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Abstract Considering the coupling effects between mechanical, electrical, magnetic and thermal fields, we have
presented an analytical solution for the thermo-magneto-electro-elastic problem of a magnetoelectroelastic
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half-space under axisymmetric thermal loading based on the linear theory. Integral transform method and integral
equation technique are applied to analytically solve the heat conduction equation, the governing equations of the
magnetoelectroelastic material, and the mixed boundary value problem on the boundary of the
magnetoelectroelastic half-space. A general closed-form solution is presented for the complementary and particular
parts of the components of the displacement, electric potential and magnetic potential. Traction-free and open
circuit electro-magnetic conditions are applied on the boundary surface and an integral form solution for the
displacement, electric and magnetic potentials in the magnetoelectroelastic half-space has been successfully
obtained. Temperature field in the half-space has been obtained analytically and the expression of the stresses,
electric displacements and magnetic induction due to the temperature change applied on the surface are derived and
given in an explicit closed form. Numerical results show that the temperature loading has much effect on the field
distribution of the mechanical, electric and magnetic fields in the magnetoelectroelastic half-space. As the radius of
the constant temperature loading increases, the distance from the region of the maximum normal stress to the free
boundary will become larger, and the normal stress becomes much smaller in the regions outside of the circular
region. The maximum shear stress appears just below the boundary surface at the edge of the circular region. The
electric field is found to be intensified near to the boundary surface within the circular region, and similarly,
intensities of the positive and negative magnetic fields are observed at different locations in the half-space under
the temperature loading applied on the boundary. The results of this study are helpful for the design and

manufacturing of smart materials/structures under thermal loading.
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Fig. 1 A magnetoelectroelastic half-space under
axisymmetric thermal loading
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Fig. 3 Distributions of the shear stress
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(A. 2-2)
Ay =
Cul =Cyp (C3+Cu)d —f (hy +hs)2
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(A. 2-3)
Ay =
Cul—Ci (C3+Cu)l (&5 +e5) -5
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Al(ey +e5)2  es—eud’ ek -y Sl
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(A. 2-4)
A=A

AL =Cy 2’ ~Cyy, A(L2) = A2,1) = (Cj3 +Cyy)d
A(13) = AG,1) = (&5, +€5)4
A(L4) = A4 =(hy; +hjs)A
A(2,2) =Cyy —Cy3 A%, A(23) = A(3,2) =5 — €334

A(2,4) = A(4,2) = hj5 — hy 2
AGJ) = e — &, AG4) =A4,3)=d; A7 —d),

A(4.4) = a3 2% —

(A. 2-5)

FEHFFEGBO) Q) (j=1-4) & N:

X13 X14
X23 X24
X33 X34
X43 X44
X13 X14
X23 X24
X33 X34
x43 X44

(A. 3-1)

(A. 3-2)

X X 6 Xy

Q, :L Xy Xp 0 Xy (A. 3-3)
Ax X351 X3 03 Xy
Xg X 64 Xy
X X X3 6

Q, _ 1 Xy Xy Xy 6 (A. 3-4)
Ax X3 Xz X33 63
Xa Xy Xy 6y
X X X3 Xy

Ay = Xar Xy Xpz Xy (A. 3-5)
Xy Xz Xzz Xy
Xg Xp Xy Xy

Hoyg X (i, j =1-4) FEJ5 72 (25) TP 5E Lo
JiHE (33-38) H I R KLV, (k=1-6) E X

HN:
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Vv, &5 —Aey  Aey Ahyy (A
Vs _ hs —Ahy Adyy Auss ||A, (A. 4)
\/ —ACyu  —Cu  —&s  —hs ||A;
Vs -85  —€s &n dip |4y
Ve | —Ahs  —hys dy M
XA
Ej:leQj’ F]:X3JQJ
G]:X4]QJ’ Hj_XZjQJ (A 5)
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i i
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! (A. 6-2)
b dj
—dy -y —
i i
SE 3k

