58 1 2009 1 Vol.58 No.1 January 2009
1000-3290/2009/58 01 /0546-08 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

*
T
400030
2008 1 24 2008 7 3
/ /
Terfenol-D/ /PZT-5H
1 0.45 2
Terfenol-D 1/4
/
PACC 7580
1.
713 14 68
12
3
6
45 6—9 10
’ / /
Terfenol-D/ /
" PZT-5H
1 L,/L

m

2.

2.1.

12
1
3

* 10776039 863 2007AA127Z132

T . E-mail ymwen@ cqu. edu. cn



. / 547
1 Uy Uy x=b x=1,
X Fy Fy Fy Fy
I v %
L t L Iy h
1 bl 2 12 b L Zy(zy Z(zy)
bl ty a *Hul(_us) '74' |+”2(‘”4)
t") h[ll b
t, h,.
Fyy (Fyy) |:} i it
B T E o
i
\ f 1;' lﬂ ﬂ
| T 1
| I 1 |
IR
H H H ] ]
- - : . I 2 I N
o 3(2) 2() TTT 2.2.2. I
- > /
1(x) Im A
1 / / L{—> o BRI N
Fp— ®EE Tl ¢——Fp
2.2, -a xx+dx 0 X
1 H 3(2) 2(3)
1 -L — -a Il -a -
0 |l 0—0b I\ b—1L, 1(x)
3 I
2.2.1. 1 I\ Siw = SH Thw + dy H, la
r
L I B, =d,, T, + /llTl H, 1b
- H B, )
2 Sim Tlm S1 dllm
kL -a #ITI
Z, = jphvhhhthltan(f) Ay
g o ouhty An A
2 Sink Ll - a [[ Al = Abl + Am
Zy == jpyvhy t},zcos(#) g vy
_ o evhtn O A, Ty + Ay T
Z4 - ] Sink Lz ~ b m lma bl 1b dx
x
/Y 3
v, = a Y = Ay pu+ Ay oy aitfdx 2

LUy Uy x=-L x=-a

le = Yslb x

S1p X Om



548 58
Ob & x _ 1 - ]
. Sinkmba Sl 52 + gDmHl
X :—Znﬂnéz‘*'zmbz .51 —éz + o, H, 10
. k. a thUmhAl
Zmll = ]{Oml vwa]tan(&) Zmb2 =
’ ’ 2 sink,; a
Sim = S = 875 3 J "
ox _1-m dy,A,
Am Abl X la Tlm spm - 811-11 )
2 3 10
4 4
. Zmbl Zmbl :
§1 é:Z
L [
m
_ I Zmb2
B F‘Zl 1:22
lom}):(om l_m +(0hm
. 4 H1_>I
e
Fy: + k?nbf =0 5
kmb = w/yml) w
4 Il
§ x = Acosk,,x + Bsink,x 6
" ' 2.23. I
A B
hP
. ) . . hy
= — = 0 Km— :
&= jou —a & = jou 7 o —
'51 '52 X Fy— R b2 32
6
. ) 0 xx+dx b
k —
€ x = Lcoskyx + %’;glsinkmx.
Jw Jwsink , a 3(z2) 2(y) E
: il
x Fy 1(x)
5 I
F2l == TlmAm |x:—r1 - TlhAbl |x:—a 9
F22 = - T]mAm |x:0 - T]bAl)l |x:0‘
la P Ty =Ysy, sy = Sh Ty + dy, Es 1la
38 ) Dy =dy, Ty, + b Es 11b
. . b @
Fy =J;0.mﬂfmbA1[51taﬂ# Ey D
| _ _ ] sy, T4, S?I dy, 5;
" sink,a §1-& | + el

