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Abstract. Quality control of the production and rigorous in service testing are two main in-
gredients of modern damage tolerant / retirement for cause approach to engineering structures
integrity assessment. With an aging world infrastructure this is a hugely signi�cant social and
economic problem.

In the particular case of the energy sector, the oil and gas extraction, conduction, re�nement,
and distribution infrastructures are of enormous importance. Key tools for their inspection are
the electromagnetic techniques [1]: magnetic ux leakage (MFL), magnetic particle inspection
(MPI), eddy currents (EC), etc. These are relatively low frequency applications (below 1MHz).

Mathematical modeling serves many purposes in this context. On the one hand, it allows
to understand capabilities and limitations of the techniques, determine optimum operation
practices, assist in the analysis of the probability of detection for di�erent kinds of defects,
etc. On the other hand, it is a valuable tool in the design of inspection equipment. However,
due to the complexity of the underlying physics [2], the choice of suitable models is not always
clear.

Being low frequency applications, these techniques are usually modeled under the so called
eddy currents approximation of Maxwell's equations. The main di�culties come from the
constitutive relations, which are nonlinear and hysteretic [3,4] and di�cult to measure and
characterize, and also from the diversity of scales of interest (submillimeter details in thousands
of times bigger structures), and the relative motion between di�erent parts of the structure of
interest.

The value of making e�orts on the material characterization and the importance of making
the right choice of the mathematical model in order to obtain meaningful results will be
discussed for particular examples: MFL, EC, etc. Mention will be made also to the role of
benchmark problems [5], in order to assess not only the quality of the numerical solutions,
but also the adequacy of di�erent mathematical models to the case under study. Finally, some
numerical solutions will be presented (most of them obtained using a commercial multiphysics
package, COMSOL), and the di�culties encountered will be discussed.

Keywords: Electromagnetism, Numerical Methods, Maxwell Equations, Nondestructive test-
ing.

Mathematics Subject Classi�cations (2010): 78A30, 78A55, 78M10, 35Q61

References

[1] D. E. Bray, R. K. Stanley. Non destructive evaluation. A tool in design, manufacturing and service. CRC
Press, 1996.

[2] R. M. Bozorth. Ferromagnetism. IEEE Press, 1993.
[3] I.D. Mayergoyz. Mathematical models of hysteresis. Springer-Verlag, 1991
[4] A. Iv�anyi. Hysteresis models in electromagnetic computations. Akad�emia Kiad�o, 1997.
[5] http://www.wfndec.org/benchmarkproblemscurrent.htm

Tenaris Siderca - REDE-AR

E-mail address: jetcheverry@tenaris.com

1


