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Analysis of the Resonant Characteristics of a Tonpilz
Transducer with a Fixed Tail Mass by the
Equivalent Circuit Approach
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In this paper, the resonant characteristic of a Tonpilz transducer with a fixed tail mass has been studied by means
of an equivalent circuit approach, An equivalent circuit has been designed to describe the characteristic of a Tonpilz
transducer that has an additional resonance because of its fixed tail mass, The transmitting voltage response of
the transducer calculated by the designed circuit has been compared with that by the FEA (finite element analysis)
to confirm the validity of the circuit, This equivalent circuit approach produces identical results with the FEA, in
which the variation of resonant frequencies and TVR has been clearly figured out in relation to the stiffness of the
mounting fixture and the mass of the tail mass, The suggested equivalent circuit can be utilized to figure out the
characteristics of the Tonpilz transducer more efficiently than FEA that requires much calculation time and revision
of the models in accordance with the variation of design variables,

Keywords. Equivalent circuit, Transducer, Tonpilz, Multi—mode Transducer

ASK subject classification. Underwater Acoustics (5,6)

L M2 (FEM), A 84 iAW (BEM) o Qletl, L FollA]

RS FdoH 840 A7 AFsIhd =2 e

5% o ERATA Y A A Tharst a4 HS & B o 9l et 84 sS40l ANSYS, PZ-
olgale] 15 B4 B B, g Abgme vy flex 5O ASLRATS T8 ol ol FaL Ak o
HEREE S7IERE olgeh ¥, R3 94 oy 2aF 95t @A FAAHL B FAF] EAEA Q)
zag ’SH“ WéOl Hdﬂ%ﬂ, AdAzte] 23 A

MOITAL = 2 2 (yryong@knu.ac.kr)
CITAl 27 A4S 1370 Z=E0SD 7|7 28} iA=L
(M3} 053—-950—6828; BA: 053—943—-8716)



A2 SA9F & e SFmol A o AlFERI7E 7}
SIThE AP0 Q1 Tonpilz ERAFTA JA] 73t
SRS Sl e ST A WaeEe] Al 9%
o] FAE|RIC [1]. o Tonpilzof thgt GtofAf= 1
3 (tail mass)E BHIAIR 1174 Al 020 HAYsH=
Fafpol|A 0] FREASS efekal, S Wste] uE
A sl 432 Tholsp] 918 S3H 4RSS v
2o g mElgsto] ALE QI 7?_]'8_:_3}] Me B
A7} 117 % Tonpilz EHAFTA S AL 54 A
& wots}r] il A a4 Wil ThE 3t an
o 4 At B2 Alto] Baste A st Aok
& Tlofapy] $1a W Eel dole) A2l 2 Yol S
AR ghth= Tlo] itk

HidHo 57H8] = sjA S EfliAmA ) gato] B4t
sto] ol VS PR A8 ke =551 ol gAY
=9 At (mode coupling)o] HAgste] U A5

H=sfior sk 497t 0}‘/]‘3}% H| A 7hesk ALk

r oN
o \TO

b o

ol

22 o3t o] Fus| ATE A, chof T2
5 £ SUATAC) 57131 202 ols] 2hyelo
FeuT Gl Agoln [2-5], Aol 55 ALk Ax
Sl s 13 9 el 54S M o
= BT A AAZ S8 Q1 HEY] MR Tel
of EARAL] S4E AnAoR BataiA sofdt
S F7k8)2 AA WHE A7Eee (6,7,

wfehA] £ =Bl £ A5o] A Aol Gt
2 SO BT v Qs 9% 1A Tonpilz
ERATAL A EAS kst 145 step
371 18l 3471 29 Tonpilz EUAFAHO 4
o 571elRe masid 1), RUYE 5
%}oﬂ G

mitting voltage response)%k-o— EE5h= Wk ﬂ/‘] st
e ol O3 201 7 345 55
+ Tonpilz E;AFA O tfsf] 8.+
7|7 93t L2 A WEke AR}
Nzt ARHoR AEE S S-S Bt