1 Huang JH, Kuo WS. The analysis of piezoelectric/ piezomagnetic
composite materials containing an ellipsoidal inclusion. Journal of Applied
Physics, 1997, 81: 1378-1386

2 Benveniste Y. Magnetoelectric effect in fibrous composites with
piezoelectric and piezomagnetic phases. Physics Review B, 1995, B51:
16424-16427

3  Liu S-L, Li Y-D. Fracture of a multiferroic semicylinder with a

magnetoelectroelastic interlayer: Piezoelectric stiffening/softening effects



and peak removal of stress intensity factor. International Journal of Solids
and Structures, 2016, 88/89: 110-118

4 A, 5T, ik, % BREwEESM R RIS 5
FATN - EX ARG E RGBSR, P EESAHES, 2015,
05: 332-336 (Zhan Shige, Fang Daining, Li Faxin, et al. Final report of key
project of NSFC “The interfacial structure and mechanics of laminated
magnetoelectric composites”. National Science Foundation of China, 2015,
05: 332-336 (in Chinese))

5 Arefi M, Amir HAS. Higher order shear deformation bending results of
a magnetoelectrothermoelastic functionally graded nanobeam in thermal,
mechanical, electrical, and magnetic environments. Mechanics Based
Design of Structures and Machines, 2018, 46 (6): 669-692

6 HIER, JUMk. BIETENER ERES S IMEL BT, Ty,
2019, 51(4): 1073-1081 (Hu Jun, Kang Zhan. Topology optimization of
piezoelectric actuator considering controllability. Chinese Journal of
Theoretical and Applied Mechanics, 2019, 51 (2): 324-332 (in Chinese))

7R, BoRE, BEdh, . BEEUR A4S TR IR IR E T BN
WA, F12E 53], 2019, 51 (2): 324-332 (Niu Mugqing, Yang
Bintang, Yang Yikun, et al. Research on the magneto-mechanical effect in
active and passive magnetostrictive vibration isolator. Chinese Journal of
Theoretical and Applied Mechanics, 2019, 51(2): 324-332 (in Chinese))

8 BRIRSR, XUMAAK, XI5E. EHPURET SH BUSRKRMERRRE.
2254, 2019, 51 (2): 503-511 (Zhang Lele, Liu Xianglin, Liu Jinxi.
Propagation characteristics of SH guided waves in a piezoelectric nanoplate.
Chinese Journal of Theoretical and Applied Mechanics, 2019, 51 (2):
324-332 (in Chinese))

9  Wang HM, Pan E, Sangghaleh A, et al. Circular loadings on the surface
of an anisotropic and magentoelectroelastic half-space. Smart Materials and
Structures, 2012, 21: 075003 (12pp).

10 Qin QH. Green’s Functions of Magnetoelastic Solids with a Half-plane
Boundary or Biomaterial Interface. Philosophical Magazine Letters, 2004,
84: 771-779

11 Hu KQ, Chen ZT, Zhong Z. Interface crack between
magnetoelectroelastic and orthotropic half-spaces under in-plane loading.
Theoretical and Applied Fracture Mechanics, 2018, 96: 285-295

12 BB, FEUE, BENE, 5. )2 B misn vl 5 T 2 SOk e B
THEF12%, 2007, 24 (8): 101-107  (Duan Shumin, Zhou Minjuan, Xue Yan,
et al. Transient response of an interface crack between magneto-electro-
elastic layer and dissimilar half-infinite medium. Engineering Mechanics,
2007, 24(8): 101-107 (in Chinese))

13 Ma P, Su RKL, Feng WIJ. Crack tip enrichment functions for extended
finite element analysis of two-dimensional interface cracks in anisotropic
magnetoelectroelastic bimaterials. Engineering Fracture Mechanics, 2016,
161:21-39

14 Yang Y, Li X-F. Bending and free vibration of a circular

magnetoelectroelastic plate with surface effects. International Journal of

Mechanical Sciences, 2019, 157-158: 858-871

15 Chen WQ, Zhu J, Li XY. General solutions for elasticity of transversely
isotropic materials with thermal and other effects: A review. Journal of
Thermal Stresses, 2019, 42 (1): 90-106

