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Abstract This paper addresses the development of a one-dimension model for quantifying magnetic-elastic-thermal coupling and hysteresis inherent to giant magnetostrictive materials. Firstly, the anhysteretic law is modeled by considering the Gibbs free energy function G(s, M, T), and thermodynamic relations are used to obtain the constitutive expressions. These expressions character the effects of coupling between stress, magnetization, and temperature in the giant magnetostrictive material but hysteresis, i.e. strain and magnetic intensity described by above the constitutive expressions are single-valued function of the magnetization. And then pinning is incorporated to describe hysteresis based on Jiles–Atherton model. The model considered in the paper is demonstrated valid by comparing the predicted results with experimental data. Moreover, the model proposed in the paper is convenient to be used in engineering applications since the parameters referred to the model have deﬁnite physical mean and can all be easily determined by experiments. r 2006 Elsevier B.V. All rights reserved. Keywords: Magnetic-elastic-thermal coupling; Hysteresis; Nonlinear; Terfenol-D



1. Introduction A huge strain (1000 ppm) known as magnetostrictive strain arises when the giant magneostrictive material is applied in an external magnetic ﬁeld and magnetostrictive strain-applied ﬁeld curve is nonlinear [1]. It is well documented that property of the material is highly sensitive to operating conditions such as magnetic excitation, prestress and temperature. Many works show that the saturation magnetostrictive strain increases when the material is subjected compression pre-stress [2–5], which is called the ‘‘overturn phenomenon’’ in the paper, compared with the general law that the magnetostrictive strain decreases with increasing of the compressive prestress under low and moderate magnetic ﬁelds. Also, the magnetization and magnetostrictive strain are shown to decrease with rising temperature [6,7]. Excepting above properties of magnetic-elastic-thermal coupling, hysteresis is exhibited both in magnetization-applied ﬁeld curve and Corresponding author. Tel.: +86 931 891 1727; fax: +86 931 862 5576.
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magnetostrictive strain-applied ﬁeld curve in giant magnetostrictive material. It is due to the inherent changing of magnetic domain structure and domain motion of the materials [3,7–10]. A general model incorporating magnetic-elastic-thermal coupling and hysteresis is necessary for understanding complicated properties of giant magnetostrictive materials and designing subsequent device. In previous models for the giant magnetostrictive materials, the Zheng–Liu model [4] is found to be able to accurately predict magneto-elastic coupling characteristics and it has wider applicability and higher precision than the same kind of models derived, respectively, by Carman and Mitrovic [11], Duenas et al. [12] and Wan et al. [13], which had been discussed in detail in Ref. [4]. However, the Zheng–Liu model cannot describe temperature effect and hysteresis inherent to materials. The Preisach [14] and Jiles–Atherton models are two widely used approaches to the description of magnetic hysteresis. And the latter is a physically based model, which is due to domain microstructure [15,16]. The parameters referred to the model can all be determined based on a set of magnetic properties. It
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is of the most practical use since these are the properties of magnetic materials that are most likely to be available [17]. The extended Jiles–Atherton model describes the effect of stress on magnetic hysteresis loop and has also been applied to hysteresis in magnetostriction [9,18,19], however the effect of temperature on materials properties is still not considered in these models. Dapino and Smith et al. had also done many works to develop models that can describe the response of magnetostrictive transducers to applied magnetic ﬁelds considering the growing interest in giant magnetostrictive materials in smart structure systems. Here, the magnetic behavior is characterized by considering the Jiles–Atherton mean ﬁeld theory for ferromagnetic hysteresis in combination with a quadratic moment rotation model for magnetostriction; elastic property is modeled by force balancing, which yields a wave equation with magnetostrictive inputs [20,21]. The effect of stress on the magnetization of the magnetostrictive core, or the magneto-mechanical effect, is implemented by considering a ‘law of approach’ to the anhysteretic magnetization caused by stress [22]. Fast Fourier transform (FFT) analysis is then used to quantify the frequency-domain acceleration response from which the transducer’s resonance frequency is calculated [23]. Later they give a free energy model for magnetostrictive transducers operating in hysteretic and nonlinear regimes. The model based on Helmholtz and Gibbs free energy relations is constructed for not only homogeneous materials with constant internal ﬁelds but also nonhomogeneities materials with nonconstant effective ﬁelds. The latter is incorporated through the construction of appropriate stochastic distributions. These models suggested by Dapino and Smith et al. also neglect self-heating in the transducer. Although a number of present transducer designs employ water-cooling to maintain approximately isothermal conditions, for the regime, however these models can only accurately quantify the low frequency dynamics of the transducer [24]. In the paper a 1-D coupled hysteresis model is gained, which provides an approach for describing the effect of magnetic-elastic-thermal coupling and hysteresis on magnetization and magnetostriction. Here, the ﬁrst concern is ideal magnetization, i.e. anhysteretic magnetization, which is a ‘‘backbone’’ of magnetic hysteresis loop. Of course the anhysteretic law of magnetostrictive strain is also important for magnetostriction loop. Thus thermodynamic relations are ﬁrstly used to deduce the anhysteretic expressions in magnetization and magnetostrictive strain. Here, nonlinear and magnetic-elastic-thermal coupling are exhibited in the expressions since stress, magnetization and temperature are incorporated in the Gibbs free energy of the materials as independent variable. And then hysteresis is considered to occur as a result of impedances to changes of magnetization, such as domain wall are pinned. Here, pinning site is source of irreversible change. The domain wall bowing is considered to describe reversible magnetization based on Jiles–Atherton model. Thus the ﬁnal coupled hysteresis model is got by three basic inputs: thermo-



