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Abstract: Underwater acoustic material is the basis of underwater acoustic system capabilities, and its acoustic parameter
testing technology is an important guarantee to ensure the functional realization of underwater acoustic material components.
However, the current testing technology of underwater acoustic material components faces technical challenges brought by low
frequency and high pressure. The acoustic tube testing of underwater acoustic material can be divided into the standing wave
tube method, the pulse tube method and the traveling wave tube method. These three methods complement each other in
terms of applicability. However, it is difficult to clarify the overall characteristics of the structure due to the small size of the
test component, and the gap between the component and the pipe wall causes measurement inaccuracy. Free field test and

pressure tank test technologies are effective methods for
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Fig. 1 Application scenes of underwater acoustic materials

1.1 KER R B

KRR I ST LAGE A 1490 4F, Teonardo Vinci
A —HAAE T ATK T, I G AR A7 M7 A2 K R 7 e
1827 4, Daniel Collaton il Charles Sturn 7£ H P§ FLibf # f
AT NZEPT s AT 10 B DR 4 B YR K R S A )
F 20 thad 70 AR, BFHORFH AL ARG 7%
REYKRE, KPMAH RS TR R, W) 1

IR AT Y & S, 23 AR AR U AR 22 bR
IR AR ATK AR, ABUK WA | R Rk
UL A IR S kb I R T A 1989 4
ONION E#d th 1 T 2 2 2 G MRS R Byl &, %
LT 1992 4EH Piquette #E— 2 IE, IERHBER M fEHf Hy
AL B 53 S R A X 2 By ik DU
PIMERIRBIT RS . 25, KA ERE, #r
TREHFTERFHA il ik oR Bkl i AR
)25 % N = & 21 /€ =3 G < 527 N
ARG I IR AR 2 A I R K,
B AFGOKINA AR ABIRAS T R, RE MR
Jek i R IR | TR K A AR DA Y
1.2 KFEHBSHETR

IKFE R RHE A 1 P 2 Pk R A AR B2 A%, BE XA R Y
PRI, T AR K P R E S HOR RAEH A 2R
WIERK A E T R S S IR b, I A g
FEKR, KHRKF RS0 KRR
B, R HIBVRRIE S B G . RAE S D RE A9 75 T R
%58 r, B[] 75 B ( echo reduction, ER), FAEiE A HifHE
RS HB S R 7 Bl AR L, RAEAPRH 5 DI RE Y
WS AL o, XL SRR REIE A I 5 15 B A AR T p,
S p, RGBSR p, THEARTS .

P
r, = — (1)
Pi
ER = 20lg /- (2)
P
Py
T, = — (3)
Di
IL = ZOlg& (4)
P
a =1 —ri —Ti (5)

1.3 KEMEKTRIR

IR BRI R S0 k2 S K A R A e K TR P
BN P TR | BRSPS TR R S A TR R T, ki 345 7K
PR RHEE A2 28

AT, FEATE R T ARIROKE . N TR, %
BRI IEA IR AR, DU ARG | F 1 i
TFEESF MBI T i, DU HRE ST . KT de S
TAEER RGN G T R A K AR R &, 3 AN
0 58 I B B (R a3 ) | ¥ Jo sy T B A T 36
SR AT RTINS BE R T ) A R, — 7, 94
TR E SRR R R, SO kb R4 HOR | S8
{R SRR 2 B AR5 5 BRI R FEAR T AR
KB RPRRI A RABTER . RIS, BE PR B A



18 [

B KRB R

SR E A A i 81

AWk, R TR R R M L &, AR
B AR A R S BRLA TR A B B 2% I 858 2% 1 T A 3K
BEITRERRE, 55—, UOGEKUTa. KmKUT
i AR RN S AR T A K TS BRI 40, 3E 2T R A
WA YRGS MBS IRE) , R T (5 Sl
], $RTF TR AR Y
1.4 KFER RN G E X

FEK PRy 1, PN MY 8K 1 I 32 22 iR 1 i
DA FRINE 1IN R FE 0 IS4 LR P 1

TS, TERH R T A7 TR R AR T3S Ty 18 1 R X
— 7T, RARES A & S R AR AR B e B N AEE AR Z
FAR B BRI MER, e PR L R 3 AR SR 7 4 T A A B
£ 100 Hz ZEA M8 50T, FREIZEARIITE 7 M & S i 2%
A R 3R K T I X 1 A TR R,
T UK APAEMIATINAAZ K 5 4 RE 4 A R 1 % LT e
7, ARSI 75 R AL e ) I R A A — o
BRI AR S A R A, D S AT 5 1 T,
X BRI it () RS 48 1 T 0 i R, Y PO R K
It 0 JE IR R AT SR, 38 R T AR R AR K ek b R AT
IR, AEAERSRAI R HEA T /K P A R 3 22 A3 G A HL &)
ZHNFUETE R, A I S A B, AN
FERER, D, R R RRE T T A v R T
Kt DATE o7 B AT AR K 75 AR I 2K

