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Short-Circuit condition

Steady-State Condition

Fundamental Principals:
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Simulation Model

3D SIC-SFCL Model
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Characterization of the 
superconducting material

Characterization of the 
ferromagnetic material

8/18



AC Source 220 V

DC Source 250 A

220V/30A (steady-state)
220V/1.6kA 

(short-circuit)
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∇ ×
1

𝜇
∇ × 𝑨 = 𝑱𝑯𝑻𝑺 + 𝑱𝒄𝒖 + 𝑱𝒊∇ × 𝜌∇ × 𝑻 = −

𝜕𝑩

𝜕𝑡

T-Formulation A-Formulation

Ω𝐻𝑇𝑆

Ω𝐴
𝑩 calculated by A-formulation is a source in T-formulation

𝑱𝑯𝑻𝑺 calculated by T-formulation is a source in A-formulation 

𝐽𝑐𝑢

𝐽𝑖
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𝑬 = −𝛁V −
𝜕𝑨

𝜕𝑡
𝑉𝐻𝑇𝑆 = ∫ −𝑬 −

𝜕𝑨

𝜕𝑡
. 𝑑𝑙
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𝑉𝐻𝑇𝑆 = ∫ −𝑬 −
𝜕𝑨

𝜕𝑡
. 𝒅𝒍

𝜕

𝜕𝑡
𝑨. 𝒅𝒍 =

𝜕

𝜕𝑡
(𝐴𝑥 . 𝑎𝑥𝑑𝑥 + 𝐴𝑦. 𝑎𝑦𝑑𝑦 + 𝐴𝑧. 𝑎𝑧𝑑𝑧)

𝑬. 𝒅𝒍 = 𝐸𝑥. 𝑎𝑥𝑑𝑥 + 𝐸𝑦. 𝑎𝑦𝑑𝑦 + 𝐸𝑧. 𝑎𝑧𝑑𝑧
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Electrical Schematic of the simulated SIC-SFCL:

𝑇1 − 𝑇3 . 𝑑𝐻𝑇𝑆 = 𝐼𝐻𝑇𝑆

𝑛 × 𝑯𝟏 −𝑯𝟐 = 𝑱𝑯𝑻𝑺. 𝑑𝐻𝑇𝑆

T  formulation

A formulation
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1𝜙 2𝜙 3𝜙 𝐵(𝑇)
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1𝜙 2𝜙 3𝜙
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1𝜙 2𝜙 3𝜙
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1. The SIC-SFCL was simulated and validated by the experimental tests of 
the SIC-FCL.

2. Impacts analysis of different short-circuits was performed in order to 
predict the fault with the highest impact over the DC coil.

3. The highest impact over the DC coil was found in the phase-to-phase 
short-circuit.

4. Regardless of the kind of short-circuit, all phases are impacted.
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Thank you so much

Gabriel dos Santos

e-mail: gdsantos@id.uff.br


