
https://hal-univ-paris10.archives-ouvertes.fr/hal-01985112
https://hal.archives-ouvertes.fr


https://doi.org/10.1080/15376494.2017.1387319
https://crossmark.crossref.org/dialog/?doi=10.1080/15376494.2017.1387319&domain=pdf&date_stamp=2017-11-30
mailto:frederic.pablo@u-paris10.fr
http://www.tandfonline.com/umcm


















Figure ��. Undeformed case for �.� GHz frequency.

Figure ��. Deformed case for �.� GHz frequency.

Figure �	. Undeformed case for 
 GHz frequency.

Figure �
. Deformed case for 
 GHz frequency.

�. Conclusion

This work deals with the modeling of the electromagnetic patch
antennas subjected tomechanical stresses. It has beenmotivated
by the MSIE project from the competitiveness French Cluster
Astech, where the development of metamaterial strip antennas
for aeronautical application is evaluated. Such antennas which
are thin and conformable can be embedded on any aircrafts sur-
faces, subjected to mechanical loads. Consequently, the in�u-
ence of mechanical strains on electromagnetic signals has to be
evaluated.

In this way, a recent numerical tool is presented in this
paper, taking into account the weak coupling between electro-
magnetism and mechanical behavior to predict the microstrip
antenna scattering. The same hexahedral �nite element is devel-
oped with a classical nodal formulation for mechanical �elds,
while the electromagnetic ones are expressed by an edge formu-
lation with vector �nite elements.

From the weak formulation, an FEM/BIM approach is used
to avoid the discretization of overall space. It consists in intro-
ducing a �ctitious boundary that encloses the structure to be
studied. Classical FEM is used to approximate the �elds in the
closed domain, whereas the �elds in the opened region are eval-
uated by the BIM.

Then, the 3D �nite element developed in this work allows
to distort the antenna subjected to mechanical loads and to
simultaneously obtain the modi�ed electromagnetic �elds (the
antenna curvatures are time-dependent).

The numerical simulations presented in this paper show that
the distortion ofmicrostrip antenna can a�ect its scattering. This
is the case of the three �rst examples. Moreover, sometimes, this
impact can be negligible even if mechanical displacements are
nonzero. For example, in the last test, themaximal displacement
of the radius cylinder is close to 5.5%, but simulations show that
the antenna is always well running.

Consequently, the study of the coupling between electromag-
netism and mechanical behavior is necessary and insightful for
antenna scattering. This is also the case for radiative antenna
which is the subject of our next work.
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