dynamic relations, pinning site and domain wall bowing. Compared with existing experiments, it is conﬁrmed that the model can describe precisely magnetic-elastic-thermal coupling and hysteresis inherent to giant magnetostrictive materials. The mechanism of coupled effect is rough discussed in Section 3.2. 2. The establishment of coupled hysteresis model In this section, we brieﬂy display the derivation process how to get the magnetic-elastic-thermal coupling and hysteresis model for the giant magnetostrictive materials. Here a Terfenol-D rod is taken as an example since it is a kind of typical magnetostrictive materials and has been widely used in active vibration absorbers and actuators. In the case, the model for the Terfenol-D rod can be simpliﬁed as 1-D one considering it is usually subjected to an axial stress and axial applied magnetic ﬁeld. 2.1. Magnetostriction and ideal magnetization The analytical formulae of magnetostriction and ideal magnetization for the Terfenol-D rod are based on the thermodynamic theory. After the strain energy is considered in the Gibbs free energy density function, we have Gðs; M; TÞ ¼ U  TS  s,



(1)



where M is magnetization, U is the internal energy density function, T is the temperature, S is the entropy density, s and e are, respectively, the stress and strain. The function G(s, M, T) is expressed in Taylor series about the reference point ðs; M; TÞ ¼ ð0; 0; T r Þ, where Tr is the spin reorientation temperature and T r ¼ 0 1C for Terfenol-D [25]. With the aid of the following thermodynamic relations qG qG ; m0 H ¼ , (2) qs qM where m0 ¼ 4p  107 H=m is the vacuum permeability, we can get



¼



q2 G 1 q3 G 2 1 q4 G 3 s  s  s qs2 2 qs3 3! qs4  3  1 qG q4 G    þ s þ    M2 2 qsqM 2 qs2 qM 2 q2 G 1 q4 G DT   DTM 2 , qTqs 2 qTqsqM 2



¼ 



m0 H ¼



q2 G 1 q4 G 3 q3 G Mþ M þ  þ DTM 2 4 3! qM qM qTqM 2  3 1 q4 G q G 2 þ DT M þ s 2 2 2 qT qM qsqM 2  1 qG 2 þ s þ    M 2 qs2 qM 2 q4 G þ  þ DTsM. qTqsqM 2



