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Study on the Wideband Tonpilz Transducer with a
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ABSTRACT: In this work, we present an underwater acoustic transducer with a cavity-type head mass to achieve
a wide frequency bandwidth. We analyzed the effects of design variables on the transducer characteristics, and
optimized the structure of the Tonpilz transducer based on the analysis results. Further, validity of the design was
verified by manufacturing a prototype of the transducer and measuring its properties. The designed transducer had
a far wider -6 dB fractional bandwidth which is 131 % than that of a single mode transducer, and the measured
results were confirmed to be in good agreement with the analysis results.
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Fig. 1. Finite element model of the Tonpilz transducer.

Table 1. Material properties of the transducer’s
components.

Transducer Young’s Poisson’s ratio Density

component | modulus [GPa] [ke/m’]

Head mass 68.9 0.33 2,700
Tail mass 104.0 0.33 8,800
Tie rod 128 0.30 8,250
Acoustic 02 048 1,060
window

Drive section 1-3 piezoelectric composite!'”
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Table 2. Variation range of the structural variables.

Normalization | Head mass Upper plate Tail mass
factor thickness (mm) | thickness (mm) | thickness (mm)
-1.0 15.6 35 14.0
-0.5 17.6 4.0 15.0
0.0 (basic) 19.6 4.5 16.0
0.5 21.6 5.0 17.0
1.0 23.6 55 18.0
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Fig. 2. TVR spectra in accordance with the variation
of the head mass thickness.

AL wheh AAERY Haga Hojghe
107} 1,008, 7]2 malo] 2232 (02 A3}t
ArR EHAR A B4 WekE fhd 0.2 BAjs)

7] 918 A 5F8HE %) £0.50] Thah A = FATAA
82 o] §3to] BATA A58 AR O, F
29749] A9-52 B

23t & FAL Ea) A E WO Yo Ao E
X2 4] ©] Transmitting Voltage Response (TVR) A3 E
HS 189l o, £ E TVR A8 EF-S Table 20
FEASE 7| ] o] A Zuldof T 8 A 413)5)o]
ekt

3 A AA WLl AES T 0] W] 2
TVR AH E & 9] W3} Fig 29} Zrom, o]7|A] -6
dB Y23t FAIF B Fup By et
Zahpe] Wk rzh% 25}o] Fig 30] B 2 e}

1.30 4
|
/ \.
1.25 4 n
i
=l
o]
N 1.20
E
g ||
3
Z 1154 /
|
1.10 : ; : : : )
156 176 196 216 236
Head mass thickness [mm]
(a)
1.10+
L
1.08 | / u
u
s
B 1.06
N
=
E 1044 n
o
Z /
1.024
n
156 176 196 216 236
Head mass thickness [mm]
(b)
0.52
0.50
~0.48 4
ST
k=l
o}
N 046 g
S —H— g =
T 0.44
3
z
0.42
0.40 T "

T T T T
156 176 196 216 236
Head mass thickness [mm]

(c)

Fig. 3. Variation of Tonpilz properties in accordance
with the variation of the head mass thickness: (a) Af,
(b) fe, (c) fi.

e A

o
=
o =
2 =

=35 mm0ﬂ/\1 5.5 mm7}A] 0.5 mm7b2 O 2 HIHA|
#7h TVR #1817 g2 sfots} =
o) vk Fig 49), o453} 3475145, o3t
4] sl ek Fig 5ol 212} Lhehgich. e

ApER] 7745 mmel A Th e} Eo] Hh7h ) A
2 Bhol3t 4= glon], Ml Ao £A7t £79)
W42 SRR} ol e el Ee) 7



150

140 1

130 4

120 4

110 4

TVR [dB re 1uPa/V @ 1m]

100

233 AHEE 71 Tonpilz ER;ATA oA

- - Upper plate thickness
- - - Upper plate thickness
—-— Upper plate thickness
- Upper plate thickness

—— Upper plate thickness: 3.5mm

Fig. 4. TVR spectra in accordance with the variation

04

T T
0.8 1.2 1.6

Normalized frequency

of the upper plate thickness.

97

—— Tail mass thickness: 14.0mm
- - Tail mass thickness: 15.0mm

- - -- Tail mass thickness: 16.0mm
—-— Tail mass thickness: 17.0mm
e Tail mass thickness: 18.0mm

1504
g
. 140
®
2
< 1304
=]
3.
L 1204
:4.0mm m
:4.5mm =
< 1104
:5.0mm a2
s >
:5.5mm =
1 100
2.0

0.8 12 1.6
Normalized frequency

of the tail mass thickness.

1.30 1.35
. 1.30]
-9 u
B T-pm .
\@ // \\\ “‘Q\ e ]
= . N 1.25 n
3] u ™ 8 -
N 1204 u IS -
= = ~
g & 1.20 7
g "
— =
£ 115 >
Z 145
1.10 . T . ; . : 1.10 . T T T T
3.5 4 45 5 55 14 15 16 17 18
Upper plate thickness [mm] Tail mass thickness [mm]
(a) (a)
112+ 1.14 4
1.124
1.104
o 110
: 1.08- S =~ o5 = .
51 — — 3 1 o u
2 .\\ < 10 e
1.06 = 1.06
=) N =] //
5 | =} | |
3 S 1.04-
1.04 z
1.02
1.02 T : . ; T : 1.00 : T . T y
35 4 4.5 5 55 14 15 16 17 18
Upper plate thickness [mm] Tail mass thickness [mm]
(b) (b)
0.52 0.50 -
0.50
0.48 1
0481 “
e =
53 . o
N 046 pa— N 046
E e ——n——nm =
a—8—n g
£ 0441 £ " .
o (]
Z Z, 044+
0.42
0.40 . . . ; T : 0.42 . T T
35 4 4.5 5 55

Fig. 5. Variation of Tonpilz properties in accordance
with the variation of the upper plate thickness: (a) Af,

(b) fo, (c) fi.

