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1. Statement of the problem

1.1 Motivation

The Macroscopic Maxwell Equations must be supplied with
a SOUND and PRACTICAL expression of the superconducting
material law

In quasistatic conditions:

(rags = HV?) H = (¥ x B x Vp(3)

*x A number of particular choices exist for p(J), but FE codes
lack an implementation for general purpose

*
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1. Statement of the problem

1.1 Motivation

The Macroscopic Maxwell Equations must be supplied with
a SOUND and PRACTICAL expression of the superconducting
material law

In quasistatic conditions:

(Mo% . (J)V2> H = (V x H) x Vp(J)

* A number of particular choices exist for p(J), but FE codes
lack an implementation for general purpose

* p(J) is not always a scalar
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1. Statement of the problem

1.1 Motivation

The Macroscopic Maxwell Equations must be supplied with
a SOUND and PRACTICAL expression of the superconducting
material law

In quasistatic conditions:

(Mo% . (J)V2> H = (V x H) x Vp(J)

* A number of particular choices exist for p(J), but FE codes
lack an implementation for general purpose

* p(J) is not always a scalar, neither a tensor !!

4htsMOD
badia-lopez

e STATEMENT

e MODELLING

e APPLICATION

Title

L

44

-
WM

;

Page 3 of 24
Back

Full Screen

Close

Quit

did

Home Page


http://fmc.unizar.es/people/anabadia

1.2. The underlying physical problem

LoCcAL GEOMETRY OF AMPERE’S LAW (J), J1)

1=H/H ; 2=VH/|VH| ; 3=1x2

= J=H(—0:0+ 030)1 + (H0)2 + (HO1p—0,H)3
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1.3. The underlying physical problem

LocAL GEOMETRY OF AMPERE’S LAW (J), J1)

1=H/H ; 2=VH/|VH| ; 3=1x2

= J= H(—@g@ + 83¢)1 + (H810)2 + (H81¢:@2AIEIN)3

EXAMPLE 1: uniform current density + axial field

1= (~y,z,1)//1+p?
2= (v,y,0)/p

3= (—y,2,—p*)/p\/1+ p?

Jl = Jo/\/1+,02 = —H6’29

Jo =0
J3 = —Jop\/ 14 p2 = —82H H
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EXAMPLE 2: planar sample in rotating field
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THE APPEARANCE OF JII .
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Ramping up

THE DISAPPEARANCE OF JH .
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Partial conclusions

A) x Rotations of the magnetic field are shielded by J
B) » In MQS, when rotation ceases .Jj disappears
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Partial conclusions My

A) % Rotations of the magnetic field are shielded by J
B) x In MQS, when rotation ceases .Jj disappears
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Partial conclusions

A) % Rotations of the magnetic field are shielded by J
B) x In MQS, when rotation ceases .Jj disappears

H
Here, we have solved:  V*H = (,ug/po)%—t
then
H,/H
J H=0=> w =0

In a superconductor
A) is true
B) both J| and J; persist in MQS regime
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1.3. Material law in type-II superconductors

* Electromagnetic energy of the Vortex Lattice

1 1
Wsc=— [ V- (b1 + —by — ,UOH)
to Jo 2

V = Zz @052(1' - ri)ni: Vorticity
b, flux density of the equilibrium Vortex Lattice

b; flux related to other sources

H field intensity: V. x H = J

* The equilibrium (9,Wsc = 0) is given by a triangular vor-

tex lattice with a uniform macroscopic field B parallel to H.
Then B = pgH and V x B = 0 well within the sample
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In non-ideal (practical) superconductors
B may vary in intensity (J.) and orientation (.J)) 2ftsMOD
badia-lopez

Then: WFull = WSC + WPinm'ng
Equilibrium: 0,Wsc + 0,Wpinning (forces 4+ constraints = 0)

e STATEMENT

e MODELLING

B(z) B(ztdz) B(z) B(ztdz)

e APPLICATION

L

Title

44

-
WM

Page 10 of 24

L

Back

Full Screen

Close

Ul Quit

did

2 J ||2 Home Page

JLOCFPL:FQCOSQ;JHochocF”:EBsinozéa—é—l—ﬁ—l


http://fmc.unizar.es/people/anabadia

Clarifying E(J): CWDC experiment
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Supercond. Sci. Technol. 24 (2011) 062002: Clem, Weigand, Durrell, Campbell

An elliptic Jj(J ) law has been reported
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Clarifying E(J): CWDC experiment

Supercond. Sci. Technol. 24 (2011) 062002: Clem, Weigand, Durrell

, Campbell

o 85K 1T,V =60pv

34 H - (20)
4 B —(24)
P 5] h —--- (9)and (10)DCSM
o 7/ (25) Badia_Lopez
/
~
/
4 H
/
/
7/
/

Eq.(25) corresponds to the Critical State Theory ...

that postulates a non-functional relation {E, J}

45 90 135

=JeA
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2. Numerical Modelling — E(J)

2.1. Thermodynamic model (SST 2012) 4htsMOD
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Academic 1D example: transport along type-II cylinder 4htsMOD
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with quasi-linear E(J)

J penetration profile
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Academic 1D example: transport along type-II cylinder
with quasi-linear E(J)
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Towards 3D modelling: expanding the yield region
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Expanded yield region: first example 4htsMOD
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Transport along crossed tapes
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Ezxpanded yield region: first example
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2.2. The power-law-like F(J ) formulation

In SST 2012 it was shown that 4htsMOD
badia-lopez
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2.3. The power-law-like E(J) formulation
Ep.(J) = Vi Fpr(J)
Y

M-1

e(i)=(+vit)  (+i)

with the definitions:
y=J2 /0y -1=1%~1
j = J/JCJ_
€ = E/(2MF0JCJ_)

* Applied to CWDC experiment:
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2.3. The power-law-like E(J) formulation
Ep.(J) = Vi Fpr(J)
Y

M-1

e(i)=(+vit)  (+i)

with the definitions:

ol —

jEJ/(]cJ_
€ = E/(2MF0JCJ_)

* Applied to CWDC experiment:

e, vsinacosa (I —1)tana

e, l+~ycosta  I24+tan’a
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3. Application
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3.1. Approximations to the helical problem

e STATEMENT

e MODELLING

e APPLICATION

L

Title

44 d4

Model B

Model A

-
WM

L

Page 20 of 24

Back

Full Screen

In all cases I,(t) = Ipsinwt along each layer

Close

[ e= |
Quit |
[Eeis |

and we obtain j(z,t) across the layers Home Page



http://fmc.unizar.es/people/anabadia

Model A: influence of the power-law exponent

M =100
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Model A: influence of the anisotropy ratio
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Model B: the current flow (2a = 28 = 45°)
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4. Conclusions 4itsMOD
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