_\ﬂ
il FIV

S71RIZE 0|83 $HE DM Tonpilz EHATAMS| X SA oM 345

II, Tonpilz EWATA| O] IHX 1170]
oot X1 E%d

E“*Xﬂi o|-g3to] FHFE AR Tonpilz EH

£ 2 13 o) 23441 3 e v

g9
i)
rlr
o
i
i)
S
—i (
=)
>

I 5
l_i
—°F
%
g
1o
-

l-ﬁ_l_oH*“ S =
7} 113 % Tonpilz EH
0] oJSkS- m|x

v o

&S5A9 S B4 2 Ae Was
S0 Ak} g A 9] 744 (stiffness)o]2hal A+t
S QAet (1. 1% 19 ¥ 7FA] Tonpilz f3Ha xR0 A]
FERL Hukgo] Baukgke. 71x|= 979] PZT Ak
0]o] A& JLZZ o]Fojz] 9lon] THE X|X| HE A
Q5 BE HHo| YFol X4l Fsh # 19 L}EMJ
c). Fwio] HAE AL 247} e A1 TES
1%3% EWATAE 317g5}0] XEOﬂ
S JLefstofof qit}. whebA 3 10 #A
(Young's modulus)o]] H3}S F0]
2o rN A or s FUTH
equivalent stiffness)Zte 7 =S o449l
ge A5k} o]ef e 95tg Amdlol
AE A RSk 2] 8 2 ghol 542
—71‘——4—7— S0 2 Abol7} gl Aot 714
Sfgtolrt, 7} male] 542 17 29} o
; E 220 ST fekes: me) 23}
a9 394 %‘lﬂ‘ﬂi iJiLE«d a9 494 TVR

Y
mlo Rt -
N?;E

o o
=
1o
iy
©
of2
)

T
a2

o L oii:
N
B3
o,
PEI & o FI
ox m\!
N _,
‘1> 1_

ox
rlo
™
OHI

o o wx Ho 01rl Mo o L
T
=)
oy
OPH

o
olN

ol
o

R

o 2
m?n
i

fi
o

1le>=°L_'
o
l>;.=1mm

b
it
QL
N

R

[
o
E’l
N
ot
R
—1N
J,z
.1
2
Bl
Y 1o [
PU
|
oflt
0>~

g, 13 31—]- ZLEl 49] Ful> 22 Tonpilz
Aol % g BAETe A oz
o, 79 5ollA FAE BT ¢S 1Y

Tonpilz ERATA Y A4S, shbsts et 51

ﬂ;&nllo

o _L4 rll‘

(Axis symmetry)

Tailmass

Model 1 Model 2 Model 3 Model 4

J2! 1. CREsE XIXITZ2| Tonpilz EMARAS| 314 2H
Fig. 1. FEA models of Tonpilz transducers with different
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I 1. Tonpilz EMARAMS M 2t
Table 1. Material property of the Tonpilz transducer.

Parts Head mass Drive section Tail mass Fixing structure
Material Aluminum PZT4 Steel Modified plastic
Density [ ka/m® ] 2,700 7,500 7,700 1,180
Poisson ratio 0.33 0.28 0.4
Young's modulus (GPa) 69 195 ( modified )

Thickness [ mm 1] 75 20.0 22.0

Inner radius [ mm ] 1.75

Quter radius [ mm ] 14.0 7.75 11.0

( Axis symmetry)
& 1M+ o
Infinite boundary condition © E e %g gg{ é

E —+— Model 3
E —-— Model 4
&
E100k 4
(o] ]
8 i
<
(&)
o
£
10k

Tonpilz transducer

<+—— Fixture

a8 2. SMMe| EHEIF IHE Tonpilz EHARA 84
oy

Fig. 2. FEA model of Tonpilz transducers with water & a
fixed tail mass.
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Fig. 7. T network equivalent circuit of the Tonpilz transducer with a fixed tail mass.
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Fig. 8. The lumped element equivalent circuit of the Tonpilz
transducer with a fixed tail mass.
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Fig. 10. Variation of the TVR spectrum in accordance with
the stiffness of the tube.
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the mass of the tail mass.

Table 2. Calculation time comparison between analysis by equivalent circuit and FEA.
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