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EXPERIMENTAL STUDY ON THE INFLUENCE OF APPLIED ELECTRIC FIELD
ON THE MODULUS OF RUPTURE OF PZT /COMPOSITE LAMIN ATES
CHEN G Jinquan', ZHANG Tong—~yi', WANG Biao', DU Shan-yi

(1. Center for composite materials, Harbin Institute of Technology, Harbin 150001, China;

2 Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong, China)
Abstract  The three—point test was carried out to test the modulus of rupture of PZT composite lam—
inates- It is evident that the positive electric field can im prove the modulus of rupture of PZT compos—
ite laminates but the negative one can decrease its modulus of rupture. A setup of in—situ AE measur—
ing system was established to determine the different damage models of PZT composite laminates dur—
ing the process of loading, and the damage model of PZT composite laminates was also verified by the
scanning acoustic microscopic images.
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Fig. 1 A schematic diagram of PZT
composite laminate structure
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Fig-2 The experimental setup for threebending
point test and AE measurement system
AE 6103
LECROY 8828
, , AE
, 2 ;
PZT ,
. PZT 0V, + 150
V,+ 380 V,== 900 V (7 ), ,
PZT ;
30
PZT )
0. 25 mm /min ;
, AE
- MTS
PZT
(MOR)
3PL
mr = %sz ( 1)
6 (MOR), P
L b
,d
2
, 3




, PZT/ . 99
) » PZT 6.00E-008
@
s , 5.00E-008
- 4.00E-008
AE mﬂ 3.00E-008
I ®
’ ’ < 2.008-008 1
, AE )
1.00E-008
i PZT .“ ‘
0.00E+000
0 200 400 600 800 1000
, AE
B/ kHz
, PZT 0.000008
3 43 A” II (b)
7 0.000006
, 90 M Pa, PZT 2
- 4 PZT @ 0.000004
. PZT 2
0.000002
PZT
. 5(a) AE 0.000000 . W N uvm......_.‘...._
’ I AL 0 200 400 600 800 1000
200 k Hz B “B” , $AZ /kHz
0.0035
C
AE . 0.0030 -( )
2 2
PZT - 0.0025 |
, . 6( a) m[?]ﬂ 0.0020 |
X
. T T : 100 3;;:1 0.0015 |
140 Ty : :
Iy - A A i : 0.0010 |
120 o AEHH ! { 80
; cl. ¢ 0.0005 |
100 : o
« ; 60 & 00000 | Ak
& g0 ! Ir , . .
p ! s
43 60 ' 40 o 0 200 400 600 800 1000
13 % HI% /kHz
40 , 8%
. : 20 5 ()11, (W), (¢ “C
5 AE
0 . 0
0.0 0.2 0.4 0.6 0.8 1.0 12 Fig- 5 The energy analysis of the insitu AE
% / mm sgnals at different bading stages
(a) Stagell , (b) Stagelll, (c¢) At the point “C”
3 AE
Fig. 3 The typical load-dis placement curve “B”
and thesum of in-situ detected AE signals , PZT
; 5(b)
AE , AE
430 k Hz PZT
( 6(a))
4 —_— . PZT “B
Fig: 4  The ultrasonic image of the typical o 3 il , PZT
damage of PZT core plate PZT



100°

, . 6(b)
PZT
[13 C’ ,
130 k Hz, 5(¢) PZT

6 PZT

g 6 Ultrasonic images for thefailed PZT
composite lamimate to show the broken PZT core,

debonding and delamination: (a) at“B”, (b) at“C’

160 | ' ' ' ' ]
150 r § 7
-«: ] a ]
fwp, o dy
o 10 | : E g _
%130 "y i ! i E a
% L . v T
g 10T g bog ]
o b ¥ SR ]
. ]
100
-1000 -500 0 500 1000
Stme s /kV-m®
7 pPzZT
Fg. 7 The relation between the applied electric
field and MOR of PZT composie hminates
(D,
PZT / . 7
PZT
MOR , PZT/ MOR
1 .
PZT MOR
, PZT /
, PZT
, . Fu Zhang[g] PZT

(MOR)

PZT MOR,
, MOR .

1 PZT

Table 1 The standard deviation of the MOR

of PZT composite l aminate

Electric field /kVe m-! MOR/M Pa C, Mo
0 124. 08+ 5.73 4.618

172 128 36t 9.54 7.43

437 129. 76t 5.30 4.08

1034 140. 89t 5. 83 4.138

- 172 125. 04 8.86 7.08

- 437 125. 33t 10.32 8.23

- 1034 120. 39t 7.79 6.47
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