:Zmbl'gl + Lo ;’cl - .52 + ¢ H,

k mh @

Fy :jpmbvmbA][ - .EztanT

AIIZ
4
A2 = Ahz + AP‘



1 / 549

n = Ay/A,
15
O = Op -
I = joc,V - ¢, & - & 12 no+pon O
T 2 2 .
en | — k5 bt 3l
Cg = ——2 ky = L
! hp . €3133?1 12 13
dyt, ili 6
¢, = % y | |
. . 3 |—|Zpbl Zont [
& &, L |
x
Zyb2
F31 F;n
. kb
Fs =j{0mbvmhAl[ S_;tan% y €0
L ¢ ] 14
Cosinky b Pt TP Ligy
=Zw 53 + Ly 53 -& + e,V I
6
. . kb
Fy :J{op},vphAz[ - &,tan '2b
T ] %
Tsink, b 2T T 2.2.4.
. . . 5
= - thl 54 + Zpl)Z g3 - 54 + (ppV‘ 13 12
V==Eh,. Fy Fy
x
A
Ly = jppbvpbAztan(%) Ly = % Fo = F, Fyp=Fy Fy=»F,. 14
" 14 2.2.1 2.2.3
kpb = w/vpb 7
Z; Z Zmb1 Zmvt  Zpvt Zpb1 Z, Zy
7 / /
_ d_V _ §0m ZI
23 @ dH| = | Zyo + Zy  Zi + Zy
VA
X 7 2/'ll ) 7 ' ﬂ 15
Fll =0 F42 =0 ph2 + §0p Jwey + Il JwCy
8 ) Z, = 72,72, Z, + Z, + Z, + Z,, Zy =

8 ZiZyl Zy+ Zy + Zs+ Ly Zy = Zoy + Ly +



550

58

Zy Zy Z b1 Z b1

Zpb1 Zppr  Zy Z3

Zy Zyy + @iliwey | Zy + Zyy + @iljwcy  Zy =
Lyl 2+ Zy

1 — 15
15
s
d
s=s -1 e =¢€¢ -1
d=d -id" p=p -iy 16
/ /
9
Qm Qm = S//S”.
1 — 15
s=s' —is". 15
3.
3.1.
Terfenol-D/ /PZT-5H
15 . Terfenol-

D dyn =4x107°m/N s =4 x 107" m?/N 12

mmx 6 mmx 1 mm @, =10 PZT-5H dy, =
-2.70 x 107" m/N % =16.5 x 107" m*/N ey, =

3800 12 mmx2 mmx0.8 mm Q,, =65"

Y =13.2 x 10°N/m’ 71
mm 38.5 mm x 6 mm x 0.5 mm
32.5mmx2 mmx0.5 mm 3.
15 Tertenol-D/ /PZT-
S5H 9
31.54 kHz 1775.3 mV/Oe 1 Oe =
79.5775 A/m 30.026
kHz 1109.2 mV/Oe.
1.5
5%
9 M/P
12 mm x 6 mm x 1 mm 12
mm X 6 mm x 0.8 mm
9 /
2
600
mV/Oe.
2000
S 1500
>
£
F=y
w& 1000 +
£
#
M
g 500
=
0 - T
29 30 31 32 33
$#E /kHz
9



1 / 551
2000 2000
- e S5 TR 7
C“?’ 1500 L gvyie 4 (“3_’
% Z 1500 -
= 5
& 1000 | e
& &
# #®
§ % 1000 |
B s00f ®
® =
0 - 500
0.0
£ /kHz
10
71 mm x 12 mm x 0.5 mm é
10 4«?
=
. B
iy
1775.3 mV/Oe
1220 mV/Oe.
0.0 0.5 1.0
KEWL,/L
1.5
11 a ay
32, Li/L b £LJL
15 0.45.
3.2.2.
/ /
3.2.1. thl = tm th2 = tp
L
L, 15 m = ﬂ _ L
Ll B A] B hm + hl)
Ay
LI/L n = A2 =
11 11
a hb
B .n m
1T b h, + h,
l h‘m + h’h
11 L m hp + hy
L,/L L m
15
L, L
m 12 . 12 a



