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Fig. 1. Structural schematic diagram of magnetoelectric

laminated composite.
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Fig. 2. Curves of magnetization intensity versus bias mag-

netic field and prestress.
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Fig. 3. Curves of magnetization intensity fitting function

versus bias magnetic field and prestress.

25

\ —8- 0 = —60 MPa
- n —— o = —45 MPa
5 20 —— o= —30 MPa
g n —— o =—15 MPa
L‘gﬁ"\ i —— 0 =0 MPa
8L 15p - o=15 MPa
(ST 1
$E
e s
o> 101 ¢
< =
£ |
[e] U
S| I
L 51
Y

0 0.5 1.0 15 20 25 30 35 4.0
Magnetic bias H/kOe

K4 AR ST, ik 22 Kbt i B 1% 3 i A8 Al h 2
Fig. 4. Curves of piezomagnetic coefficient versus bias mag-

netic field under different prestress.

N 4 ATLUE Y, 2S00 ) B fe, R R A
Je¥l R, SRS BEE G A 37 3G TN R
SRR DR LISINWALE D NAR &3 S F N |-k
FERE R BOMZ W) 42, SRTAT, >4 R 40 L 7 3 K
JE TG ZR B S RAB I/, Hoil R A 4 A8 15131
I B W th 2t el 4. A ik, A R Fi 1 g M ik
25 MPa B, 2 H Bl AR,

MEL 5 AT LA Y, 5 S0 2 E5AS ] 1) s 2
b A AR Rl ke s, Bl RN )48 b i 7, Sk
KIGU/N. M B R, MR L 47
o), KA Z K.

ME 6 AT LAE Y, S ) [ 5, w5 R b
I B W RGN, (RIS, Bl R 357 g
AIHE R, e R B R ARG K, o h & 20 s i e
Wi, SR, 4 FE4n N 138 K, #E SR W i KME
/N, A D B0 10 3G K ih 2 A8 15 5144,
SR, T 3R 2 1 7 8 B P R/, Y
T 37508 B TR B — R AL, W TR N 5o B SRk B AR AT,
T 2RIk B e/ IME.

---- H=250 Oe
—— H =500 Oe
35T —o— H="1750 Oe
—— H = 1000 Oe
|l —— H = 1250 Oe
S PR, """

Elastic coefficient s11/(10712 m2N-1)

—40 —.30 —.20 —.10 (.] 1.0 20
Prestress o/MPa
5 AN EREG T, WAk ERE UL 1 ARt 2

Fig. 5. Curves of elastic compliance coefficient versus

prestress under different bias magnetic field.

45
--- 0= —60 MPa
40 o= —45 MPa
é’ 35 -—-o0=—30 MPa
Em —— o= —15 MPa
$« 301 — =0 MPa
gz 25 B —— o0 =15 MPa
&%
99 20¢
< 15}
gz
3
]
b= 10 F
5.
0

0 05 10 15 20 25 3.0 35 4.0
Magnetic bias H/kOe

6 AR 1T, RS AR R i 3 A b it 2k
Fig. 6. Curves of piezomagnetic coefficient versus bias mag-

netic field under different prestress.

2.2 BEREBRMRHIELEEBRERE SN

221  ARFREIREA
MRPEE 1, FEARY d B AA T fE 0] S
{Pgl = Ps11P0) + Pds, Es,

(10)
D3 =Pd3iPoq + Pegs Es,

2, Pey 1 Poy S HENASFIR 1, Es 1 Dy 4351
SR Z R T I) (2 77 ) BRI R EA .
Pdsy , Psyy Fl Pesg 0 2 HE LA RE I HE FEL R 58,
PR RFRA - HLH AL
HRPEA A — 2 3, 7T LA H G 2R )
B8 T
_0%u ™o oPoq
Por =™ o T an
Kb, o B ZIRE G MO o 07 AL
Tm = 2tm/(2tm +tp) , 7p = tp/(2tm +tp) s D = TmpPm+
ToPp s Tm FH pm A HEBUM4E 2 B AR X S BE LY RN 5T £

(11)

237501-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 23 (2024)

237501

WHE, vy I pp S FLZ AR AR R JEEE L S 2 2
M T A o A R R B 58 B MRS 44 )=

OE oD
H Tl SR L35 By AT, T — > =0, - =0,

H (5) 58, (10) e = O | SR (11)
Ay

Pu 0%

o =" o (12)
. T2 = i Tim 5 Mg . —m _
:T:t:mtz;a vt = (psll +msll>/p7 S11 311(1
m) s T R RH

(12) AR, HIEAN u = u(z)e!
= (Acoskx + Bsinkx)e“w! . L U= %iwu(x)ei“’t ,
6 2. st SRS A PR (a0 0y ) A0
]33 5 Ry = iwu(0) Fl ay = iwu(l) . (12) 2
eI S

