TR

fF§! arch & Development
ASAR
o4

IR A A B A0
FRTENFE

TB552
[4-9]
[10]
[11-15]
[6]
ANSYS
ANSYS

2010.02

www.sensorworld.com.cn

(10702057)

(093J3003)

ANSYS

1006-883X(2010)02—-0006-05

[11

[2-3]

1 2007  Yago 19

[8]



ANSYS

ANSYS
[17]

[9]
{T}=[cHS}-[e{E} 1
{D} =[]’ {S}+ [¢HE} 2 1

{1}—
{D}—
{5+—
{£}—

[e] —
[e]—
[e] —

2
veuf+ e+ KD = )
[M]

[C1—
[K]—
[u]—
{F)}—
[M] [l
(K]
3

[[M] [0]} 3 +{[C] [OJM{&}H [K] [KZ]} {{u}}
- . zqT d

[0 [o] {V} CNCHPNNITS ITSIG:

{u}— {u}

4

[K']—

[K]—

PZT5A

[17]

(kg/m’)

(m/s)

(MRaly)

PZT 5A 7750

4400

33.704

7840

5750

45.080

2770

6400

17.728

2 PZT5A

3 (x10"°N/m?)

(N/V*m)

(x10°C/m)

C11=12.035 C33=11.087
C12:7.518 C44:2.258
C13:7.509 Cee=2.105

631:'5.351
6‘33215.784
615:12.295

811:826
833:919

planel3 planel3 4

_ {{F}}
© 4 plane42

{u}

18] ANSYS

2D

2010.02 SensorWorld

www.sensorworld.com.cn

2



20
[19]
200 kHz 4
0.25
us 0.1 mm
120 ps 2(a)
2 a 2D b 3D
3 2(b)
0.45ps R - 822E-09
3 _ = G1H=0% THRLoE80
_ABIT-0Y -.408E-09
- 1WI-TY —.196E-09
1HE- L127E-10
" L0
_ABIE-IY 3003
LBIE-8Y JB39E 09
LHIT-EY . 34TE-09
L r=a .106E-08
3
1 mm (a) 0.45ps (b) 1.0us
5 MRaly
1 VA
ty 1 0.6s - %275 - 26275
= 21021 =. 21021
=. 15766 =. 15766
| =.10612 = 10612
=. 05267 =. 05267
15 mm 3mm 6mm -, 29E-04 - 29E-04
Los217 L5217
. 10806 . 10806
15761 15761
L2105 L 21015 I
4 (a) 0.6us (b) 1.0 ps
3 4 3
3 b 0.45us a(mm) | r(mm) | Z(MRaly) | n(mm) | r(mm)
1.0us 1~10 15~20 5~45 0~7 8~18
4
[20-21] t;(mm) ri(mm) | Z(MRaly) t,(mm) ro( mm)
a 1 15 35 0 0
3 b 3 15 35 0 0
0.6us  1.0us 4 b c 6 15 35 0 0
d 6 15 35 3 12
e 6 15 35 5 16
f 10 20 45 7 18
2010.02

www.sensorworld.com.cn




5 a 4
519 mV
6 c d e f
c
436mV a
83mV
c 3 mm
12 mm
d
361mV c
320
E 160
1
® g
H
&
—160
—-320
0 25 50 75 100 125
FE  (ks)
5 a
300 T T T
200 4
100
5
E
o 0
& 4
H
=
400
-200
o 2ID &ID r'_'-IEI SID 1-;0 120
#ii {us)
6

75 mV

d
5mm 16 mm
6 e
288 mV
mV
f
e 83 mV
ANSYS
1
2 ANSYS
[1] . [31.
[2] )
2005,27(3):148-152.
[3] , , .
,2008, 30(3): 174-177.
[4] , , :
[ , 1999,21(11): 494-496.
[5] )
1995,17(1):1-4.
[6]

73

6f

148 mV

,2008,30(4):791-795.
[ .

[9].

[l ,

[1.

2010.02 SensorWorld

www.sensorworld.com.cn

©



2008, 27(5):338-344.

[7] : — 1.
,2009 38(3):141-148.

[8] Noboru Ichinose, Naohiko Miyamoto, Sadayuki Takahashi.

Ultrasonic transducers with functionally graded piezoelectric

ceramics[J]. Journal of the European Ceramic Society, 2004(24):
1681-1685.
[9 , :
,2005.
[10] :
2001,23(5): 198-201.
[11] R. Hill, S.A. Forsyth, P. Macey. Finite element modeling of
ultrasound, with reference to transducers and AE waves[J].
Ultrasonics, 2004, (42): 253-258.
[12] H. Fukutomi.
inspection system and numerical modeling of wave propagation for

[M].

0l :

Development of multifunctional ultrasonic

detection and sizing of flaws in field pipes with high accuracy and

efficiency[J].Annu  Res Rep Cent Res Inst Electr Power
Ind,2005:14-15.
[13] , , .
[31. ,2004,21(4): 76-79.
[14] , , .
[J1. , 2006, 30(2): 14-17.
[15] , , [M].

,2007.
[16] G.U.R. Yago, M.E.F. Francisco. Piezoelectric modeling using a
time domain finite element program[J]. Journal of the European
Ceramic Society,2007(27): 4153-4157.
[17] ANSYS
,2007, 26(6):1279-1289.
[18] F. Moser, L.J. Jacobs, Application of finite element methods to

[9].

study transient wave propagation in elastic wave-guides [J], Review
of Progress in Quantitative. NDE, 1998,(17):161-167.
[19] ANSYS  .ANSYS [M].
,2000.

[20] : :

,1994.
[21] N.J. Carino. The Impact-echo Method: An Overview[C].
Washington, D.C: May 21-23, 2001.

ANSYS

[M].

Finite element analysis of transient receiving performances
of PZT transducers

HE Tao-tao, LONG Shi-guo, LIU Peng, LI Yao
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Xiangtan University, Xiangtan 411105, China)

Abstract

Due to structural parameters and acoustic

impedance differences of piezoelectric transducers, unwanted

reflection and wave conversion of the receiving signals occur,
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which will reduce sensitivity and resolution of an ultrasonic
inspection system. The study is performed in this paper to
reduce these reflection differences with the usual way. With a
finite element modeling program ANSYS, several transducer
configurations with different damping structure parameters
and acoustic impedances are simulated. From the simulation,
the wave field and electric field snapshots and voltage
response waveforms are acquired , which make it possible to
pinpoint the causes of reflection. It is found that the proper
design can improve the performances of the transducers
significantly. The results show that the finite element method
is useful to the design analysis and can decrease the
development time and cost of the piezoelectric transducers
drastically

Keywords: piezoelectric transducer; coupling finite element

method; optimization; transient response
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