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Examples of projects carried out in the GREEN laboratory
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E= 0J
S HH J=VxH
H _ol oB
T-I—Vx(pVxH)—O VXE:_E
_B=u(H)H
Newton's method
E(J)+AE IRON
&) 7
Formulation . x

H

* Recommended for superconductor problems

' B=VxA
VxH=J
G%+Vx( L VXAJ=O | J=0oE
ot #(B) oo _OA
- ot
Newton's method
J(E)+AJ IRON
Formulation

A

 Recommended for problems with ferromagnetic materials
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Formulation en A —=H :

(1
z V x —VxAj:Japp, dans Q. ,,
A AL L : Ia Hy
| o 1
! - IV x —VxAj:O, dans Q.,
: ! #(B)
| i 1
Qg ! Qa . Vx[—VxAj:O, dans Q,,
! : \ Hy
o | i
A I OoH
0 r {yoE+Vx(pVx H)=0, dans Q.
Example of a model to apply the A-H formulation.
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Interface conditions for electromagnetic fields between two different media:

n-(B,-B,)=0 =1 n-(VxA=uH,)=0
nx(E, —E,)=0 &= 1 nx(-0,A-pVxH,)=0
n-(D,—D,)=0 - n-(—o0,A-VxH,)=0
nX(HA_HH)ZO nx(]'VxA H j

u
Coupling :

nxH, —>n><££(V><A)]

7

nx(—%j—)nx(p(Vx Hy))
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Model 3D
Model 2D

Formulation H]

[ Formulation A

rd N A™

[Formulation A] [ Formulation A] Formulatlon H || Formulation H
(PDE) (mf) (PDE) (mfh)
I"" Ao PDE Interface&l.l M Magnetic Fields (mf) | IJ Ao PDE Interfan:e&l 12 Magretic Field Farrmulation (rmfh) |
v v \ 4 ) 4 v v
Formulation A || Formulation A] Formulation ] Formulation Formulation H || Formulation H]
(PDE) (mf) A(mf) — H A —H (PDE) (mfh)




- 3. Validation of the formulation A - H, 2D
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z [mm]
15
10
5  SHT Inducteur (iare Electrical and magnetic parameters of the materials used for the verification
0 mesresre R A s B AN Ae= = PR PRy g E of the formulation A — H.
- Symbol | Materials Electrical parameters Magnetic parameters
-10
. Fer n(B)-1
15 o= E. 193] 1
-20 -
J.(B)( J.(B)
-25
-30 oY 1-n(B) =1
35 Qupra | SHT 3.B)([E])®
0 10 20 30 40 50 60 70 80 90 r [mm] o= E, |\ E, 2
2D axisymmetric problem used to verify the A — H formulation.
n=21 E, =1 xV/cm, J, =100 A/mm?
5le @ 2.5
> Qing Cuivre | |[p=1Q-m |Yod? =0 S/m My =1
= 1.5
ﬁ'& _I.:’\
H ! = ] Qrer Fer p,=1Q-m
03 0.5
| | Q, Air p=10Q-m vod?2 =0 S/m M =
00 2I0 4I(] 60 80 ""_l(.)"(b) UU 0.5 1 1.5 2 2.5 3
Temps, ¢ [ms] H [kA/m] 1) for the formulation in H, 2) for the formulation in A

Form of the current in the inductor.

B(H) curve shape of iron-cobalt

material.




h

— . 9 HTS 2020 | et
3. Validation of the formulation A - H, 2D ‘¥ Madelling @gglgfgggg&




- 3. Validation of the formulation A-H, 2D
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Comparison of computation time and number of degrees of freedom for a 2D axisymmetric problem.

Formulation A - H 3min7s 5244
Formulation A(mf) - H 3min0s 5244
Formulation A 28s 4 150
Formulation A(m{) 21s 4 150
Formulation H 9 min 49 s 10 242
Formulation H(mfh) 12 min 14 s 10 242
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3. Validation of the formulation A-H, 3D
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3D model for magnetization of superconductors

—

. A 7
~ S /N
“ P \ ) N\\"\/\Q
~J” ' Voo =,

-~/

_ Inducteur /1‘\

|
- [ ~

X

The s-plane cuts both the superconductor and the iron.
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A(mf) — H

B, t=2ms B,, t =100 ms

By [T]
25
2.0
z
15
1

B, t=2ms B,, t =100 ms

xy

0.5
0

B [T]
1
08
06
0.4

12




\ 3. Validation of t

‘P HTS 8020 | Sggern

=H, 3D ‘& Modelling (T

A(mf) — H

J,t=2ms J,, t=100 ms

-

A(mf)

-100

: -~ ’3‘:‘ on 3 J; [A/mm?]
‘] - ‘ 200
A J ‘ y 100
Tz T TZ -
= e
X

- -200
'h
J, [A/mm?]
200

100
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3. Validation of the formulation A-H, 3D
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Comparison of the computation time and the number of degrees of freedom for a 3D problem.

Formulation

Calculation time

Number of degrees of
freedom (DDL)

Formulation A — H 7 h 20 min 42 sec 141 132
Formulation A(mf) — H 1j0h 8 min 44 sec 199 704
Formulation A 1j9 h27 min 29 sec 126 447
Formulation A(mf) Not solved 196 264
Formulation H 4 h 7 min 25 sec 196 264
Formulation H(mfh) 5h 22 min 28 sec 196 264
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1000 44 B, [mT] Impulsion 4 de Uco = 1000 \{mT]
1. The A — H formulation in 2D and 3D has been | “ 500

400 400

N
(=]

300

presented @@
>

200

Distance, y [mm]
o

100

2. Good convergence with superconductors

N
o

0

v,

-40
-40  -20 0 20 40
Distance, x [mm]

3. Potential use in modeling magnetization
problems or superconducting electric motors

4. The A — H formulation was combined with a
thermal model and used to simulate the
magnetization process of 3 HTS
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Thank you for your attention