ð3aÞ



ð3bÞ
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Here, the symmetric properties on the magnetization variable are taken into account in the above expansions [26], and DT ¼ T  T r . It should be noted that the partial derivatives before the independent variables are all calculated at the reference point. In this case, the partial derivatives are coefﬁcients of the model and it is usually difﬁcult to determine them one by one. In the paper, an effective method is proposed to determine them. Firstly, the terms in Eqs. (3a) and (3b) are classiﬁed into several groups, and then proper function are selected to replace these groups by analyzing the main features of some well-known experimental phenomena. Thus determining coefﬁcients one by one is simpliﬁed to determine expressions of the functions. The detailed process how to get ﬁnally the analytical formulae about Eqs. (3a) and (3b) is displayed as the followings. Here, we ﬁrstly rewrite Eqs. (3a) and (3b) in the form



m0 H ¼



  m0 f 1 M=M Ts ðDTÞ kðDTÞ Z 2M s 2bsMDT lmax ðsÞ ds þ :  2 Ms 0 M 2s



ð4aÞ



ð4bÞ



lmax ðsÞ







M 2s



 3  1 qG q4 G ¼ þ s þ  , 2 qsqM 2 qs2 qM 2



(5)



(6)



q G , qTqs



 1 q4 G b M 2s ¼ , 2 qTqs qM 2   m0 M q2 G 1 q4 G 3 f 1 Mþ M þ  ¼ T 2 3! qM 4 kðDTÞ M s ðDTÞ qM



(12) 1



ðM; DTÞ, (13)



Here, ls and ss are, respectively, reference strain and stress those are determined by the strain–stress curves [4,27]. According to theory of ferromagnetic materials [28], we know that the saturation magnetization M Ts depends on the temperature in the form  1=2 ,  DT þ T þ 273 T r þ 273 1=2 r T Ms ¼ Ms 1  , 1 T c þ 273 T c þ 273 (14)



2



a¼



(11)



f ðxÞ ¼ cothðxÞ  1=x. Considering the relation of H ¼ ð1=kðDTÞÞf we have   M ¼ M Ts cothðkHÞ  1=ðkHÞ .



Here, s q2 G 1 q3 G 2 1 q4 G 3 þ l0 ðsÞ ¼  2 s  s  s  , Es qs 2 qs3 3! qs4



tion. The experimental results [6] display that the curves of magnetostrictive strain versus increment temperature at the saturation magnetization are almost linear lines. Thus, the coefﬁcient b is a constant independent on temperature. From Eqs. (4a) and (4b), we ﬁnd that the theoretical model of constitutive relations is mainly dependent on the selection of nonlinear functions l0(s), lmax(s), and f(x). For the case of magneto-elastic interaction of giant magnetostrictive materials without effect of temperature change, Zheng and Liu [4] gave an approach to select the nonlinear functions based on some physical meanings. Here, we take the same expressions of them as the followings: ( for sX0; tanhðs=ss Þ; l0 ðs=ss Þ=ls ¼ (10) tanhð2s=ss Þ=2; for so0; lmax ðsÞ ¼ ls  l0 ðsÞ,



 ¼ s=E s þ l0 ðsÞ þ lmax ðsÞðM=M s Þ2 þ aDT  bðM=M s Þ2 DT,



265



(7)



(8)



q3 G 1 q4 G DTM þ DT 2 M þ    , ð9Þ 2 qT 2 qM 2 qTqM 2 in which Es is the intrinsic Young’s modulus at the saturation segment, a is the constant of thermal expansion, Ms represents a saturation magnetization when T ¼ T r , M Ts ðDTÞ stands for the part of saturation magnetization relevant to the increment temperature [7], and kð¼ 3wm =M Ts Þ indicates the relaxation factor which is dependent on the increment temperature, where wm is the magnetic susceptibility at the initial linear segments of magnetic curves. From Eq. (4a), one ﬁnds that the coefﬁcient b can be expressed by b ¼ ql=qDTjM¼M s , i.e., it is equal to the slope of magnetostrictive strain l (the strain that is dependent on magnetization in Eq. (4a)) versus increment temperature at the saturation magnetiza-



where Tc stands for the Curie temperature. Here, the unit of T and Tc in Eq. (14) has been transformed into the Celsius scale. Substituting above Eqs. (10)–(12) and (14) into Eqs. (4a) and (4b), we get the analytical formulae of the constitutive model as followings: ¼