16 Hou P-F, Yi T, Wang L. 2D general solution and fundamental solution
for orthotropic electro-magneto-thermo-elastic materials. Journal of
Thermal Stresses, 2008, 31: 807-822

17 Chen WQ, Lee KY, Ding HJ. General solution for transversely isotropic
magneto-electro-thermo-elasticity and the potential theory method.
International Journal of Engineering Science, 2004, 42: 1361-1379

18 Carman GP, Cheung KS, Wang D. Micro-mechanical model of a
composite containing a conservative nonlinear electro-magneto-thermo-
mechanical material. Journal of Intelligent Material Systems and Structures,
1995, 6: 691-698

19 Li JY, Dunn ML. Micromechanics of magnetoelectroelastic composite
materials: Average field and effective behavior. Journal of Intelligent
Material Systems and Structures, 1998, 9: 404416

20 Aboudi J. Micromechanical analysis of fully  coupled
electro-magneto-thermo-elastic multiphase composites. Smart Materials and
Structures, 2001, 10: 867877

21 Ke LL, WangYS. Free vibration of size-dependent magneto-electro-
elastic nanobeams based on the nonlocal theory. Acta Mechanica Sinica,
2014, 30 (4): 516-525

22 FHIRBE, TRIEMS. ) SCHAGRPE T . 1R, 42 (D) -
18-28 (Tian Xiaogeng, Shen Yapeng. Research progress in generalized
thermoelastic problems. Advances in Mechanics, 42 (1): 18-28 (in Chinese))
23 He TH, Ma JT, LiY. The generalized electromagnetic-thermoelastic
coupling problem of hollow cylindrical conductor based on the
memory-dependent  derivative. International Journal of  Applied
Electromagnetics and Mechanics, 2019, 61: 357-375

24 Ootao Y, Tanigawa Y. Transient analysis of multilayered magneto
electrothermoelastic strip due to nonuniform heat supply. Composite
Structures, 2005, 68: 471-480

25 Karimi M, Shahidi AR. Nonlocal, refined plate, and surface effects used
to analyze vibration of magnetoelectroelastic nanoplates under
thermo-mechanical and shear loading. Applied Physics A, 123 (5): 304. DOI
10.1007/s00339-017-0828-2

26 Gao C-F, Kessler H, Balke H. Fracture analysis of electromagnetic
thermoelastic solids. European Journal of Mechanics A/Solids, 2003, 22:
433442

27 Niraula OP, Wang BL. Thermal stress analysis in
magneto-electro-thermoelasticity with a penny-shaped crack under uniform
heat flow. Journal of Thermal Stresses, 2006, 29: 423-437

28 LiPD, Li XY, Kang GZ, et al. Three-dimensional fundamental solution

of a penny-shaped crack in an infinite thermo-magneto-electro- elastic

medium with transverse isotropy. International Journal of Mechanical



Sciences, 2017, 130: 203-220

29 Zhao MH, Dang HY, Fan CY, et al. Analysis of an interface crack of
arbitrary shape in a three-dimensional transversely isotropic
magnetoelectrothermoelastic biomaterial — part 1: Theoretical solution.
Journal of Thermal Stresses, 2017, 40 (8): 929-952

30 Zhao MH, Dang HY, Fan CY, et al. Analysis of an interface crack of
arbitrary shape in a three-dimensional transversely isotropic
magnetoelectrothermoelastic biomaterial — part 2: Numerical method.
Journal of Thermal Stresses, 2017, 40 (8): 953-972

31 Hu KQ, Chen ZT. Pre-kinking of a moving crack in a

magnetoelectroelastic material under in-plane loading. International Journal
of Solids and Structures, 2013, 50: 2667-2677

32 Hu KQ, Chen ZT, Zhong Z. Pre-kinking analysis of a constant moving
crack in a magnetoelectroelastic strip under in-plane loading. European

Journal of Mechanics-A/Solids, 2014, 43: 25-43



