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1. Introduction
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2. Formulation A – H
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Example of a model to apply the A-H formulation.

Formulation en A – H :

a indpp

0

0

f

            dans Ω

      

1
, ,

1
0, ,

( )

1
0

    dans  Ω

                dans Ω,  ,







  
  =  

 


 
  =  

 
  
  = 
  

A

A J

A

A

B

( ) s0 upra      dans Ω0,
t

 


+  =


H
H



6

( )
1



 
 →   

 
Hn H n A

( )( )
t


 

 − →   
 

H

A
n n H

Coupling :

( )

( )

( )

( )

0

0

0

0

 − =

 − =

 − =

 − =

A H

A H

A H

A H

n B B

n E E

n D D

n H H

( )

( )

( )

0

0

0

1
0

t

t









  − =

 − −  =

 −  − =

 
  − = 
 

H

H

H

H

n A H

n A H

n A H

n A H

H

A

μr = 1
εr = 1

 Hn H

t

 
 − 

 

A
n

Interface conditions for electromagnetic fields between two different media:

μr = 1
εr = 1

μr = 1

εr = 1

2. Formulation A – H



7

Model 3D

Formulation A Formulation H
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3. Validation of the formulation A – H

Model 2D
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3. Validation of the formulation A – H, 2D

8
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3. Validation of the formulation A – H, 2D
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3. Validation of the formulation A – H, 2D

Formulation Calculation time Number of degrees of freedom (DDL)

Formulation A – H 3 min 7 s 5 244 

Formulation A(mf) – H 3 min 0 s 5 244

Formulation A 28 s 4 150

Formulation A(mf) 21 s 4 150

Formulation H 9 min 49 s 10 242

Formulation H(mfh) 12 min 14 s 10 242

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

The s-plane cuts both the superconductor and the iron.
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3. Validation of the formulation A – H, 3D
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3. Validation of the formulation A – H, 3D

A – H A(mf) – H
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3. Validation of the formulation A – H, 3D

Formulation Calculation time
Number of degrees of 

freedom (DDL)

Formulation A – H 7 h 20 min 42 sec 141 132

Formulation A(mf) – H 1 j 0 h 8 min 44 sec 199 704

Formulation A 1 j 9 h 27 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) 5 h 22 min 28 sec 196 264

Comparison of the computation time and the number of degrees of freedom for a 3D problem.
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6. Summary

1. The A – H formulation in 2D and 3D has been 

presented

2. Good convergence with superconductors 

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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