þ



s bDTM 2 þ aDT  Es M 2s 8  ½1  tanhðs=s Þl s s > > M 2; ls tanh sss þ > > < M 2s þ  ½2  tanhð2s=s Þl > s s > ls 2s > tanh M 2; > ss þ :2 2M 2s 



s=ss o0; ð15aÞ



0  1   DT þ T r þ 273 1=2 T r þ 273 1=2 Ms 1 M B C T c þ 273 T c þ 273 B C f 1 B C  1=2  1=2 @ A T r þ 273 DT þ T r þ 273 1 3wm Ms 1 T c þ 273 T c þ 273 8 2s  2ss ln½coshðs=ss Þ > > ls M; s=ss X0; > > < m0 M 2s 2bDTsM ð15bÞ  þ > 4s  ss ln½coshð2s=ss Þ m0 M 2s > > ls M; s=ss o0: > 2 : 2m0 M s



1 H¼



s=ss X0;
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Now there are only eight material parameters, i.e., Ms, Tc, ls, ss, b, a, Es and wm referred to Eq. (15) and all of them have deﬁnite physical mean and can all be easily determined by experiments. Also we note that when DT ¼ 0, the above formulae of Eqs. (15a) and (15b) can be degenerated to ones of the Zheng–Liu model [4] for the case of magneto-elastic coupling without consideration of temperature effect. Here, the magnetostrictive strain l depending on magnetization in Eq. (15a) is 8 s Þls > ½1tanhðs=s M 2; s=ss X0; M 2s bDTM 2 < l¼ (16) þ ½2tanhð2s=ss Þls > M 2s M 2 ; s=ss o0: : 2M 2s



applied magnetic ﬁeld is however impeded by the presence of the defects in the solid such as regions of inhomogeneous internal stress or nonmagnetic inclusions and voids. In the present work all of nature of these imperfections will be referred to collectively as pinning sites. These pinning sites therefore character the magnitude of hysteresis property and they have the effect of causing an increase in coercive force of a ferromagnetic material. The effect of the dissipation in energy caused by these pinning sites can be characterized by energy density [17] Z M E pin ðMÞ ¼ m0 K dM, (19)



Rewriting Eq. (15b) we can get the ideal magnetization Man,   DT þ T r þ 273 1=2 1 T c þ 273 M an  M ¼ M s   T r þ 273 1=2 1 T c þ 273 0 0 1   T r þ 273 1=2 B B 3wm 1  T þ 273 C B B C c  BcothB  H eC  1=2 @ @ A DT þ T r þ 273 Ms 1  T c þ 273   1 DT þ T r þ 273 1=2 Ms 1  C T c þ 273 C  ð17Þ C.  1=2 A T r þ 273 3wm 1  He T c þ 273



where K is known as the pinning constant and it is a microstructural parameter proportional to the pinning site density and pinning site energy. Thus, the total magnetic energy density can be got [15,17]  Z M Z M Z M dM m0 MdH e ¼ m0 M an dH e  m0 K dH e . dH e 0 0 0 (20)



Here, He is effective magnetic ﬁeld and it can be written as 2bDTsM He ¼ H  m M2 8 0 s 2s  2ss ln½coshðs=ss Þ > > ls M; > > < m0 M 2s þ > 4s  ss ln½coshð2s=ss Þ > > ls M; > : 2m0 M 2s



0



Differentiating with respect to He then yields   dM M ¼ M an  dK . dH e



The parameter d takes the value +1 when magnetic ﬁeld increases and 1 when magnetic ﬁeld decreases since pinning always impedes the effect of whatever is the change in the external ﬁeld. Substituting effective magnetic ﬁeld He, i.e. Eq. (18) into Eq. (21), we can get dM dH



s=ss X0; ð18Þ s=ss o0:



It can be seen from Eqs. (16) to (18) that the expressions of magnetostrictive strain, ideal magnetization and effective magnetic ﬁeld are nonlinear and magnetic-elasticthermal coupled. However, the magnetostriction and magnetization deduced here is anhysteretic. That is consistent because we are considering here only reversible changes along thermodynamic path. 2.2. Irreversible, reversible and total magnetization



¼



8 M M > > 



 an ; > > s > > > 2 s  ss ln cosh ls  2bDTsM > > ss > > ðM an  M Þ > > dK  < m M2 0



s X0; ss



s



M M > > 



 an > ; > > ss 2s > > 2 s  ln cosh ls  2bDTsM > > > ss 4 > > ðM an  M Þ > : dK  m0 M 2s



s o0: ss



ð22Þ Magnetic hysteresis loop is got by solving Eq. (22) and this was accomplished via Euler’s method. The M written in Eq. (22) is the irreversible expression for the magnetization, and it is to be henceforth denoted as Mirr. The reversible magnetization is deﬁned as [15,17] M rev ¼ cðM an  M irr Þ,



