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Abstract— This paper introduces an original approach for
modeling the external induction variation of a complex
ferromagnetic structure undergoing magneto-mechanical effects.
From the Jiles Law of Approach that describes the intrinsic
magnetization changes due to magnetostriction, an expression of
the law in terms of conveniently external measurable induction B
is derived for thin ferromagnetic devices. Based on
measurements of induction performed by external sensors on an
internally pressurized cylinder, an analytical model is found.
This model is then tested for any orientation of the magnetic field
with respect to stress, from parallel to orthogonal.

|I. GENERAL APPROACH

Our aim is to anticipate the magnetic induction B
measured outside a cylinder, undergoing internal pressure.
Several magnetostriction models can be found in literature.
The model developed by Jiles [1] seems particularly well
suited to our approach. This model clearly stems that under
stress, magnetization M tends towards its anhysteretic
value. However, direct measurement of M cannot be
achieved for a complex geometry, such as a hollow
cylinder. For this reason, in this study, we focus on an
easier measurable physical quantity, the external induction
B. A dual approach of this problem, based on the intrinsic
magnetization M study is presented in another paper [2].

Using results developed in [3], the Jiles Law of Approach
can be reformulated, for thin shells, in terms of external
induction B rather than in magnetization M. This is an
important result since the use of triaxial magnetic sensors
located in the vicinity of the shell allows a direct and
convenient access to this quantity.

Il. EXPERIMENTAL PROTOCOL

The experimental set up consists of a magnetic hollow
cylinder subjected to an increasing internal pressure up to
100 bars, under a constant applied induction Bg. Triaxial
magnetic sensors, close to the shell, perform external
induction B(c,Bg) measurements (Fig. 1).

First, a characterization of the anhysteretic inductions of
the pressurized cylinder is performed, for several pressure
levels, and under low applied inductions (less than 80 uT),
either vertical or longitudinal. This approach is original
since most papers generally deal with the case where stress
and magnetic fields are only parallel.

For a vertical applied induction Bg,, measurements
showed that the anhysteretic induction is independent from
stress. Consequently, an analytical solution to the Jiles
equation can be found, requiring the knowledge of one
physical parameter &, determined by a fitting procedure [4].

For a longitudinal applied induction By, anhysteretic
induction is stress dependant and an exact analytical
solution is no more available. Nevertheless, an analytical

approximation of the solution is proposed, requiring the
knowledge of 2 additional linear terms

Finally induction variation measurements were obtained
when the cylinder was submitted to an increasing pressure,
under a sum of both vertical and longitudinal fields
BovtBoL. Results showed that the measured induction was
the sum of individual external induction performed with the
decoupled fields Bg_ then Bgy. Consequently, the 2 previous
analytical models we found can be used in order to predict
induction change for any applied field Boy + By,

e,
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Fig. 1: Experimental set-up located in the LMMCEF - Grenaoble - France

I11. VALIDATION ON A PRESSURIZED CYLINDER IN LOW FIELD

Previous results were used to model the external
induction variation due to the cylinder under increasing
stress and various induction values and orientations:
B =40uT, By=40uT + B, =20uT, etc. Comparison between
models and measurements presents a relative error less than
5% (see Fig. 2 for the longitudinal case).
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Fig. 2: Comparison between modeled and measured longitudinal

components of induction B in a longitudinal induction B, =40 uT
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