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Abstract Static magnetic field analysis AT TIME = 3 MS D

The DC superconducting fault current limiter Is an important

component of HVYDC power supply protection systems. Because the

critical current value of the superconducting tape Is associated with e e o e

the magnetic field around it and the electromagnetic force suffered by // N

the superconducting coil in power supply system faults may damage O e s ting !
It, 1t Is necessary for the performance analysis and the optimization B | P e e e ’

0000000
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deS|gn of superconductlng fault current limiters to understand the Magnetic field lines agnetic flux density = Magnetic field lines Magnetic flux density

magnetic field distribution and the electromagnetic force. Computational domain of disc coil Computational domain of cylinder coil Comparison of the disc and cylinder coil

In the paper, the static and the transient magnetic field FEM
computational models of DC superconducting fault current limiters ' ' THE MAGNETIC FLUX DENSITY MAXIMUM VALUE
for the normal operation and the short-circuit fault are established. When the current in the superconducting tape is 150A, the magnetic
Using the static magnetic field model, the magnetic field distribution = o flux density maximum value, and the parallel and perpendicular
of a disk and a cylinder superconducting colls Is calculated, and using = . e AN component maximum value of the magnetic flux density of the cylinder
the transient magnetic field model, the transient magnetic field  m———— a0 + o H“““*»\ ~ coil is greater than the disc coil. This shows that disc coil has a larger
distribution and the electromagnetic force for the two coils are T | operating current carrying capability.

analyzed.

Distance (mm) Distance (mm)

aREEE a - Flux density Parallel Perpendicular
Two superconducting coll structures Magnetic field lines ~ Magnetic flux density Y component of B X component of B | | maximum value  component component
| | | | | Disc coll 120.84GS 108.33GS 105.44GS
Coil configuration Disc Cylinder Cylinder coil 165.75GS 136.10GS 126.25GS
Inner radius (mm) 60 | |
Outer radius (mm) 400 Y T
nside solenoid radius 180 TV T 33;\ = THE RADIAL ELECTROMAGNETIC FORCE
- (mm) 1{ l W f‘ Zﬁ\ \H WA W When short-circult fallure, the radial electromagnetic force suffered
Outside solenoid radius 220 o ] S \M\ \\wa“\l\\\; : : : -
(mm) ot I by the Innermost layer superconducting tape of the disc coil is 34.2 N/ m
HgigIhE (mm) Elig 58400 ; N | at t=3ms, while the radial electromagnetic force suffered by the
rurm pitch (mm) A e LW : é e o guperconducting tape located in the inside solenoid middle of the cylinder
Tape length (m) 100 100 e _ _ coil 1s 86.2 N / m. The electromagnetic force suffered by the
— _ Magnetic field lines Magnetic flux density X component of B X component of B _ _ N Y _
Finite element analysis model suplerconductlng tape of disc coil Is significantly less than the cylinder
coil.
THE DESCRIPTION EQUATION |
e TR
- ™ Transient magnetic field analysis
Static magnetic field Transient magnetic field The finite element calculation of the two superconducting coils
1 1 54 It Is assumed that the normal operating current in the with different structures shows that the disc coil has a larger
i (ZV XAz(x’”) = J2(%,7) VIV xA=ls—ogys superconducting tape is 150A, a short-circuit fault occurs at time t = 0, operating current carrying capability and the electromagnetic
THE BOUNDARY CONDITIONS the current In the superconducting tape rise from 150A in accordance force suffered by the superconducting tape of disc coil Is
| | with the sine law, at t = 3ms it reaches a maximum value of 1500A. That significantly less than the cylinder coll.
Only the y = 0 boundary edge of the computational domain for is: The calculation models and the results in this paper can provide
the cylinder coll Is set as even symmetry boundary condition, the 1=150+1350sin(27x83.33xt) reference for the performance analysis and the optimal design of

rest Is set as the Dirichlet boundary conditions. where | Is the current in the superconducting tape, t is time. DC superconducting fault current limiters.