The anhysteretic magnetization incorporates the effects of moment rotation within domains but does not account for domain wall bowing and translation. Here, the consideration of domain wall energy yields additional reversible and irreversible components to the magnetization. The motion of domain walls under the inﬂuence of an



(21)



(23)



where c is the ratio of the initial normal magnetic susceptibility to the initial anhysteretic susceptibility. Mrev is the bowing contribution derived from a microstructural argument which takes into account changes in magnetization as domain walls bow out from an unbowed shape. The
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part of magnetization is described by the symbol Mrev because bowing occurs without energy dissipation [18]. Finally, a modiﬁed expression for total magnetization is determined as M ¼ M rev þ M irr .



(24)
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Substituting the modiﬁed magnetization into Eq. (15a) and incorporating Eq. (24) we can get the nonlinear constitutive model for characterizing magnetic-elasticthermal coupling and hysteresis inherent to giant magnetostrictive materials. Of course the hysteresis in
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Fig. 1. (a) The magnetic hysteresis loops (broken lines: theoretical by proposed model; solid lines: experimental (Ref. [19])). (b) The magnetostrictive hysteresis loops (broken lines: theoretical by proposed model; solid lines: experimental (Ref. [19])).
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magnetostriction can also be got by substituting the modiﬁed magnetization into Eq. (16).



the theoretical predictions and experimental measurement [19] are, respectively, shown in Figs. 1a and b. The corresponding pre-stress and temperature are respectively 6.9 Mpa and 20 1C. The validity of model is veriﬁed since the results are excellent agreement with experiment data [19]. Figs. 2a and b are, respectively, the theoretical predictions of magnetic hysteresis loops and magnetostriction hysteresis curves under different pre-stress. As shown in the



3. Results analysis and discussion 3.1. Theoretical results The comparison of magnetic hysteresis loops and magnetostriction hysteresis curves for Terfenol-D between 5
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Fig. 2. (a) The magnetic hysteresis loops under different pre-stress. (b) The magnetostrictive hysteresis loops under different pre-stress.
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ﬁgures that the slopes of loops decrease when tension prestress switches to compression pre-stress, furthermore both the M versus H loop and l versus H loop are shown to be wider under compression than under tension. The saturation magnetizations all approach the same value, which indicates that saturation magnetization is independent on the pre-stress; however, the corresponding saturation
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magnetostrictions attain different value under different pre-stress. The saturation magnetostriction under compression pre-stress is larger than the value under tension pre-stress, moreover it will increase with compression pre-stress. All of above laws described by the model are consistent with experimental results in qualitatively [7,10].
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Fig. 3. (a) The magnetic hysteresis loops under different temperature. (b) The magnetostrictive hysteresis loops under different temperature.
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Figs. 3a and b are, respectively, the theoretical predictions of magnetic hysteresis loops and magnetostriction hysteresis curves under different temperature. As shown in the ﬁgures there is no effect about temperature on the slopes of the M versus H loop and l versus H loop under low and moderate magnetic ﬁelds, however the magnetization and magnetostrictive strain all decrease with temperature under high ﬁeld just like the results shown in experiment [7].



