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ﬁq:‘y ap()iap37 bp(]ibp3 y\jﬁ%%ﬁﬁ ;{T&J’ (A4) *u (A5) ﬁ
o (A2) 7, 2

Yp = m(apgz3 +apaz® + ap1z + apo)

+ bp3z® 4 bpaz® + bp1z + byo. (A6)

HH T op 09— R TR 8 $ 0% B 77 4> B S s, T DL 4
apo = 0, bp() S 0, bpl =0. (A6) ﬁ/ﬁy\j

3 2
op =x(apsz” + ap2z” + ap12)

+ bp3z® + bpaz’. (A7)
SR HZE IR F
&
Ipe = 822p
= 6apaxz + 2ap2x + 6bp3z + 2bp2, (A8)
&
Opz = ax; =0, (A9)
Tpxz = Tpzzx
o 8250;)
0x0z
= —3ap3z” — 2ap22 — Ap1. (A10)
L F AT

szzlz:tp/2 =4q, szzlz:—tp/2 = 0> Upzlx:l/Q - 07

AN S 2% A

tp/2

/ szz'z:l/2dy =0

—tp/2
ARE 5 AR (FE: H ope|emiy2 = O, X THE
2 HHE AL IAF 2 A THE), KK (A8)—(A10) R 5 A&
MARE. Ak
(2t 1) (2 + 31y)

ap1 =

4t2, ’
_q(4tm + 3tp)
T
ap3 = — £>
b _ d337mH3 _ ql(4tm + 3tp)
b2 = o iz,
_ 4
brs = g (A11)
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4% QAp1—Aap3, bp2*bp3 'fﬁ)\ (A8)—(A10) fﬁ, ?“:Elf

q(l — 2x)(62 + tp)

Opz = 0, (A13)
qz(3z+1 q
Tpxrz = % - Z (A14)

P

f B B4 R R A A

RS 45 2 O T8 EE PR AR BT — 2 4
G M AT, 55— AN A A (5
JIRE TR U S BB AR 2 1 0 ) q, WP 2). it
RSO 48 2 093 R T L J2 S (LT SR ko
SRAFE: BABNAR 20 77 e R FHb SR S50 LA,
05 BT ph BB 85 38 bR K SR th, Kb AAR B S R
sty 2224, Rsi: RS 4 B o SIE A AT R ) D R

V2 = (1 + fim)dsz,mH. (B1)

T o T S H B RS AR IS £ 37 4 (220240,
;o 1 %

e T
: 1 P
e IR B
T = T ) 07 (59
2
Tas = ! oy (B4)

s (1 + pm) Ozd2”
N TSR BN 4 2 N3 ) — AR, TR
w = (1 —|— /,Lm)d33‘mHZ2/2.

2 AR AR (B1) 3, 10 HL SR A0S g b el o,
TANFEMRHIRAE. K5 p AN (B2)—(B4) K, AR Az %R
AR INE Y 2 3 A

o = dzz,mH
mx 8?3 b
Uinz =0, Tr,na:z =0. (BS)

Nl R AT, BUBAEL S B LS LR R 5y
K/NHRTRLS 7 [0 AR 0 0, 38 H e 51 E R 2 3/ 9 4b 7e i,
RN FE 8 R TR S ) B BOEROR 8, T ik S R
JEIMTTEARNE. BRI RECA om, AIIRAGU0T N7 R4

3 2
Om = T(am32” + am22" + am12)

+ bm323 + bm2227 (BG)

ﬁl:':l’ Am1—Qm3, bm2ibm3 %1%%%%&

FNFARRIL 15 N
82<pm
= 6azwz + 2a2x + 6b3z + 2b2, (B7)

624pm
0']/1{!2 = B =0, (BS)
foatt
v _n m
Tm.fCZ - TmZCC - 8'1382
= —3a3z° — 2a27z — a1. (B9)

FEpUR S Y

" -0
Tmzz'z:tm+tp/2 — Y,

1"
Tmzz'z:tp/Z =q,

" d33,mH

Um:r'a::l/Q = H 5
833
AT S 2% A
tm+tp/2
/ ngz'z:l/de:O
ip/2
dzz.mH

(FE: H olp]wmye = T WA, RTAER 2 AR
33

SEA[RAR 2 AN ), SR (B7)—(B9) R 5 AN Kk R 8,

53 A

_ lp 3qt}2)
ami = —q = 203" = 758,
_ 2£ 3qtp
w2 =T o)
am3 = _gy
1dssmH l
b = = 2330 L g4 3at),
ql
B ARS8 2 1 R 7 N
Omz = O—llTlfL‘ + O—gxz
q(l — 2x
_ 2 ) (4t + 3, — 62), (B11)
Omz = Uinz + Ul{;lz = 07 (B12)
Tmzz = Tr/nacz + TI/I/M')Z
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Abstract

A low frequency magnetoelectric (ME) response model of magnetostrictive/piezoelectric laminate composite is
presented based on energy conversion principle, and ME response characteristics of different laminate structures are
compared in this paper. In this model it is assumed that the energy transfer between the layers of the composite
laminates is achieved by the interlayer shear force. The stresses and strains of the magnetostrictive and piezoelectric
layers are analyzed by the stress function method. While the strain and stored magnetic energy of magnetostrictive layers
and the strain and electric field energy of piezoelectric layers are solved. Under open-circuit conditions, the interlayer
shear force and the low frequency ME response model of laminate composites are obtained by using Hamilton principle
of minimum energy. The theoretical results show that the ME voltage coefficient is related to the Poisson ratio, magnetic
permeability, magnetomechanical coupling coefficient of magnetostrictive material, Poisson ratio, and electromechanical
coupling coefficient of piezoelectric material. The influences of these parameters are analyzed. The magnetoelectric
characteristics of two- and three-tier laminated structures are compared in this paper, showing that different laminated
structures have different formulas for ME coefficient and calculation errors will be smaller when the corresponding ME
coefficient formula is used. The experimental results show that the analytical error is smaller than 6% and the model

can better describe the low frequency ME response characteristics of laminated magnetoelectric materials.

Keywords: magnetoelectric laminated material, magnetoelectric response, energy conversion principle,

shear stress
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