U Uy — 1y cos (k)
u(x) = j COoS (k’.ﬁE) + W

JEE A AR ) FE L 2 PR FLUR Vy = B - 8, — i

l w
@@ﬁ@=1;lz%m@,@ﬁsﬁﬁm%§g:

99 R (10) 21 (13) 2, TTSRALE B2 R

sin (kz) . (13)

dt ’
i, HRk=h
Iy = wCoV+ gy (i — i), (14)
. wlPess e Pd3y
A, Co = t g A LA (‘Op:w'p8117
p

2
R TIEG P6 = e (1- ).
S5117€33
ot 2 b RV T 2 B ) 3 o —
d
2wt By, PHIRE Vo = N U2
l

SE ledx:/ Hide = NI, FIJ (5) 2 A0

(13) 3, AIARATER B L i Fs sk
1

I, = —iwLOVm—cpm (g — 1), (15)
. 2wty
xHr, Lo =" N? T TGN SR 2 B FR S
m
. d11 N .
J&: om = m , SERENUR S R, ™y =

m J2
(1 520 ) TR
AR R P 2 RSB BB AL 1) 5 A 2% A,
BFSN I TR S Ny
{ — = wtyPoy| _ + 2wt wty, o1,

(16)
- By = wtyPoy | _, + 2wtnwt, o1 |,

¥ (5) L (10) 2 (14) X0 (15) X iE 4B
HACA (16) 2K, AT

Fi = Zy (tq — 42) + Zotin + ©pVp — @mVin,  (17)
Fy=7; (ﬂl — 1-1,2) — ZolUs + (,OPV;) — QDme. (].8)

w t 2t 1 w
o, p m Z :
A, 41 < > sin (ki) ’ 21T

tm

(ﬁ + ?11) tan <2>

ANTT Fy R Fy SRR, THRE iy A0 55
BT AU . MRS AR (14) 30, (15) XL (17) X
Fn(18) 2K, AT LAHE R W 2 52 B DR ) R R -
B AR L R 7(a) BT, YR E SRR
H ARSI, PismBca o, A TR, il 7(b)
Jos, SUBBHGT TR Z = Z4 + 2o/ ) Z2 = Z1+
Zo /2. TTLLAE, WSS R HLES o X R AT 7R T
RAHHL SR . SRR, AT R wr =
FELAT Z 7T LA B A HLBAE Ry # I5E RLC H R
/N, Z = R +iwln + ﬁ R, L F1 Co 535000
fili HL 2R A AR A S5O L FRL BEL L R JRR T L2
HAHH

T 2o 8 wilm  ® 2

Im= 220 cpm
T 8w T wwZy’

" Qmech B 8Qmech’

2\
v \Ps11  ™Ms11

Qiech = TmQIznm + rpanpv Zy = g
A, Qmech ; Quum F1 Qup 73501 G LS5 B BH
P4 TR PR PR R i PR ORI i bR
fin JoT R

() o 2

Fy F>

LO Co - Vp

Ko7 @R EIRE A E (a) X FRE -5 - FL S5 R
(b) T 1 ML F S AE T B0 B S5 R0
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circuit and (b) symmetric equivalent circuit under free
boundary conditions of magnetoelectric laminated com-

posite.
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Abstract

In order to further study the nonlinear characteristics of the resonance magnetoelectric coefficient and
vibration mode at the resonance frequency, three-layer magnetoelectric composite with length direction
magnetization and thickness direction polarization is investigated in the article. Firstly, based on the Z-L model
and the numerical solution characteristics of magnetization intensity, the magnetization intensity function is
fitted, and the dynamic parameters of the giant magnetostrictive material, including dynamic piezomagnetic
coefficient, dynamic elastic compliance coefficient, and dynamic magnetic permeability, are further derived. The
effects of bias magnetic field and prestress on the corresponding composite are analyzed. Secondly, based on the
nonlinear magnetostrictive constitutive equation, a symmetric magneto-elastic-electric equivalent circuit model
of magnetoelectric laminate composite is established, and the expression of magnetoelectric coefficient is
derived. The variation curve with bias magnetic field and prestress is analyzed, which is consistent with the
conclusions of existing literature [Zhou H M, Ou X W, Xiao Y, Qu S X, Wu H P 2013 Smart Mater. Struct. 22
035018; Zhou H M, Li C, Xuan L M, Wei J 2011 Smart Mater. Struct. 20 035001]. Finally, in order to compare
with the theoretical results, the same parameters are set by using COMSOL software, and the corresponding
magnetoelectric coefficient frequency curve is plotted. The two results are in good agreement with each other,
and the maximum peak modal vibration shape is extracted, making it easy to observe the vibration of the
magneto electric laminated composite in the length direction. The results indicate that the theoretical model of
this symmetric magneto-elastic-electric equivalent circuit and the numerical simulation method using COMSOL
software are feasible, thereby laying the foundation for further nonlinear analysis of magnetoelectric laminate

composite and making it possible to design high-precision magnetoelectric micro devices.
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