3.2. Analysis and discussion All of above macroscopical phenomena are due to the change of material’s magnetic-elastic-thermal property under the inﬂuence of operating conditions. Here, a rough discussion is given about above simulation results. For Terfenol-D, it is a physical fact that the stress anisotropy makes the direction perpendicular to rod axis is magnetically easy under compression pre-stress, however rod axis is magnetically easy under tension pre-stress. As applied ﬁeld is ﬁrst increased along the rod axis, compression pre-stress makes the magnetic moments rotating toward rod axis difﬁcultly. The corresponding slopes of magnetic hysteresis loops and magnetostriction hysteresis loops decrease with increasing compression pre-stress. With increasing applied ﬁeld, the stress anisotropy is overcome and the magnetic moments rotate toward the direction of applied ﬁeld. Magnetization achieves the same saturation value under different pre-stress, however an additional magnetostriction yields from 901 domain rotation, which is due to the stress anisotropy, and saturation magentostriction under compression pre-stress is larger than the value under tension pre-stress. Another magnetoelastic property is the effect of pre-stress on area of hysteresis loop. The coercive force is an important parameter for describing the hysteresis, which can be inﬂuenced by the stress anisotropy [29]. In Ref. [30], there is an experiment for the nickel samples, which is a typical negative magnetostricitve material. Experimental results show that the coercive force increases nearly linear with increasing tension pre-stress, which is useful to understand the phenomenon shown in Figs. 2a and b that both the M versus H loop and l versus H loop are shown to be wider under compression than under tension. Finally the thermal disturbance energy, widely acting on any microscopic particle, increases with increasing temperature. For ferromagnetic materials, the decreasing value of saturation magnetization is due to the magnetic-order disturbed with increasing of the thermal disturbance energy. And at the time, the saturation magnetostriction decreases also under the effect of magnetic-elastic-thermal coupling inherent to giant magnetostrictive materials. Thus the decreasing values of magnetization and magnetostriction with increasing temperature shown in Fig. 3 can be due to the decrease in the saturation magnetization and saturation magnetostriction.



4. Conclusion In the paper a 1-D constitutive model for giant magnetostrictive materials is got, which is the veriﬁed validity in describing both magnetic-elastic-thermal coupling and hysteresis by comparing with experiments. The effect of pre-stress and temperature on hysteresis in magnetostriction and magnetization are also rough studied due to some physical facts. In addition, all of parameters referred to the model have been determined with deﬁnite physical mean by an effective method proposed in the paper. Thus, the proposed model is convenient to be used in engineering applications. Acknowledgments This research is supported by the NSFC fund (no. 90405005) and the PhD Fund of the Ministry of Education of China (no. 20050730016). The authors gratefully acknowledge the supports. References [1] A.B. Flatau, M.J. Dapino, F.T. Calkins, SPIE (1998) 3329-19/332742. [2] J.L. Butler, Application Manual for Design of Etrema Terfenol-D Magnetostrictive Transducers, Edge Technologies, Inc., Ames, 1988. [3] M.B. Moffet, A.E. Clark, M.W. Fogle, J. Linberg, J.P. Teter, E.A. McLaughlin, J. Acoust. Soc. Am. 89 (3) (1991) 1448. [4] X.J. Zheng, X.E. Liu, J. Appl. Phys. 97 (2005) 053901. [5] L. Sun, X.J. Zheng, Int. J. Solids Struct. 43 (2006) 1613. [6] A.E. Clark, D.N. Crowder, IEEE Trans. Magn. 21 (5) (1985) 1945. [7] A.E. Clark, J.P. Teter, O.D. McMasters, J. Appl. Phys. 63 (8) (1988) 3910. [8] J.D. Verhoeven, J.E. Ostenson, E.D. Gibson, O.D. McMasters, J. Appl. Phys. 66 (2) (1989) 772. [9] M.J. Sablik, D.C. Jiles, J. Appl. Phys. 64 (10) (1988) 5402. [10] D.C. Jiles, S. Hariharan, J. Appl. Phys. 67 (9) (1990) 5013. [11] G.P. Carman, M. Mitrovic, J. Intell. Mater. Syst. Struct. 6 (1995) 673. [12] T. Duenas, L. Hsu, G.P. Carman, Advances in Materials for Smart Systems-Fundamental and Applications, Boston, 1996. [13] Y.P. Wan, D.N. Fang, K.C. Hwang, Int. J. Non-Linear Mech. 38 (2003) 1053. [14] I.D. Mayergoyz, Mathematical Models of Hysteresis, Springer, NewYork, 1991. [15] D.C. Jiles, D.L. Atherton, IEEE Trans. Magn. 19 (5) (1983) 2183. [16] D.C. Jiles, D.L. Atherton, J. Appl. Phys. 55 (6) (1984) 2115. [17] D.C. Jiles, J.B. Thoelke, M.K. Devine, IEEE Trans. Magn. 28 (1) (1992) 27. [18] M.J. Sablik, H. Kwun, G.L. Burkhardt, D.C. Jiles, J. Appl. Phys. 61 (8) (1987) 3799. [19] F.T. Calkins, R.C. Smith, A.B. Flatau, IEEE Trans. Magn. 36 (2) (2000) 429. [20] M.J. Dapino, R.C. Smith, A.B. Flatau, IEEE Trans. Magn. 36 (3) (2000) 545. [21] M.J. Dapino, R.C. Smith, A.B. Flatau, SPIE Symp. Smart Struct. Mater. 3329 (1998) 198. [22] M.J. Dapino, R.C. Smith, L.E. Faidley, A.B. Flatau, J. Intell. Mater. Syst. Struct. 11 (2000) 135. [23] M.J. Dapino, R.C. Smith, A.B. Flatau, Proc. SPIE Smart Struct. Mater. 3985 (2000) 174. [24] R.C. Smith, M.J. Dapino, S. Seelecke, J. Appl. Phys. 93 (2003) 458.



