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Improved FOM (Figure of Merit) Performance Characteristics of a Linear
Array Underwater Acoustic Transducer with a Gradual Wedge-shaped

Tail Mass

Dae-Jae Lee*

Division of Marine Production System Management, Pukyong National University, Busan 48513, Korea

A linear array acoustic transducer with 12 tonpilz elements mounted independently on a gradual wedge-shaped tail

mass was fabricated, tested and analyzed. The compensated

ductance of 137 pH in the developed linear array transducer,

characteristics compared with the uncompensated transducer.

transducer, which is modified by including a series in-
attained improved figure of merit (FOM) performance
The four resonant frequency bands were identified from

the measured FOM curve. The FOM response patterns over the frequency ranges of 31 to 40 kHz and 50 to 60 kHz

were relatively uniform, whereas sharp resonance peaks wer

e observed at around 73 kHz and 84 kHz. These results

indicate that the developed linear array transducer can be used as an enhanced broadband transducer of echo sounder,
and the operating frequency can be selected for more effective echo surveys in the fishing ground.
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AR AN A A 2 ZHE o Mol A ARG-SEAL QL= ol FHREA] 7]
(echo sounder)L} 4~U(sonar)®] 25 ot W= ofj=F 28-
200 kHz g =o|t}. 0|5 o]F& A 71U & A|AH o A= A
& Aot} 1), Ei, of2] Ae] Fofe ALEIITHLow-
rance electronics, 2017). X F7HA] 0|5 ol &R A AE O A
L 7 Fulg SRS AAe] 41 E(dome)ol S,
53, SRH R PEslel 217] thio] AHg Fuko)
SR ashgich. Aot SFelr1Ee] vl
ol RlQlo] W& Fubss W Qlol A Asdhe F Y
P37 71 7fekE] o] 9kar(Coates and Maguire, 1989; Ra-
h and Ebenezer, 2008; Lee, 2017; Lee, 2019), T3}, o=
= E-83t chirp o EHA 7|74 BHFE AL Ql= A olth(Lee,
2014; Lee et al., 2014; Lowrance Electronics, 2017). ZL&{L},

do 19 2 mx 1
N
ot

o 2 oy

:

A HaE Al Q= chirp O] FRA]7|7F 7]E o] T A 7] 9] '
£ 245 Fajs W92 $el7) A (covenalz] SIaiAE A
Tk, ST B ke i 50 3709 Fub e
ol Al Z535H= chirp 28] 7} 2 2 5cH(Airmar Technol-
ogy Corporation, 2017). £3], o| & Z- Ful= 4 9 9] S3FH3}
71& 75517 YAl = A-8-9] &4l 55 F(transceiver) =
I 2 5}cH(Gonzaelz and Bleakley, 2011; Lowrance Electron-
ics, 2017). o] wfszof oFAl ke E=2 Alutol A= Fef o] Fei <
of FRA|A|AH o] d ] ARBE]IL Qli= Aot A A= o]}
22 Flol| F=sto] 7129 o] FHA 719 F- Al e L
= ARg-BH A A o] A2 SRSk | & ohut SaFHet
712 dA87] $13t A4S Al=3FAtH(Lee, 2014; Lee et al.,
2014; Lee, 2017; Lee, 2019). & AALo| A= o] = 93l 1712
SHFHET| A 474 9] Fupg= Wi Eof| gt S AU AE -
o SRS E A A o R AA|, st
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A+ 2719] F(ring)d PZT (lead zirconate t1tanate)§ =5t
5 o)A AW} 5Ho| ZFZ} head mass®} tail massS A2
3ol A2, o] wl, head mass= 533 © 2, tail mass
= T T3 oE AAsh % 3], tail mass®| F7l= 54toll

A= FAA ok, YE o2 A= oA ARkl E3, 7}
ZEA| Apololli= w7t ’%ﬁo H 2HE AAAE 5480
2 2719] holes AA|6}GIt). o|2HE 7} ZlgA|oA A=
% ZF 3A mro] ZAEI FAE JHo| A= QAT Zut

HY ol A 58222 A} (coupling) = =5 5%t Fig.

