the current |, , temperature will grow until reaching
the maximum stable value, T, at the dissipation P, 0050
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Analytic computation of the maximum stable temperature and maximal dissipation

at supplying the current |, , temperature will grow until reaching ATiig = Tuig— To
the maximum stable value, T, at the dissipation P, 0050 ./
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Analytic computation of the maximum stable current

at supplying the current |, , temperature will grow until reaching ATiig = Tuig— To
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DC current triggering the hot-spot development

FCL tape, single defect with dimension 2 mm, n = 35
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DC current triggering the hot-spot development

FCL tape, single defect with dimension 2 mm, n = 35
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DC current triggering the hot-spot development

influence of defect dimension
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DC current triggering the hot-spot development

influence of defect dimension 100 um Hastelloy, 3 umYBCO, 2 x 1.5 umAg
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DC current triggering the hot-spot development

influence of defect dimension 100 um Hastelloy, 3 umYBCO, 2 x 1.5 umAg
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DC current triggering the hot-spot development

influence of defect dimension 100 um Hastelloy, 3 umYBCO, 2 x 1.5 umAg
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Remark on | determination
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Remark on | determination

Tape with defect in two different cooling conditions
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Conclusions

Simple analytical model allows to predict the probability of hot spot creation in
dependence on the value of transported DC current. It requires to know the value of
minimum critical current, | ..., and the tape properties regarding the heat transfer.

The length of tape section with reduced critical current has only minor influence on
the value of current triggering the hot spot creation, Itrig

In a long (>10 meters) tape, relevant for hot spot analysis is only the place with IC,min

Presence of spots with lowered | in combination with imperfect cooling leads to
temperature increase resulting in lower determined |, and increased n-power



DC current triggering the hot-spot development

FCL tape, defect with dimension R, in 10 cm long sample, | , =670 A FEM model : Comsol 5.4, 2D
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DC current triggering the hot-spot development

FCL tape, single defect with dimension Ry, in 10 cm long sample, I, =670 A
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Smaller defects do not evolve in a hot spot



