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Lab Measurement Setup

Determine the actual degradation of electrical steel sheets due to cutting, punching, etc.
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Magnetostatics:
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Formulation for parameter identification

Solve

with
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Formulation for parameter identification

Steps of the inverse method based on an optimizer using gradient information:

➢ Perform measurements with an appropriate setup

➢ Solve the forward equation (magnetostatic PDE)1,2

➢ Solve the adjoint equation

➢ Compute the gradients of the objective function w.r.t. the material model parameters

➢ Apply an efficient gradient based optimizer
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1L. D. Domenig, K. Roppert and M. Kaltenbacher. ‘Incorporation of a 3-D Energy-Based Vector Hysteresis Model Into 

the Finite Element Method Using a Reduced Scalar Potential Formulation. IEEE Trans. Magn. (2024).

2H. Egger, F. Engertsberger, L. Domenig, K. Roppert and M. Kaltenbacher. ‘On nonlinear magnetic field solvers using 

local Quasi-Newton updates’. Comput. Math. Appl. (2025).
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Formulation for parameter identification

Since     is self adjoint, the left hand side of the adjoint equation in its weak formulations 

reads as

with

Please note that the left hand side of the adjoint PDE in the weak form is the same as for the 

forward PDE in the weak sense
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This means for the computation that one just uses the system matrix of the 

forward problem
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Formulation for parameter identification

For the right hand side, we explore the Gâteaux - derivative and obtain for each position p

and excitation level e

Please note:  The adjoint equation is always linear! 
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Formulation for parameter identification

The functional is

➢ Gradient of reduced objective function

➢ For a nonlinear material law (3 parameters per subdomain)

we arrive at
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Forward solution of vector potential Adjoint solution
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Formulation for parameter identification

The functional is

➢ For hysteretic case (energy based hysteresis model)

we arrive at
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Numerical Results

Length         for each subdomain 

Parameters            and     for initial          reference        and exact reluctivities
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Numerical Results

BH-curves for

➢ Solid line: excate BH curves

➢ Dashed line: initial BH-curves

The excitation levels are marked with black solid vertical lines
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Numerical Results

Zoomed FE model of the sensor-actuator system for computing the measurement data and 

used for the inverse scheme.

Convergence behavior of the relative L2 error norm

Manfred Kaltenbacher

Mesh for computing mesasured data Mesh used for inverse scheme
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Numerical Results

Relative error of the searched for parameters

Optimized parameter         and relative error
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Numerical Results
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BH-curves for            exact (solid line) and        (dashed line) for the different subdomains.
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XML-Syntax
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Adjoint PDE
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XML-Syntax
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Adjoint PDE
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XML-Syntax
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Adjoint PDE

Coupling between PDE and adjoint PDE
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Implementation

Manfred Kaltenbacher

Domain.cc: 
➢ Domain::CreateSinglePDEs

MagEdgeAdjPDE.cc
➢ MagEdgeAdjPDE::MagEdgeAdjPDE
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Implementation
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MagEdgeAdjPDE.cc
➢ MagEdgeAdjPDE::DefineStandardIntegrators()
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Implementation
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MagneticScalarPotentialAdjPDE.cc  (for hysteresis operator)

➢ MagneticScalarPotentialAdjPDE::DefineIntegrators()
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Conclusion
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Thank you

for your attention!