1—4 tonpilzd HF A head mass= 7+&, A=, FA7} 2+t
24 mm, 24 mm, 62 mm¢l LF0]E BE(AL5083)0.2 A
2Felict. B Ao A ARESEPZT Alete] 99] o, i U
A= ZH2F 13 mm, 6 mm, 4 mmo| ¢, A2 stud bolte] 2]
7 9 o= 27 4 mm, 28 mmo| @it} 3 2712] PZT Al
ghu g Abo], I3t PZT Aleby] 27} tail mass Abo]ofl= €3
O] M=1hE AYsta, of7lo A74leE a5k, Ol':
Aol zjALe Q=0 7 A, 11 97, WA U A= 7-7t
8 mm, 6 mm, 0.2 mmo]%ltt. $HH, 12719] tonpilzd Z1-5A
7} 29511 Q)= &7]3 tail mass] 1t Zol= zkzF 23 mm,
330 mmEA], FA1= & E¢ollA 13.5 mm, FYFolA 18.0
mmo| %137, hole®] 2742 6 mmo| it} Fig. 1b2] tonpilzd %
A BE5 P deE ARESte] o EEE S, A
FZR(LXBXD, 5x6x5 m)o|A F4lit A 554 S
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3FE

o

El
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fol

719 YmEA Hata SARE 0| HeEte
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2 04 et Fig, 19] 2apalol g 1720l 5
7}3] 2= Fig. 22} Zth(Wilson, 1988, Stansfield, 1991; Rad-
manovic and Mancic, 2004). Fig. 298] 57}3] 2|4 Z 7]
24 C, R, C, L& ZY7} A58 (clamped capacitance), #]
Hresistor), 215 ¥~ (inductance), 7| A]E A (capacitance)
o]aL, 70 kHz®] FXF=uof thgt o] & ZF 2210] SA4 A=
C =0.042 uF, L=1.343 mH, C=3.856 nF, R=13.6 Q| 3it}.
3, Fig. 20]+= Fig. 1] Yehd S3FH k7] 9] 50-60 kHz

317]19] FOM ASEA 7fAl 1037

Fig. 1. Photographs of a linear array acoustic transducer with a
gradual wedge-shaped tail mass after (b) and before polyurethane

molding (a).
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Fig. 2. Compensated electrical equivalent circuit of a linear ar-
ray acoustic transducer (Fig. 1) with a series matching inductor.
V,, input voltage; V, output voltage; R, driving impedance; L,
matching inductance; C, clamped capacitance; C, capacitance; L,
inductance; R, resister.
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Fig. 3. Time-frequency response characteristic of chirp pulse signal at the electrical terminal of a linear array acoustic transducer (Fig. 1).
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<2 Aol A AL AN #7119 tail massS 2= SR
of tifgt 550l M 2] 771491 QJalezs 9 oj=nlE Ak

2 LCR meter (Model 7600; QuadTech, Foothill Ranch, CA,
USA)E AMgalol Zgelslct. Eah, Sababrle] $ahasl
= (transmitting voltage response, TVR)2} =314} (receiv-
ing sensitivity, SRT):= P A HFz0l|4 S350k =, &
At " Ea} JANESRT|E Zhe A Fukae i 2 (linear
frequency modulation) A%, &, Fig. 39] chirp A3 E 9]
g ukAl 71 (Model 33120A; HP, Palo Alto, CA, USA)2] o]
mejof mje] AHAIA w5, oo wet o]AS TE6}]
ARESEATE AR o ojut iy 7] =R e EAAIR] A 400
mV, F3b<= B9 1-90 kHz2] chirp A 35 A2 Z%7](Model
2713; B&K, Naerum, Denmark)ol| 4] 5Z31 3, o] Al E RL
“J 3] 2(matching network)E 7-frote] SFHE7]o S+
3} tH(Dong and Cui, 2012; Lee et al., 2016). 23FH3}F7] o
A AL = SAIE 2T = 5437 (Model 8100; B&K,
Nerum, Denmark)& AR&-5F0] =A1RE 3, 4 5-257](Model
2610; B&K, Neerum, Denmark)ol| 4| $&3}11, 0] 22Z5 AlS
£ fAE A Z AT I (Model DS1530; EZ, Gwangju, Ko-
rea) ¥ FFT £47](Model 3525; A&D, Tokyo, Japan)E A}
Boto] =53t o|¢} Zo] 53 EYAITE o] §5to]
7o) SIPAUAE(TVR; dB re 1 pPa/ V)2t 4313t
(SRT; dB re 1 V/uPa)Z F38t13L, FOM SHEAS $ugt

