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A study on wideband underwater acoustic signal amplifier design
for generating multi-frequency

1,2 A 2 =1 2 = 1t
2987 ye? usd

0

o
T

Hol

olS

2

(Dong-Hun Lee,"* Seung-Jin Yoo,” Hyeong-Moon Kim,” and Hyoung-Nam Kim" T)

"RAITHelm FARZ St SRuneteiTAe

=

(Received April 4, 2017; revised April 21, 2017; accepted May 30, 2017)

Z B EE=RMe oA 285k MY E 55 A Alado] 28517 Qi di Y $A A S
AAAR A g ol A Y E ZAIE ASIL s Ak AR Rt 52 Robll A E BA s
A1717] 913l B ALK Sound Navigation and Ranging, SONAR) A1 2] L7} AP &1l gl o o] 5 93t
o] 55233 A1 3] 7ol o} LolA| L ek, 3 3ol M M A8 S BReA] 91 o]
w32 Yl Y} e 9] Class D & PWM(Pulse Width Modulation) A1 5 AJ A HFAl- S ARE-Gfo] ol o] 252-2-3]
ALEE AR o) 0], 441 22715 Flo] charet Felo] 44 w8 At S50l ] AR S she Tl =
712 o] 3] FutE 7HR] A AT E FAl of| AYRE 79 HAal Dol Al 5 o) rular 2Lo] A untka Tl skl 7|4y
a7} e A0l WAt §181A] oRS 441 & 2lo] BN BAI} 9le-S stk oleia A del
1€ H41817] $15 MATLAB 3 Simulink £ o] 85}0] 541 S=]0] 1 PWM Ao} 714.& welalslsn Al o]
A stglom, AlEd o)A Fol wAIRE st siaHkS A gt

A0 QLIS 55 SRpEA) A28, 5522, ] 441 5-27], PWM (Pulse Width Modulation)

=0

¢}

do

il
NN o o2 N

N [

4

ABSTRACT: The problem that occurred in the design/fabrication/testing of the wideband transmitting power
amplifier for an embedded active SONAR (Sound Navigation and Ranging) system operating underwater was
analyzed and the solution of the problem was proposed in this paper. Wideband acoustic SONAR systems had
been developed in order to improve the underwater detection performance. The underwater acoustic transmission
system had been also developed to achieve the wideband SONAR system. In this paper, the wideband acoustic
transmission signal was generated using a 2 Level sawtooth type Class D PWM (Pulse Width Modulation) which
was not complicated to implement. When the sonar signals having two or more frequencies were simultaneously
generated, parasitic frequencies were added to the original signals by integer multiples of the frequency difference
of the original signal. To cope with this problem, we proposed a way to remove the parasitic frequency from the
source signal through modeling and simulation of the implemented power amplifier and PWM control hardware
using MATLAB and Simulink.
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Fig. 1. Switching methods. (a) 2 level, (b) 3 level,
(c) sawtooth carrier, (d) triangular carrier.
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Table 1. Specification of power amplifier.

Content Specification
Output power 600 W, 2A
DC link 300V, 5A
Frequency band fo kHz ~ (fo+30) kHz
Carrier frequency 390.625 kHz
Bridge type Full bridge (4 Channel)

Table 2. Experimental transmission signal for the
watertank test with multi-frequency.

Signal type Frequency

CW (Continuous Wave) fi kHz

LFM (Linear Frequency Modulation) | (fi+4) kHz ~ (f+6) kHz

Table 3. Experimental transmission signal for the
watertank test with single frequency.

Signal type Frequency

CW (Continuous Wave) fi kHz

LFM (Linear Frequency Modulation) |(f+2) kHz ~ (f+8) kHz
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Fig. 2. Photos of experiment and experimental conceptual diagram.
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Fig. 3. Harmonics vs parastic frequency (dotted line).
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Fig. 4. Spectrogram of the watertank test with multi-
frequency.
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Fig. 5. Spectrogram of the watertank test with single
frequency.
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Fig. 6. Frequency responses of the sensor and dummy
load.
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Fig. 7. Spectrogram of the dummy load test with multi—
frequency.
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Fig. 8. Equivalent circuit of the power amplifier with
the equivalent model of the sensor based on impedance
curve.
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Fig. 9. Spectrogram of the Simulink simulation result
using the equivalent model the sensor with sawtooth
carrier.
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Fig. 10. Spectrogram of the MATLAB simulation result
using the dummy load circuit with sawtooth carrier.
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Fig. 11. Spectrogram of the Simulink simulation result
using the equivalent model the sensor with triangular
carrier.
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Fig. 12. Spectrogram of the MATLAB simulation result
using the dummy load circuit with triangular carrier.
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