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Abstract

We constructed a Class I flextensional transducer, and analyzed the variation of the resonance
frequency of the transducer in relation to its structural and material variables. We used the FEM for
the analysis. Total length of the transducer, thickness and material properties of the shell have large
effects on the resonance frequency. While outer radius of the ceramic stack and material properties of
the ceramic stack have no effect on the resonance frequency. In addition, the validation of the FE
model was verified by manufacturing and comparison of the impedance analysis. Results of the present
work can be utilized to design a Class I flextensional transducers of various resonance frequency.
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Table 1. Material properties of the parts in the

transducer.
Young's modulus|Density |Poisson’s
(Pa) (kg/m)| ratio
Shell (Al 70.3E9 2,770 | 033
Endplate(S45C) 206.0E9 7,955 | 030
Insulator 80.0E9 7,500 0.30
Ceramic stack PZT-4




J. of KIEEME(in Korean), Vol. 22, No. 2, February 2009,

3. 83 g na

YutE 0 2 flextensional B&7]9 T3 FH
£ 449 A JAERE, & 21]1 flextensional 2

A2 flextensional "1%- =, 18)3 Breathing
‘:9} AZ Ay 74 ARz B
olFoloHi3l Ay dAFAAE 3d
el A1, 2 flextensional WER=9
HeE 4 F AY 3 barvt 23S Aoz
stete] HAEE o A (D= F¥E & Y0

Hﬂom rﬂ

:;Lz]

e -{N r& o @ ol rlr

&

fo = tS? / Y Shen W
Shetl 8 \; L 7 2 ) Shell
,where = thicknessoftheshell,
S = vwmber in series 3.0112, 5, 7, ...,
L = av0.5(a?+5%),
a = major axis length,
b = minor axis length,
Y gen = Young'smodulusoftheshell,
P s = Density of theshell
@ 4 (D 2 Wed Asn 43 A5R5

FFe wF FARL JRI} veilE dte 5
4e B Aolr}, ge® 49 breathing JAEFR
=9 3 FRee 459 o] & o JE
Ue eg A ()2 Eddn.
= 1 Y snen
f shetr, B 5T V D st )
BEE 99 4 (0% FIGG. A2 43 9%
ze] §A HEERE I FHSsE 4 LR B
EERE!
I .lg.emmt_f.
fCemmic 2 d P Ceramic (3)
, where d = thicknessoftheceramicstack,
Coramic = Young's modulusofthe ceramicstack,
D coumic = Density ofthecevamicstack
ey 99 (1), ), Q)AL AdF Ay H2

A 444 vEiAe A8 2 £ oy, 47
AgkE H ol A AFEA B FR2E MAE
flextensional ¥ 7o) daA= g H$EE9] o
Fg nesA RInE ARALL F4F ¢ do
v, &3 FI5E A E Erbesi

HA Al flextensional JFRE FF7L 20

Qole] MNERAE FA3 7
#Hastgo, AR 4 A A
A ¥WEv) o) 68 mm, Shell 7 8 mm, A&k
H%& HEA ¥4 42 mm, Endplate 10 mm,
Insulator 6 mmZ A&, 2 Zd3E 19
2-59 jebdleh 50 kHz7MAlY) 2#HE HE A
A BEre JAencE de AFR=gd T

kHz o4& ZE+=
7 AFREE

els el welA flextensional M§7) o] F
grol AuiE Qe FEe X E AL de T
#? g & A

WODAL SOLUTION
STEP=1
SUB =3
FREQ=21680
/EXEANDED

=1, 5!
SMN =.444£-Ds
SMX =1.5%

95-05 35334 5
176672 530007 883383

% 2. Wsir)e A 1 flextensional A FE.
Fig. 2. The first flextensional vibration mode of
the transducer.

" MOPAL SOLUTTON

FREQ=29040
JEXPANDER
ysu {BVG)
RSYS=0

X =2, 865
SUN =, TE3E-08
MK =7, 865

" sieass L$54838 1563 2 2,065

. W&ol A 2 flextensional D EERE=.
. The second flextensional vibration mode
of the transducer.



NOBAL SOLUTION

FREQ=35571
/EXEFANDED
usum [EXE
RS¥S=0

X =2.94

SMN =, T158-08
SMX w2 84

38 4. 9379 breathing W ERE,
Fig. 4. The breathing vibration mode of the

transducer.

