KFAS o2 & A3t oF 9] X|
Korean Journal of Fisheries and Aquatic Sciences
]_

3t4=%] 50(5), 605-615, 2017

Original Article

Korean J Fish Aquat Sci 50(5),605-615,2017

CIS 2% 2 2sHHEt7 (o] tHHE JiM

- O o
O] CHXH*
SR sLMAAT TS

Bandwidth Improvement of a Multi-resonant Broadband Acoustic

Transducer

Dae-Jae Lee*
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A multi-resonant broadband acoustic transducer with six Tonpilz elements operating at different resonant frequen-
cies in a transducer assembly was fabricated, tested, and analyzed. A compensated transducer, modified by adding
series inductance to the developed multi-resonant broadband transducer, was shown to provide improved bandwidth
performance with a relatively more uniform frequency response compared with the uncompensated transducer. By
controlling the series inductance, flat frequency response characteristics at two frequency bands were obtained over
the range 38-52 kHz with 1.1 mH inductance and 50-60 kHz with 0.4 mH inductance. These results suggest that the
operating frequency of the developed multi-resonant broadband transducer in a chirp echo sounder can be shifted to
a different frequency band that is optimized according to the environment for more effective echo surveys of fishing

grounds.
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AA7HA] tFE O] A=A 7Y &2 (sonan) ol A= o=
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nhs ololl gk B A 0R S UAT 44 4 Y=
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mesh and Ebenezer, 2008; Huang and Paramo, 2011; Airmar,
2013).
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Fig. 1. Photographs of the 6 tonpilz transducer elements operating at different resonance frequencies (a) and the multi-resonant broad-
band acoustic transducer (b) developed in this study. The transducer elements were arranged in a 2x3 array configuration on the acoustic

window of polyurethane.
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Fig. 2. (a) Electrical equivalent model for a 2x3 array transducer to account for multiple resonant frequencies with a source resistance and
a series matching inductor. (b) Series representation of input electrical impedance for a 2x3 array transducer with an inductive reactance

for eliminating or minimizing the capacitive reactance in the frequency band of interest.
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R, (w) ¢t 3]55-2¢] A4 reactance X (co)ilﬁi UERA Ao,
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7] 93t Aotz A W I ujo] 2 SlgE Ak
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47199 e A0] o]=F<l 219 reactance X (0)E
ASA H AT B 02 Sahels]o] 1z A5l
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3, Fig. 20l e 670(i=1-6)9] BE K E-A7}o] 3t &
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&€l 2(conductance) S G, (w), AMATE X (susceptance)E B, ()
2} 51, o= Zt tonpilz {%iXP‘)ﬂ it A& R, ‘L%*?i* L,
A 2 C 9l AR Coz T Aol Qs 7+ 4= 9L 9]
tH(Coates and Maguire, 1989; Ramesh and Ebenezer, 2008;
Huang and Paramo, 2011).
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Fig. 3. Time-frequency response characteristic of chirp pulse signal at the electrical terminal of multi-resonant broadband transducer.
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Fig. 4. Measured admittance patterns of the multi-resonant broad-
band transducer with no tuning. The magnitude of admittance
(IY]) is in red and the conductance and susceptance is in black and
purple, respectively.

FHUEE 5k 2 s Aol tit 32(E) Rie2l F=ut
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Table 19] Z} tonpilz %154 ol Tt 5-21(£)2} BH5- a4
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ZYZE (7)-(10)A1 o] tfiste] S H8=F C Jﬂl 7+ J R R T o
ek A% R, A= %1& S AWAE L CE AL 5, (441
ol gato] ti% 24 SFHE|2] of ZulEl s el 3 A
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ot Fig. 5] 524kl oJ3t jelS M2 vlws) & o),
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Table 1. Resonance (f) and anti-resonance frequencies (1‘;) ob-
tained from the measured admittance curve (Fig. 4) as a function
of length (L) for 6 tonpilz elements of multi-resonant broadband
acoustic transducer

Element No. f(kHz) f(kHz) L(mm)
1 31.84 32.95 70
2 35.57 36.96 60
3 39.40 40.24 54
4 43.08 44.39 48
5 49.79 51.30 44
6 57.06 57.80 35
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Fig. 6. Measured Impedance patterns of the multi-resonant broad-
band transducer with no tuning. The resistance is in red and the
reactance is in black.
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Fig. 8. Measured conductance (a) and susceptance patterns (b) of
the multi-resonant broadband transducer with no-tuning (purple),
series tuning inductors of 0.4 mH (black) and 1.1 mH (red).
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Fig. 9. Transmitting time-frequency response (a) and relative TVR spectrum (b) of the multi-resonant broadband transducer with no tun-
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Fig. 10. Transmitting time-frequency response (a) and relative TVR spectrum (b) of the multi-resonant broadband transducer with a 0.4

mH series tuning inductor.
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Fig. 11. Transmitting time-frequency response (a) and relative TVR spectrum (b) of the multi-resonant broadband transducer with a 1.1

mH series tuning inductor.
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Fig. 13. Comparison of FOM performance characteristics for the
multi-resonant broadband transducer without (a) and with 0.4 mH
(b) and 1.1 mH (c) tuning inductors.
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