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Development of 1-3 Piezocomposite Ultrasonic Transducers by means
of the Finite Element Method
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In this study, a 1-3 piezo-composite single element ultrasonic transducer was designed with a commercial
finite element analysis (FEA) code. PZflex and developed based on this design. Design with FEA could be
performed overcoming many constraints of the typical theoretical method. and also was very practical.
Validity of the design with the FEA was illustrated through experimental characterization of fabricated 1-3

piezo-composites and ultrasenic transducers., Through comparisen with the result of the theoretical method,
we confirmed the superiority of the design method using FEA.

Keywords: 1-3 piezocomposite. ultrasonic probe. finite element analysis
ASK subject classification: Ultrasonic and Elastic Wave (4.1}
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Table 1. Matenal properties of the polymer,

material properties of polyimer phase value
vl {m/s) 2506.0
vs (m/s) 1170.0

al (dB/mm at TMHz) 5.6

as (dB/mm at TMHz) 22.6
density (kg/m3) 1237.0
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Fig 1. Schematic structure of the disk type 1-3
piezocomposite,
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Fig. 2. Change of the resonant frequency with ceramic
volume fraction.
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Table 2. Resonance frequency of the 1-3 piezocompasite with
ceramic volume fraction.

ZZ?E: pitch aspsct £ kHD | 4 kH2)
fraction [¢3) (mm) ratio ] 1" ’
35 0.490 0.097 480.00 | B87.15
40 0.544 0.115 | 481.76 | 604.81
45 0,608 0.136 486,36 | 613.89
50 0.683 0.161 | 485.37 | 618.65
55 0.774 0.19 499,82 | 615.55
60 0.887 0.229 505.33 | 623.73
65 1.032 0.277 | 5056.51 | 619.39
70 1.224 0.341 | 509.91 | 629.67
75 1.493 0.431 | 511.45 | 610.13
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Table 3. Resonance frequency of the 1-3 piezocomposite with
the aspect ratio of the ceramic rod.

aspect ratio th;tr‘.:;iss £ (kHz) fo (kHz)
0.10 6.873 217.45 271.53
0.15 4,582 328,46 403,35
0.20 3.437 438.41 539.70
0.25 2.749 544.47 672.67
0.30 2.291 648.67 804.45
0.35 1.964 748.77 930.09
0.40 1.718 863.48 1058.30
0.45 1.527 947.46 1173.20
0.50 1.375 1047.60 1286.60

o] ¥Ho] Hu) EgolM o274 FMoM Aetd] F
2u|7} 3538 Folof goke 2AS WEA7]7] £3)
7] wjEolch, AA| dice and fill Yol & 1-3§ YA
B Q) Aol 9ol Hete] FHU)E 0,15 o|&= 8
H2 uf, Azte) ool Fuat 2L FAHR sk
AE & Espr)7t vl oo whetd & 29 Algt
9] B9 E-&5F 50% ©|3te) AlH-E A EA7E o

244 —O— FEAresult
|| —O— theoretical result

0
e
e

/@/

-

T T T T T T T

30 40 50 60 70 80
ceramic volume fraction[%)]

- - - N N
ES @ > > IN]
i i 1 N L

acouslic impedance Z [Mrayl)

)
1

(a) acoustic impedance

070

] —O—FEATesult
—O— theoretical result

068

066
064 7
L% o /

o 8]
0624 o— ~g
d
060

a
0.58

BN OO0

T T T Y N
30 40 50 60 70 80

ceramic volume fraction[%]
(b} electro-mechanical coupling coef.
Ol 3, M2ie| SOl €2 8 s,
Fig. 3. Change of the characteristics of the 1-3
piezocomposite with ceramic volume fraction,
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Table 4. Equivalent material properties of the 1-3

piezocomposite.
theoretical .
material properties| equivalent FEA eq:leaIent
value value
c11E (1010 N/m2) 1.04 0.63
¢12E (1010 N/m2) - 0.01
¢13E (1010 N/m2) - 0.01
c33E (1010 N/m2) 4.17 4.30
c44E (1010 N/m2) - 0.02
cB6E (1010 N/m2) - 0.26
e15 (C/m2) - 0.02
e31 (C/m2) -0.46 -0.43
@33 (C/m2) 11.62 10
€118 /eo - 0.01
£33S /0 498.40 354
density {kg/m3) 5144.80 5144.80
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Table 5. material properties of the acoustic matching Jayers
and backing material.

density a a.

Ut Uy N
(kg/m®) | (s} (mvs) | (dB/mm) | (dB/mm)

lst matching | o860 |2224|1112] 1.02 | 4.50

layer
2nd matching

laye- 1150 {2198 11001 1.10 5.10
. backing 5769 11602; - 4.70 -
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