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ABSTRACT

Magnetostrictive materials are used low frequency sonar transmitter instead of piezoelectric materials. But it is difficult to
analyze due to the nonlinearity and hysteresis of magnetostrictive materials. This paper deals with the program development for the
finite element modeling of magnetostrictive tonpilz transducers and for analyzing their acoustic characteristics. To take into account
the nonlinearity of magnetostrictive materials, the magnetic field calculation is separated form the displacement calculation, and a
curve fitting is adopted for the nonlinear behavior of the magnetic and mechanical strain fields. At first, the magnetic field is obtained
by using a commercial FEM software and the displacement of the transducer is calculated by plugging the obtained magnetic field
into forcing term. To verity the accuracy of the developed program, a comparison is made with a commercial code, ATILA.
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Fig. 3 Magpnetic field-strain curve for Terfenol-D
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Fig. 4 Terfenol-D Tonpilz Transducer

Table. 1 Material properties of Tonpilz Transducer

Material Material Property
= Density : 2,780 [kg/m®]
Head Mass
=Y 4 : 71
(Aluminum) oung’ s Modulus : 71.4 [GPa]
* Poisson’s ratio : 0.344
» Density : 9,100 [kg/m’]
» Compliance Matrix [x10"3[m?*/N]] :
250 -~18 -16.7 0 0 0
-1.8 250 -16.7 0 0 0
-16.7 -16.7 400 0 0 0
Terfenol-D 0 0 0 180.0 0 0
0 0 0 0 1800 ©
0 0 0 0 0 536
* Permeability Matrix [x107[H/m]] :
569 O Q
0 569 0
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Fig. 13 Deformation of Transducer in 3347Hz
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Table. 2 Comparison USAP and ATILA

USAP (Hz) ATILA (Hz)
2D Model 3418 3419
3D Model 3348 3419
Table2 oA} #o] 7t Tz 73l USAP
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