ARTICLE IN PRESS X. Zheng, L. Sun / Journal of Magnetism and Magnetic Materials 309 (2007) 263–271 [25] K. Mori, J. Cullen, A. Clark, IEEE Trans. Magn. 19 (5) (1983) 1967. [26] A.E. Clark, Magnetostrictive rare earth-Fe2 compounds, in: E.P. Wohlforth (Ed.), Ferromagnetic Materials, vol. 1, North-Holland Publishing Co., Amsterdam, 1980, p. 531. [27] R. Kellogg, A. Flatau, SPIE’s 6th Annual International Symposium on Smart Structures and Materials vol. 3668 (19), 1999, p. 184.



271



[28] D. Feng, Metal Physics 4, Superconductivity and Magnetic, Science Press, Beijing, 1998 441 (in Chinese). [29] W.D. Zhong, Ferromagnetics, Science Press, Beijing, 1998 181 (in Chinese). [30] C.C.H. Lo, E. Kinser, D.C. Jiles, J. Appl. Phys. 93 (10) (2003) 6626.



























des documents recommandant







[image: alt]





A Hysteresis Model for Piezoceramic Materials 

that models can be roughly categorized as microscopic, macroscopic and ... a scaling electric field and the saturation polarization, is typically estimated through .... The research of R.C.S. was supported in part by the Air Force Office of Scientifi










 


[image: alt]





AN ENERGY-BASED HYSTERESIS MODEL FOR ... - CiteSeerX 

The combined model can then be used to accurately characterize .... From a design perspective, the transducer can be considered as the entire system which.










 


[image: alt]





Numerical optimization of a hysteresis model 

Elektra program. References. [1] A. Bergqvist, G. Engdahl, A thermodynamic representation of pseudoparticles with hysteresis, IEEE Trans. Magn. 31. (6) (1995) ...










 


[image: alt]





Vectorized Jilesâ€“Atherton hysteresis model 

A vector model consisting of individual Jilesâ€“Atherton components placed along principal axes is proposed. The cross-axis coupling ensures general vector ...










 


[image: alt]





An energy-based vector hysteresis model for ferromagnetic 

Several elementary hysteresis cells can be combined, in order to increase the number of free ..... rule for hr obeys the differential equation in time hr keË™hr. Â¼ h,.










 


[image: alt]





An Energy-Based Hysteresis Model for Magnetostrictive ... - CiteSeerX 

by the National Aeronautics and Space Administration under NASA Contract Nos. NAS1-97046 and ..... We point out that a cannot ..... Close examination of Figure 4a, c indicates that one aspect of the experimental transducer behavior which is ...










 


[image: alt]





Hysteresis model for magnetic materials using the Jiles 

program packet. ... program packet are not familiar with modeling hysteresis curves and they have ..... These curves are input into the Matlab program packet,.










 


[image: alt]





Evaluation of the parameters of a magnetic hysteresis model 

eters of the hysteresis model of magnetic materials, IEEE Trans. Instrum. Meas. 43 (1994) 599â€“605. [6] D. Lederer, H. Igarashi, A. Kost, T. Honma, On the ...










 


[image: alt]





Magnetodynamic vector hysteresis model of ferromagnetic steel 

[3] C. Serpico, C. Visone, I.D. Mayergoyz, V. Basso, G. Miano, J. Appl. Phys. 87 (9) (2000) 6923. [4] S.E. Zirka, Y.I. Moroz, P. Marketos, A.J. Moses, IEEE Trans.