N
ol ot

Lo} fubtE 9] 3k 2 HE L5} th(Hughes and Zipparo,
1969; Lee, 2014; Lee et al., 2014).
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Fig. 4. Time-frequency representation of transmitted chirp pulse signal (a) and relative transmitting voltage response (TVR) (b) for the linear

array acoustic transducer without a series matching inductor L (Fig. 2).
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Fig. 5. Time-frequency representation of received chirp pulse signal (a) and relative receiving sensitivity (SRT) (b) for the linear array

acoustic transducer without a series matching inductor L (Fig. 2).

2 Aol A ARt A HiE SeFHEr| o] S4B AR
=of digk e $ < =(TVRHSRT), 5, FOM 4554<
A3 A3= Fig. 63 2t} Fig. 62 Fig. 22| 5713 20] %
Z AYEL LS FE5HA] oke we FOM AJs54o=

N
M, 52 FO < A (dB)o] L, B2 Fuk(kHz)o H
Fig. 604 & == Q)= vlet 7*01 FOM $--2 471 €] Fub== o
o] A %ﬁ-_ﬂ_%}fﬁu}. WA, 4424l 2] ks 71 e
ZFube o -2 30.5-39.75 kHzS] -7F2 24, 1 peak S5 5
o, peak S @l 9 -3 dBO| b t -2 242} 34.75
kHz, -15.8 dB @ 9.25 kHzo] itk 1 tha9] 444l She
49.0-57.5 kHz9] 7o) A &8 8}9=n ] a peak o =y
<=, peak 5 ¥ 9 -3 dBO] Frupa= tf 922 747} 52.5 kHz

-22.89 dB Y 8.5 kHzo| itk T3, 71 QA8 4524l Sohe
69.25-73.75 kHz 2] 17tol| Al @83l =l, 7L peak & 5+

4=, peak S5 &'l 9 -3 dBO| Fupae o 622 747t 72.5 kHz,

-13.0 dB ¥ 4.5 kHzo|{tt. ?HH, 71 =2 a4 g Hof| of
3k %424l S 80.5-85.25 kHz| 7oA &3 5Hgi=),

“1peak -§ Ik, peak 5 | E -3 dBO] Fub4 v o &
£ 7}7) 83.5 kHz, -23.23 dB & 4.75 kHzo| it} Fig. 694 &
4= 9)= v}e} 7Ho] 30.5-39.75 kHz 9 69.25-73.75 kHz2] S}
= bl gk &A1 S5 2 2.8 dB HE 9] Aol &
Effo] AA| ool A ARGt EA17F 2L 49.0-57.5 kHz
©} 80.5-85.25 kHz9| +71of| v gt -g-Hell -2 2|t 10.23 dBE]
zto|7k §lof ol b & &-8-5H7] YsliAl= FOM 5



12 element line array xducer
_ (gradual wedge-shpaed tail mass)

Wi\ LA
'\fﬂf \U/ N \

20 30 40 50 60 70 80 90

— FOM (Ls = 0 uH

Frequency (kHz)

Fig. 6. FOM (figure of merit) performance curve for the linear array
acoustic transducer without a series matching inductor L (Fig. 2).
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Fig. 7. Comparison of the calculated transfer functions of the com-
pensated and non-compensated linear array acoustic transducers
for tuning conductance L= 0-200 uH.
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Fig. 8. Comparison of the input electrical impedance patterns with-
out (solid line) and with a 137 uH series matching inductor (dot
line).
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Fig. 9. Time-frequency representation of transmitted chirp pulse signal (a) and relative transmitting voltage response (TVR) (b) for the linear
array acoustic transducer with a 137 uH series matching inductor (Fig. 2).
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