Upper plate thickness [mm]

(c)

(b) fe. (c) fi.

. .
14 15 16 17 18
Tail mass thickness [mm]

(c)

20

Fig. 6. TVR spectra in accordance with the variation

Fig. 7. Variation of Tonpilz properties in accordance
with the variation of the tail mass thickness: (a) Af,

The Journal of the Acoustical Society of Korea V0l.33, No.2 (2014)



o] FAFT=0] ol B3 0 & et A
=5 AUtk

npA ko = Al WA A a9l SHE SIS
14.0mmol| 4] 18.0mm7}14] 1.0mm7+H2 © & ¥ 5}A]
74 TVR 22 E & o] H35lE Fig, 6, Eﬁﬂgﬁ‘ﬂ} e
SFubE, 18 Al siekubaro] WS Fig 7
Zvo| HAlshoih Tu o] i) 17 mmoﬂ/ﬂ EH‘E}‘E‘
o] F 7 HE= A Qlgh 4= Qlom, HHE =7
L R P R A B % M L e
9] H3}7} oju|slo] ZAZEuls=9] @g}ﬂs}:o] I
Z o] MBlARES et AL 2 S

o oSt

_(:;I

'l__
O
=%

Ao o] £,
0] 7] Wislo] e EalAF AR 54 oS
AALE Sl s 817141S AAlsh e
202 AHgEE A o) B ‘
B2 A1y ek

y= alx% + ang + agx?; + b2, +byxy + by

M

+ 02Ty + CoT T T C3T0T4 +d

A7V A ay, ay, az, by, by, by, €4, gy &, di= S| F| A G0]
AL, @y, @y, wy= AAAFO TR A(DE 0]-8-35H 9
HPYAE BRI, MR HLAY, o, o)
o Are A GLAT(ay, ay, ag)= AR A H
th. o= Aol A= B4 2y, 2y, 2,2] 27} BHY
et o A2 ol 2 E2SsA Y flR &5
A5 5 shuk 29 o] 7kt =" = A7F

H 0] W Shof wha ohefRl A oFo] yrehdThH A(1)

= o83t A= 2T 3] A2 A o] o F k. whEhA
2 Ao A= B HA] Al S A A
7hohd o Ao oz st A 317
Y& A2t o]l MEsIATh a;, ay, as, by, by, b,
C1s Co» C3 Ay €15 1 [os f30 915 92> 35 s 15 s J3s Kot Ky

ks, ks ks, ko= S| FAIO .

Ot S EelRIX] H33@ M2 (2014)

Y =a,2? + agrl + agrs + by, + byt +byas
2.2 2
+ 21Ty x4+ C3Toxy + d e xThTs
2.2 2.2 2.2 2
+ froiaesrs + forie,ry + faraas + g wiearg (2)
2 2 . 9.9
+ 9571 25T5 + G371 ToT3 T hT 1 THTs + 517125

+j2x%x§ +j3x§x§ + kle% + kafxg + k.

%@% 3| R4 WS 2,9} 2, B 12 713}
219 Al GdAETE ofd AeEY 3
(a1+€1+f1+f2+gl+jl+j2+k: +h)OE #F
o wheba] Q)= R A1 9] vhekRt Aol 3
A 7FsstE R, A(2)F ol-8-sto] 3l92AS X8
Aok HA7 2 AMESLY] 91RE Ao} ARk
ARSI 91%E £, £ 210) ~ (5)9F Eo] =8It

1‘ 1:u rﬂ ot

Af=—1472.12] —928.525 — 527.923
+1961.82, —111.6x, +984.2z,
—276.82,15+1423.52, 15 —446.42,74
+31169.4 4 3128 .4afr3w;
+1179. 1x1x2x5 +277. 3x1x2x3
—4128.1x1x2x3 +395. 7x1x2x3 3)
—932.07,251; — 326.77,2,77
—61.62,297, — 2340.62325 +0.02723
+0.02322 + 0.0222, — 2006.6252,

+ O.Oz2x1 + 0.0x2x3 + 4015.8x3x1
+384.1257,,

f.=—671.527 —351.823 — 287.022 + 885.8z,
—217.22,+463.8x5 — 50.5zx,
+688.4x, 15 — 22857515 + 26897.1
+ 1691.8xfz§x§ +637. 7x%x§x3 + 65.Oxfx2x§
— 1871.62 2523 +205.8¢ x,1, — 46151, 757, (4)
- 146.2.1,1.1213 16.6z,x575 —1330. 6223
+0.0x77; +0.02575 +0.0252, — 1046.6252,
+ 0.0xgxl + 0.0xgxg
+1768.7x3x, 4 240.523x,,

f1 =64.52% +112.725 — 22.6235 — 94.87,
—161.22, —28.4x, +88.3x 1, — 2247 7,4
—5.61y1, +11312.2+130.8x]x52]
+45.92% 052, — 73.307 1,15 +192.62 2523
+ 8.5xfx2x3 +3. 5x1x3x3 +16. 8x1x2x§ ©)
+14.2x 2515 — 164. 22222 +0. Ox1x3
+ 0.0xgx?; +0.023z, — 40.9x1x3 +0.0z3z,
+0.0257, — 240.0x57, +48. 1237,



1509 FEA TVR of the basic model
- - -FEA TVR of the optimized model

140 4

130+

120+

TVR [dB re 1pPa/V @ 1m]

110 - T T T
0.4 0.8 12 1.6

Nomalized frequency

Fig. 8. Comparison of TVR spectra of the basic and
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