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Design and Simulation of a Broadband Sonar Transducer and the Experimental
Validation
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Knowledge of broadband transducers is a new technology in the field of sonar science. Considering that
Received 12 March 2016 Iran has sea water resources, its importance becomes more and more. In this article, after studying the
Accepted 20 April 2016 performance of the kinds of transducers in the field of sonar transducers, a proper broadband transducer

Available Online 25 May 2016 with the specific impedance and acoustical characteristics that can send and receive signals, is designed,

simulated, fabricated and tested. At first, overall dimension of a broadband transducer with lumped

%'szzdcse'r parameter model and electrical equivalent circuit model was approximated and then, with increasing the
Tonpilz degrees of freedom of analytical models, all characteristics of the optimum transducer parts were
Resonance Frequency obtained in order to have a large bandwidth. By using finite element software (COMSOL
Electrical Impedance Multiphysics), the designed model was simulated and the obtained results have been compared with

Transmitting Voltage Response analytical design solution. Finally, the transducer was fabricated and tested in order to validate the

modeled and simulated data by comparing them with practical ones. The obtained experimental results
showed that the simulation with COMSOL Multiphysics can predict the resonance frequency and
maximum transmitting voltage response (TVR) of the broad bandwidth transducer with reasonable
precision. The prediction error of resonance frequency and maximum TVR by COMSOL is 3.8% and
5.7%, respectively. The use of lumped parameter and electrical equivalent circuit models gives an initial
approximation for transducer dimensions, but in determination of the resonance frequency and the
frequency of maximum TVR has a higher error in comparison with the finite element method.
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Fig. 3 The lumped parameter model of a transducer [2]
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Fig. 4 The electrical equivalent circuit of a transducer in
sending state [2]

[2] (Saip o 5 puganils Jobes e Joo 4 JS

5 o)leiis 16 095 1395 Al po (e SuilSe wiie

%4
RVS = 20log ( P”“S) ©)

ref
et el gl Gyo sldarie Sols (5) b (1) Ly,
Jowe &5 el ol (oSl Guslagel Gugiadl s S (S Sl dasin
S il LS o aseiie |y uilig psl g (milisy slauils
Wy s Fole dsdige iy (6) sabnl, Djgon & pugadl
[18] sl (lou) & 31 (2955 Ol 4 (Vin) wgaonsls 2 (5395
z=-n (6)

oSS Jolxo ke 3 55 pao il (g3l Jure ~1-2
Sl sy el iy =SS = Sl s S gpinl
oo a5 J5 S 5o 3 S iS5l (3o 4 908 58 pate
b Gye 9 Sl izl Rl b plpee (SopsIl Jolae
Sl (A (slo el e 5588 5 5 (A sloglal
Sly 5w o8 JoSo (g, 99 Gal 1951 s @y ygianilys Sl g e
Sloads 0318 sl 02 b ¢ yige S0

@, Gloe sy 59 Gl b sl il gl L5 2l o
el azye Sy oole il de SO al & sl Sjse o)
Slal g plosl el G Slss 5 Al oy Jolds Lol &5 pusgyondl s
< izl Slasein Yoars oo Cass & pugiandly (Lol glizl (o s&5
Joe oil anslas 1) p3Y s canl Sen g a5 odal s
1 slodSo 50 oy 4 puganndl i (S0 Sl Jolee jlae 5 55 pete 12l )y
Joe o (g5, bl b allis pym 1 USG50 cewloads ools lias 2
S gy gz Moz oS pSlgsn Slge lray K 8 5 oads
Aol o 280U Cwglie sl 4 R Cuglin 5w p len b oosS
18] 552 aomdone (1) sl 3 oSS ol ] o S8

. K
Zm=R+]((UM_5) (7)

Fig. 1 The lumped parameter model of a piezoelectric
transducer with one degree of freedom [8]

[B] S iSUls5es gl 5l oliT azy0 G 35 et sl Jaa 1SS

1
C:R M
[
I —

Fig. 2 The electrical equivalent circuit for the lumped
parameter model of figure 1[8]

[8] 1 S5 55 se by Jao sl (52501 Joleo oo 2 JSC

292



Grigl B3 Joxo 9 SAuwgs el

7 B Il T b Gkl 9 Jibcpg g jawgsdawslys S ) wdsb 9 Al

- )20 |
[ [
7T\ o "
l ® 30 l P15

Fig. 7 Thedimensions of tail mass (right) and head mass (left)
(52) ;o oz 5 (Cenl) lso p 2 olel 7 JSCi

Fig. 8 The dimensions of Piezoelectric ceramic PZT-8 (right)
and copper electrode (left)

() oo 9958 g (el ) PZT-8 S il Seoal oo ol 8 ST

e S3U slosg S Vgono oS iSlg s sl ok 4 5y Jlosl
08,5 o Jlos!l laog Sl cpl 115 o 190 519 g 39 o 00ls 1,8 o] o
olul 5 0SS @ il 5lige (glp oo colaiwl oppe vl 0alls ools
ol K 0Ygd iz IM3 gy sl o lailiwl o ypm g lid i iy
Sl (gl aslsl o ¢ pwgranil 5 gl odel Cawd 4 sl g Slasie
39uxo Ol (6 jlwdamds -3
ools ga5h b i 5 (Sl Jolas s 5 5550 yiall slo o
8l e 4 oo ool G b Slsicen i o8 oS ol g 03
03l &0 595 kSL“["""“"'“’ Dgde uLe.” J.u WY xS.m)J fuy..\.....ulf p-sweow
LS 35 a0 b Slaglall ol ol ) gaman syl 4 )
Looledl ojlail zals b auS oo b ywsadwils julipw )0 oad a3
Sl ygals 5l ads o Jae dag)] slawi caslie GialEl b ool o
oRls gl el > 51 ey [16] 05 (g3letnd Gl 1y oz
Seidse Joels JBle 5 danmme j3 a5 90 jugrandls 38 >
Ao oo Hlad 1) Lame ) 58 pwsiadl 5 5l Led 509 S L0l (g 5lwand
Sl @las YalS Y laie 4 K0 Of Lo G 5l g ond o0lo 8
5 i gaabs a5 sl 00y )T colatul (gl by lase (g3lwals
Sl slp Mles Sl ezen S0 1) oy glsel 095 e
[17] Sg g0 ailid 490 Hlawe Sloe lgicay Klos o

b Koo 3 1y el g5 JS (g5l bl 10 IS5
G581 S5 s 1 i 55 (sl 45 am gm LS 55,051 21 S 3
‘UL&J\)M 9 U")""“'“ - Comnd ‘u.as)so )Ua...ul AS)B.EULQ.Q sl 00
oS S, gty sl 59 cnl pleo 5 W5 Ty (ol (2558
ol e S cll ead bl ale ) 4 peelS 21 LulS 8w e

293

CE My M, R
A
0 R
3,
®)

B

1:N
Fig. 5 The electrical equivalent circuit of a transducer in
receiving state [2]
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Fig. 17 Comparison of the measured TVR of the fabricated

transducer with the designed and simulated ones
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Fig. 15 Schematic of the transducer acoustic test set-up
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Fig. 16 Comparison of the measured electrical impedance of
the fabricated transducer with the designed and simulated
ones
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Table 2 Acoustical comparison of the designed transducer with
the real one
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