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Abstract Effects of the shape and size of the piezoelectric materials on the performance of tonpilz transducers were
studied with a computer simulation using a finite element method (FEM). The diameter and height of the donut-shaped
piezoelectric ceramics head mass were changed as variables. And the effect of the stack number was also investigated.
Finally, if the piezoelectric ceramics were changed to a piezoelectric single crystal having high piezoelectric constants, how
the performances especially, the output power and the TVR transmittance were affected was simulated by FEM. As a
result, the output of transducer could be increased to 10 times of PZT-4 with replacement of relaxor single crystal of the
same size.
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Table 1
Materials used and their physical constants for these simulations

A bolt(steel)

tail mass(steel)

PZT-4
rotational head mass(aluminum)
symmetric 5]
Z-axis N4
|

(a)

(b)

Fig. 1. (a) Geometrical dimensions and designations of compo-
nents of tonpilz transducer and (b) its 3-dimensional shape.
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Fig. 2. Change of transmitting voltage response (TVR) of tonpilz transducers with various compressive pre-stress on the piezoelectric
stacks by the bolt and the head mass shown in Fig. 1(a) as a function of frequency.

548 W =As. 1 A%, T 54e
o Feabl e 1T AT 29
HE 450 Tasl 9gshl derdth ol
ARl el 45go] EALAFAY FHo w3
S

o] mvjghs HolFaL Sl

fF =0 I oo

3.2. Stack =719 a3

TVR(transmitting voltage response)> 1 HES| Wi
AU Vi) 7SS o 198 Eofzl oA
298 FEE g thest Lo) Fok) R X

0 gPRMS/ VRMS

1
1puPaVv' %

o714 Ppys head mass St 1 m |X|of|A 9] 5<toltt.
TVRe] F3 oj&4L 53] % 227 2719 o)
S Z(band-widthygs 2A3h= F83 AA=EZA = A
=7 £3dB We] & kg Wslele ikt oS B
5 Y Z(bandwidth)©. = A oJsic}. PZT-49] Y& 2A
@mm)yS = §Ag A, 97 v 12, 14, 16 mm

71 FEtiS wle] Fupe] wE £83 TVR 54
< Fig. 39 YeERASALE.

Fig. 3(a), 3(c), 3(e)°IX & 4 U%o] PZT-4 A=A
o] &7d0] F7Igtel wel E¥o] HlFEst Flehe &
Jol Uehgtom FAl o] Hurt He Tk
2 Zo0F olFsl zt7t 36, 42, 47 kHzollA ZHzb
0.15, 032, 0.65mW<| Hd| Z¥€zkS Yepir it
SHH, g9 F(Ay> 22 kHzOIA £3dB7F HE 99o=
Q)73e] F7ret A FHastd=tl Fig. 3(b), 3(d), 3()
oA #zE= wkel 7o) Zhz)b 88.1, 84.5, 532 %= %
aake A4S YeRAAT Wb, stacke] EolE %4
S WHORE stacke] Zo|E AL I FE =7
WS} stacke] 5 IASIA EolE HIATIE W
o] A}, ool tigt HAFL I8l stacke] FE =
= AE A3E Fig 400l AL stacke] E0l&
WA 7= RARSE A3E Fig. 590 282 YeRpQi.

Fig. 4%} Fig. 59] RAMAAE H|ws|RmA, stacke] 4
S o= WHF stacke] 5 S8l Wil A9 f
Abet @95 YRS RIS 4=t =, stack®] &
1.5u09} vl 2 E2)¥ Fig. 3(a)2} Fig. 4(a) 2 4(c)llA
I g ko] 8ol A 1.5u9} 2viE F7lshd

% rr

¢

|



142

Total Radiated Power

— Total radiated power

Ptot (mW)

40 50 60

30
f (kHz)
(a)

Total Radiated Power

— Total radiated power

0.32

03
0.28
0.26
0.24
0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

Ptot (mW)

50

10 20 40 60

30
f (kHz)
(o)

Total Radiated Power

— Total radiated power

0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Ptot (mW)

] —

10 20

40 50 60

30
f (kHz)

(e)

TVR (dB rel. 1pPa/V)

TVR (dB rel. 1Pa/V)

TVR (dB rel. 14Pa/V)

Jin-Won Seo, Kyoon Choi and Ho-Yong Lee

Transmitting Voltage Response

135
130
125
120
115
110
105
100
95
90
85
80

Fo = 22kHz &
A=881%

>l<l> |«
>l<l> |«
>l<l= |«

| — Transmitting Voltage Response (TVR)

30 40

20
f (kHz)
(b)

Transmitting Voltage Response

135
130
125
120

115

110
105

Fo = 22kHz &
A=845%

100
95

>|<€|>|€
>1<€|>|€
>|<€]|>|€

90
85

l — Transmitting Voltage Response (TVR)

80

10 30 40

20
f (kHz)
(d)

Transmitting Voltage Response

140
135
130
125
120
115
110
105
100
95
90
85
80

Fo = 22kHz &
A=53.2%

>l<l> 1<
>l<l>|<
>l<l= 1<

[ — Transmitting Voltage Response (TVR)

10 30 40

20
f (kHz)

()

Fig. 3. Change of total radiated power (a, c, €) and transmitting voltage response (TVR) (b, d, f) of tonpilz transducers as a function of
frequency with varying outer diameter from 12 mm (a, b), 14 mm (c, d) to 16 mm (e, f) of the piezoelectric stacks.
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Fig. 4. Change of total radiated power (a, ¢) and transmitting voltage response (TVR) (b, d) of tonpilz transducers as a function of
the piezoelectric stack number from 4 (Fig. 3(a), 3(b)), 6(a, b) to 8(c, d) of the same thickness.
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Fig. 6. Change of total radiated power (a) and transmitting voltage response (TVR) (b) of tonpilz transducers by the replacement of
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