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Directivity design and experimental verification of underwater
broadband acoustic parametric array
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(1. University of Electronic Science and Technology of China, School of Electronic Engineering, Chengdu 610054, China;
2. University of Electronic Science and Technology of China, Institute of Astronautics & Aeronautics, Chengdu 610054, China)

Abstract: The underwater broadband acoustic parametric array can produce a broadband audio beam at low frequencies
with high directivity. In this paper, its theoretical self-demodulation model of generating an audio beam at low frequency
is deduced firstly. Then, the directivity of its transducer is analyzed and designed, and prototype is also fabricated. The
experimental result shows that the prototype can generate an audio beam at 2kHz with excellent directivity performance,
whose directivity acute angle at —3 dB is about 2.6°. Moreover, the prototype can produced an audio beam at low fre-
quency without sidelobes due to its excellent performance in suppressing sidelobe, which is significant for solving the
problems such as the multipath interference of the shallow-water communication and the long distance underwater se-

cret communication.
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Fig.1 Schematic diagram of broadband acoustic parametric array
WA “Berktay Lipfif 7 , {EiLipht, ZEMm
HAE 5 (B RS 5 15 TR ) 5 R A S 5 (5
BRI R W ()P
ﬂpgS O
8npcira, ﬁE 2 M
AT, pALIERE,  p, AR EIEE, S
A FEYREIR, r A RAERR R, E(r) RS g
PR R IR RS ), o=1—r/c, IEIRIN T
FEEN QOIS Ok A LB N RIS
e 5, LRI B e, soik 17X 2
R HBE LR NS 5 77 A D S
Weae AN R 31y DSB AU LG 61,
TR AN E()=1+msin(or) , (N m HiTR
A, sin(orn) ARIET), REHACA (DAY
oS
o= 87T,€0pcg za,
SR B S 7 B ) AR R 2
LIS RV S SR I, B A4
RN o BES, PRSI o 20 FI1E
“Jo TMAE DSB J5i%r, mlaad 4 s dil 25 m ok
FRARISBOR L. [N, B AR i S IR o B B e
BB o

2 HRBEAHE R ST E

FEAC IR, ol 7 I8 7 A 3 1 PRI P T
REAS AR Ik o MR T IA P 2 B S B 7 A 5 [
FRIEVEIEL, /K7 S B R AR th e ne &
(FrgR i P osE . DA A 2 R AT RERS B, AHEL T
ANRES, I R, MR, RIS
I e S LA IR 1) R A A

LA MXN ASAH R B i 28 7K P e a4 I
KBS R, RSB SRS, Rt

p(r)=

(2m’@’ cosQwt)—2me’” sin(wt)) (2)

BT R IR ) A,
sin [2nMa cos asin 6(d / 1)]
M sin [2ma cos asin 0(d /)]

|2, (ka sin )|
|ka sin 0)
sin[2nNa cos asin 6(d / 2)]
N sin[2ma cos asin 0(d /2]
|2, (ka sin )|
|ka sin 6]
KPS a WSV o 0 NP TR
s A RPTRAEREAK: d RA-Heaeds L,
PR A2 a=2.1 em BN JEHfERS , LAAH
Hrhuta Al d =4.8 cm 41K 3x3 HETEIK 75 4 B 2s
Mo AR 40 kHz 88 75 i 3Rt Hedb AT 07 EL A .
PLZ BRI 8 a/A=1.2 , d/A=1.37 . ®KHEX(3),
17 F0AF 2 30 25 A1 T B 75 AT 5 A R 28 TR 1) 1
w2 frose

D(a, )=

3)

1
0.8

=

< 0.6+

g
X 04
02

0

-50 50

0 0
a /o or
2 3X3 HAEARFES = 4ETT )
Fig.2 Three-dimensional beam pattern of 3X 3
plane transducer array
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Fig.4 Structure of underwater parametric array testing system
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Fig.5 The aspect of practical underwater transducer array
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Fig.6 Beam pattern for all of frequencies
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Fig.7 Beam pattern for single frequency of 2kHz
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