 


[image: alt]





Qualitative Modelling for Ferromagnetic Hysteresis 

INTERNATIONAL JOURNAL OF ELECTRICAL, COMPUTER, AND SYSTEMS ENGINEERING VOLUME 1 NUMBER 1 2007 ISSN 1307-5179. IJECSE VOLUME ...










 


[image: alt]





A modi"ed Jiles method for hysteresis computation including 

Physica B 275 (2000) 233}237. A modi"ed Jiles method for hysteresis computation including minor loops. P.I. Koltermann, L.A. Righi, J.P.A. Bastos, R. Carlson,.










 


[image: alt]





Parameter Estimation Techniques for a Class of Nonlinear Hysteresis 

used to characterize hysteresis and constitutive nonlinearities inherent to ferroelectric, ferromagnetic and ferroelastic materials employed in a wide range of ...










 


[image: alt]





A model for a thin magnetostrictive actuator 

rem 14), there exists a limit point of the mapping Î¨ in the set B1 Ã— D1. This gives us the periodicity of the two state variables x2 and y1. In general, the fixed point ...










 


[image: alt]





A Model for a Thin Magnetostrictive Actuator 

rem 14 , there exists a limit point of the mapping in the set B1 D1: This gives us the periodicity of the two state variables x2 and y1. In general, the fixed point may.










 


[image: alt]





a coupled electro-thermo-mechanical fem code for 

time phenomena. ... One solution in order to build such models is to link together several ... Domain Decomposition Methods (DDM) have been retained in order to give an answer to the ...... Theory Manual Version 5.7. ... Introduction to Heat Transfer










 


[image: alt]





Coupled precipitation and yield strength modelling for 

Oct 24, 2013 - on the integration of the growth equation at constant driv- ing force for ...... added according to a quadratic summation law and the re-.










 


[image: alt]





New parameterized hysteresis model and ... - Prof. Salim Ibrir 

large applications in control engineering, especially with the development of ... practical systems arises several major problems in control of such systems. First ...










 


[image: alt]





A Common assessment Results Model for ILE 

1 Aviation Industry CBT (Computer Based Training) Committee, http://www.aicc.org/ ... In the conceptual model (cf figure 1), 'Competences' and 'Results' are.










 


[image: alt]





A Homogenized Energy Model for the Direct 

PROGRAM ELEMENT NUMBER. 6. AUTHOR(S). 5d. ... PERFORMING ORGANIZATION. REPORT NUMBER. 9. ...... Measured periodic fields having lower ...










 


[image: alt]





REGRET: A reputation model for gregarious 

CSIC - Spanish Scientific Research Council. Bellaterra ... We can define reputation as the â€œopinion or view of one .... can say how is that person. As the number ...










 


[image: alt]





180i-Model A Operator's Manual (for Machining 

In this manual we have tried as much as possible to describe all the various matters. However, we ...... Normal direction control right side on. G43. 08. Tool length compensation + direction. G44. 08 ...... N04 G90 G01 G42 Z120.0 D01 F250 ;.










 


[image: alt]





A Model of Corticostriatal Plasticity for Learning 

DA-Modulation = CD-Upper-Threshold/cd-ma if cd-max > CD-Upper-Threshold. 1 otherwise. (10) .... associations learned (also see Mitz, Godshalk, & Wise,.










 


[image: alt]





Convergence of iterative coupling for coupled flow 

Page 1 .... Gassman rank-4 tensor. Pa m fluid mass per bulk volume kg/m3 Ï�f,0 ... means that we will calculate two pressures: pn+1/2 at the half-time step and ...










 


[image: alt]





A dynamic model for ornithopter and identification 

(RR )( ). W W W. B. T. W. TO. TO G a a a g. W XYZ. iW x y z. W. W d. m r F. F. F F r r dm dt xx ... x x aerodynamic forces gravitational forces w w w. W. W. W. W. G. A G a. G G g. A. M r. F ... qtddt C qtddt. -Average values of the aerodynamic force 










 














×
Report A one-dimension coupled hysteresis model for giant





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