552

58
ay-m 12 b
fm
2000
_ (@)
|u Ll
Q 1500
E L 0.45
%% Terfenol-D 1/4
gg 1000 3
H#
=
s 500
g 71 mm 31.95 mm x 6 mm x 0.3 mm 39.05
mm X 2 mm X 0.3 mm Terfenol-D 12 mm x 6 mm
o0 05 Lo x 1.2 mm PZT-5H 12 mm x 2 mm x 1 mm.
%'E—H:m 9 13
26 2113.3 mV/Oe
©) 400 mV/Oe.
34t 2500
z ]
- ‘8 2000
g 32 3
?ﬁ § 1500 |
30 F W&
£ 100}
5
2.0 0.2 0.4 0.6 0.8 5001
ZELhm =
029 ?:0 3Il ?;2 33
? % /kiz
a ar-m b fm
13
12 a m=0 n=0
4.
Terfenol-D PZT-5H
/ /
7
Terfenol-D/ /PZT-5H
m = 0.8667
n=mh,+h, /! h +
hp = 1 m
0.2 1. L, L
Terfenol-D 1/4 0.45
2. Terfenol-D 1/
hy, 4


Absent Image
File: 0


1 / 553

1 Astrov D N 1960 Sov. Phys. JETP 11 708 in Chinese 2003
2 Rado GT Folen V J 1961 Phys. Rev. Lewt. 7 310 17 64
3 Dong SX LiJF Viehland D 2006 Journal of Materials Science 41 11 LiP Wen YM Bian L X 2007 Appl. Phys. Lett. 90 022503
97 12 Lin Z M 1987 Principle and Design of the Ultrasonic Horn  Beijing
4 Nan CW LiM Feng X Q YuS W 2001 Appl. Phys. Lett. 78 Science Press p31 53 95 in Chinese 1987
2527 31 53 95
5 Liu G Nan CW Sun J 2006 Acta Materialia 54 917 13 Filippov D A 2005 Phy. of the Solid State 47 1118
6 Dong S X Li J F Viehland Dwight 2003 IEEE Transactions On 14 Nan CW Li M Huang J H 2001 Phys. Rev. B 63 144415
Ultrasonics  Ferroelectrics  and Frequency Contronl 50 1253 15 Zhang F X Wang L K2001 Modern Piezoelectrics Beijing Science
7 Wan H Shen R F Wu X Z 2005 Acta Phys. Sin. 54 1426 in Press pl32 166 in Chinese 2001
Chinese 2005 54 1426 132 166
8 Dong SX ZhaiJY Wang NG Bai FM LiJF Viehland D 16  Luwan GD ZhangJ D Wang R Q 2004 Piezoelectric Transducer and
Lograsso T A 2005 Appl. Phys. Lett. 87 222504 Transducer Array Beljing Peking Univ. Press p93 in Chinese
9 YangF Wen YM Li P Zheng M Bian L X 2007 Acta Phys. 2004
Sin. 56 3539 in Chinese 93
2007 56 3539 17 Filippov D A Bichurin M I Nan C W Liu J M 2005 Journal of
10 ZhangH YangJ F Fang L Yang W M 2003 Master. Rev. 17 64 Applied Physics 97 113910

Magnetoelectric response of magnetostrictive/piezoelectric
composite on a trapezoidal elastic substrate
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Abstract

A magnetostrictive /elastic substrate /piezoelectric composite has been developed where the elastic substrate takes the form
of trapezium to amplify the strain. By using the equivalent circuit the magnetoelectric response of the composite in the
longitudinal vibration has been analyzed. The magnetoelectric response of a Terfenol-D/trapezoidal Be-bronze/PZT-5H composite
is calculated and is compared with the experiment. It is indicated that the theoretical response shows a similar variation tendency
as the experimental in spite of the difference in resonant frequencies and the values of the magnetoelectric voltage coefficients
which is the result of neglecting the glue behavior. At the same time the composite on a trapezoidal substrate and the composite
on a rectangular substrate are compared which indicates that the former has higher magnetoelectric voltage coefficient. The
length ratio of the trapezoidal elastic substrate and the thickness ratio of the composite are further analyzed. It is found that the
composite will have maximum magnetoelectric voltage coefficient when 1  the ratio of the length of wide section to the total
length of a trapezoidal elastic substrate is 0.45 2 the thickness of a trapezoidal elastic substrate is one fourth that of Terfenol-

D layer.
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