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Terfenol-D as a magnetostrictive material is widely used in actuators because of its high force and
displacement. One of the main limitations of Terfenol-D is dependency of its structural coefficients like
elastic compliance and magnetostrictive coefficients to applied mechanical stress and magnetic field which
makes it difficult to predict the actuator’s behavior. In the present paper, an analytical-experimental model is
presented to predict the mentioned coefficients at different operating conditions. Initially, by using an
experimental fabricated setup and tension test equipment, the nonlinear stress-strain behavior of the Terfenol-
D actuator is studied at different conditions and by analyzing the obtained results and applying the linear
magnetomechanical model, elastic compliance, magnetostrictive, magnetic permeability and
magnetomaechanial coupling coefficients are calculated. Then, a model based on linear approximating
relations is presented which can predict the coefficients at determined magnetic field intensity only by
importing three values of stress. Calculating values of stress and strain by using the model and comparing the
results to the experimental results shows acceptable precision of the model. Finally, the proposed model is
applied to predict magnetomechanical behavior of Terfenol-D and being validated. Comparing the results to
experimental ones shows capability of the model at predicting magnetomechanical behavior of Terfenol-D at
different operational conditions, as the maximum errors of calculated strains and magnetic fluxes are 3% and
3.4%, respectively.
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Fig. 1 Schematic view of Terfenol-D actuator (a) and experimental
setup containing of tension test device and Terfenol-D actuator (b)
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Fig. 2 Stress-strain behavior of Terfenol-D actuator
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Fig. 3 Free Strain (a) and blocked stress (b) of Terfenol-D actuator
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Fig. 4 Elastic compliance (a) and magnetostriction (b) coefficients for
different values of magnetic field intensity

(@) bl (Glo) 55 o s () (Sl gLl oo 0 ¥ S
@lisee pmadline las Wiz il 4

Tab. 1 The linear fitted relations to determine values of stress at initial,
middle and final points
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s 0 0.000516H +9.607 0.00140H+2193
R-squared 1 0.9023 0.9545

Tab. 2 The linear fitted relations to determine elastic compliance
coefficient at at initial, middle and final values of stress
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Fig. 6 Linear approximations for Elastic compliance (a) and
magnetostriction (b) coefficients
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Fig. 7 Stress-strain behavior of Terfenol-D actuator (continuous lines

are experimental results and dashed lines are theoretical results

obtained using linear approximations for Terfenol-D coefficients)
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Tab. 3 The linear fitted relations to determine magnetostrictive
coefficient at at initial, middle and final values of stress
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Fig. S Elastic compliance (a) and magnetostriction (b) coefficients in
initial, middle and final values of stress
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Tab. 4 Mean error between experimental and theoretical results at
different values of mechanical pre-stress
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Fig. 8 Relative magnetic permeability at free and blocked states (a) and
coupling factor at different values of magnetic flux intensity (b)
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Fig. 10 Stress-strain behavior of Terfenol-D actuator (continuous lines
are experimental results and dashed lines are theoretical results
obtained by using linear approximations for Terfenol-D coefficients)
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Fig. 9 Strain (a) and magnetic flux density (b) of Terfenol-D at
different values of Mechanical pre-stress
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