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+ higher current density
+ smaller and lighter
+ no DC power loss
+ smaller operation cost

Superconductivity

1 m

conventional magnet

T

Jc

B

superconductive magnet

- AC power losses
- cooling (liquid He)
- complex design
- higher investment cost



7

H
er

be
rt

 D
e 

G
er

se
m

In
st

itu
t f

ür
 T

he
or

ie
 E

le
kt

ro
m

ag
ne

tis
ch

er
 F

el
de

r

Nuclotron Magnet

copper wire
superconductive
filament

Pictures: GSI



8

H
er

be
rt

 D
e 

G
er

se
m

In
st

itu
t f

ür
 T

he
or

ie
 E

le
kt

ro
m

ag
ne

tis
ch

er
 F

el
de

r

Time-Varying Magnetic Fields

flux perpendicular to 
the lamination

eddy currents
+ power losses

flux through super-
conductive cable
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Transient FE/FIT Solver
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Transient FE/FIT Solver

Transient FE/FIT solver

• time integrator: Singly Diagonally Implicit Runge-Kutta 3(2)
+ adaptive time step selection

• non-linear solver: Newton

• system solver: curl-curl algebraic multigrid (ML package)

Typical model

• construction/visualisation by commercial tools
(CST EMStudio, Matlab)

• 1 million degrees of freedom

• 100-1000 time steps

• one night of computation time

Tim Boonen (KU Leuven): help with the ML-package
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Influence of the Lamination

Permeability

1. Lamination
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Transient FE/FIT Solver
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adjacency loop cross-over loop

Rutherford cable

strand

superconductive
filament

copper wire

twisted strands

Rutherford Cable (1)
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Magnetic Flux Density
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Adjacency Eddy Currents (2)
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perpendicular
magnetic field

( ),pB r θ
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Cross-Over Eddy Currents (2)
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Meshing

1.4 m

graded mesh in z-direction

Skin depth has to be resolved!Skin depth has to be resolved!

eddy
2
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Summary and Outlook

3D transient, nonlinear simulation of a 
superconductive magnet

homogenisation of the yoke lamination
eddy currents in the yoke
cable magnetisation
different designs for the end plates

Future work:
comparison with measurements

increase resolution in both time and space

repeat simulations with unstructured grids (FE)
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1. additional discretisation
for unknown electric
field             :,z qE

2. adjacency eddy current density :

3. netto current through           = 0qΩ

additional constraint !

due to perpendicular
magnetic field

Adjacency Eddy Currents (1)
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additional load term for 
magnetic FE model

additional constraint

degrees of freedom for ,z qE

Adjacency Eddy Currents (2)
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Bl
due to parallel
magnetic field

r

θ
( ),qM x y

shape functions
related (but not
necessarily equal)
to the zones of current
redistribution

( ),qM x y

Adjacency Eddy Currents (3)
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