(XL D]

5000
4500

i} 1060
580 1500

2000 3008 40040

2589 3580
FREQ

a8 5 V2R
Fig. 5. Impedance
model.

dAHx 5,

characteristics of the basic

HEos Wy A4 delw: JeRdd 15
2090 24 & 102 mm, 136 mmg) E2& 743
o Fog Wilg AASPY G 2E A5-ES
Wy WA dolrt 278l vk wledon 2
NN M@ AR =y Frle] wE Fog
WaE #Esux Aok 1¥ 69 AFAE B9
WE7l @A Aozt F/AEel @& Class 1
flextensional ¥ 3k719] T2 Falpe FAsA 72

&t JEAE AT ole FA (DA
W7 AA Aoyt Frtetd

49
21 A

o sFed Class I flextensional #37]2]
FR FHprt Aadte Aeg Awd ¢ gl

7AAA S =EX, A02A A2E, 20094 24

10000 4
—
2
<, 1000
5]
2
<
=
53
£
&5 1004 Total lenth=68mm
Total lenth=102mm
wwwww - Total fenth=136mm
T T H H 1 T
0 10 20 30 40 50

Frequency [kHz]

g 6. AP AA dold] mE T Fu Wk
Fig. 6. Resonance frequency vs. total length of
the transducer.

4 FA g o0& FH il
st e ¥sEe 25 AL, 49 F
A 6, 8 10 mmi 2
HaE g 4 F
2 FAAT Wl ”‘94 S 7
Boul e golen, 29 74 H, 4
o FA7L eSS FH T e 7
S HedrEd, flextensional HE71e T
49 FH Foag g g deg wE
o, 2 (el M vehiE AAY 4 FA7E Fota
W oAe I Fugrr FUbstA 5ol ]
Kl

FrhetE ARe BT

A .
T

N

v
|
10000
=
oL
i 1006 4
[
g
=
o
=N
E 1004
Shelf thickness=6mm
Shell thickness=8mm
~ Shelf thickness=10mm
T H T T
0 10 20 30 40 50
Frequency [kHz]
ad 7. 4 FA9 e ¥ Fos ¥5

Fig. 7. Resonance frequency vs. thickness of

the shell.



J. of KIEEME(in Korean), Vol. 22, No. 2, February 2009.
oz do EAL WUIA7HA T Fu
F H3lE BMEEc 49 FHFEE gdvdoe=
FEF &% WEHrel HE sEF Aluminum,
Graphite, GRP(Glass Reinforced Plastic), S-Glass,
Steel, Titanium®] 6712 A n, ol EAS
X 2o veERRTh A9 A Fa, de] Aol
GRPY W &3 F357F 71 ¥ 5, Graphited
W A 2e e vEdied Fo] Aue

|, o1
49 ggol ¥ YET} 5254% B Fue)

e
B
o
rir
£
=
B
ot
ot M
B
2
e
o
fixs

Impedance [Arb.]

Frequency [kHz]
a8 8. 4 244 48 FY Fo Wz
Fig. 8. Resonance frequency vs. material
properties of the shell.
¥ 2.4 &4 4E THE F5 wg
Table 2. Variation of resonance frequency in
relation to material properties of the
shell.
Young's Density |Paisson’st  Resonance
modulus (GPa)| (kg/m® | ratio  frequency (kHz)
JAluminum| 70.3 2770 0.33 217
Graphite 110.0 1500 0.41 242
GRP 274 1920 0.25 18.5
S-Glass 480 2000 0.26 213
Steel 210.0 7500 0.30 232
Titanium 110.0 4,400 0.33 22.0
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Unit Value
kay 0.70
Coupling factors

R, 0.48

Frequenc
auency m- Hz N, 2,090

constants
Dley 1590

Dielectric constants
edh/e, (1470
dy -135
Piczoelectric charge) 1
d. 31

constants 1077(C/N) 33 0
dis 510
VE =1/s%] 82
Young's modulus | 100 N/ m?)| Y5 = 1/s5| 68
YSa = 1/5?5 26
Poisson’s ratio v 0.29
Density kgl m® o 7,800
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Table 4. Material properties of the ceramic stack.
PZT-4 [PZT-5A| PZT-5H| PZT-8 | C-213
¢k | 139 | 121 | 126 | 149 | 1458
cEop s |t b1 | o132 | 1308
cf | 2% | 211 | 230 | 313 | 26
ck o1 306 | 226 | 235 | 340 | 3.7
cE | 778 | 754 | 795 | 811 | 822
ek | 743 | 752 | 841 | 811 | 856
e5,/eq] 635 | 830 | 1470 | 600 | 736
e /e, 730 | 916 | 1700 [ 900 | 826
eq | 52 | 54 | 655 | 41 | 424
ey | 151 | 158 | 233 | 140 | 1728
es | 127 | 123 | 170 | 103 | 1326
p | 7500 | 7,750 | 7,500 | 7,600 | 7,800
e/ ey - relative dielectric constant, clamped.

£,= 8.854x10 "2[C¥ Nm?

e . piezoelectric stress constants at constant
electric field [C/m]

c® . elastic stiffness at constant electric field
10" N/m

o ¢ density [kg/m’)
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Fig. 10. Resonance frequency vs. material

properties of the ceramic stack.
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