HWR, AR 8 v I R A AE AR T A R
M, RIEIREE (BETE, 7000~ 10 000 m /K IREAMF) K
AR I S A A AN BESE B, — T,
HEARPAE R8T S —m, R FHRAE S K&K
T e S5 X 15 48 P R 1 O IO AF 9 A% 7 44k 82 g
DA JE K P R 4 8 e PRI oK

ARSCRTEANA T B HK R ARG A A i i 52
HERE, JFHe T AR R R, HE, AT KA
PR AR AR, % T AN R SR kb
B TA T I3 1% ) 3 FH Y B RUB B R AT T A4
FEEIEA T B A AR AR AT R AR S K
R T KA B 3k R T REE IR H AR, HE
THE T M ATTEMRR [ R S0 b oK ¥ 4 i 2 A7 5
PRI LR S A AE 1) R A

2 KEFRIE R AR B R R

2.1 KEMHHEENLER

KA R B4 P 22 R S RO AR T 7 441
e ) ARIBCT R A D R R A
A PR, XA SRR A KRR R A
I A 7 g A TR P S D R A D — S R R
3 3 7 T K0 D B T R A N A S T, AT

KA PR B Tk FOR TS ARG P2 2 4, Bl o)
Wi PRI AT TR p, . ST p, BB AR p,
] (G R ARAFPERLRRE, Al 2 BRI AR
AR B2 BRT A A BT, B DR P 4 PP BEJE AR
SE T, A AP — A A AR r A SC R L BR A
AR, HVEUEIR £, o R T RIPERESERK A A, Bk
A

C,
S = 3832 (6)

K, e, JRHEE, FE R T BRIR £, SRR
A%, ALFRRK A B A RO B | O A 45 BE A 1Y
AR B B AR DG R 2SR o ko s A A 7
BRI L HAF IR T 378 (7))

2¢,

Jun = (7)

I [ A A/ M AR £ P A 1 2 A 0 1Y L AT A
S G R A L VR A SR e WA IR
TR 225, P INKEOR AT Ao Bk b ik | BRSO
AT AR

Underwater acoustic transducer Tube terminal

B2 REMESEE R A RAS . R, BN EE

Fig. 2 Schematic of sound wave incidence, reflection and transmission

Tested components

in sound tube test for underwater acoustic materials

B R FH R B 8 R 2 1 25 e S SRR U, AR
FRI% R A S P I R 2R 1 RS R O R A B B 3
AR 2 24 W R JRIE B T 2 APk s iy
Ao GRS R AL, SR R R T B
— AT E MR 8 0 = IR SR E KT %, BT BRI A
Yy R S A R /N A5 TR AR, THEEAS 20 A8k 1 I
B0, WA 3a BRUe T %05 B B B AR R A
{H AT RS Bl A 7 IR I 7 5 TR IR T 28 B s sh if e — 78
RIME; 10 AT A SR K T A8 75 BEAE T A RE 5 Bk B — A
AL, XA R A TR R IR, E— e R
SSRRARIIR S S o A P L IR AR R BRI
—FORTE B Sk Wy 25 I 7 IR 2t 1Y) 7 pk s A, B
56 R0 R 3b I 3e BRI R IR
S E AT P P B oL B AR B2 A K, FIHZ
AIKIT RIS BRI R Y, G TR PR B R AR B A
SRR SRR, BT SRR S R S R R SR
B NTEE W RUE BRI, T R ST pean & 00 iE



82 Hh AR

%43 %

S, ASSEBNON FR oy, SOTRE T
AbTFK-BERE-2E BN A R I

Tested components

Acoustic tube
terminal (air)

Movable probe
hydrophone

Transmitting
transducer

Tested components

Transmitting Hydrophone Acoustic tube
transducer terminal (air)
[c]
Tested
—» components
installation

area

3 RN B (a) BB, (b) ek, (o)
U LI 22 BF 5T i 56 4% 196 oK 45032 19 0208 5 I 4 I

ES
Fig. 3 Schematic of standing wave tube method for sound tube test; (a)
standing wave ratio method, (b) transfer function method, (c)
the @208 standing wave tube equipment based on the transfer

function method in Hangzhou Institute of Applied Acoustics

Jok A A e R 3 4 o A S A B A A B e
PR SERE , SCBURAE T ASRR BOR  GE
PRI T B, TR R K R R PR RS R B BT R
RO s 2, AP 4 RN B AR R — T B
HAEm B o 3 M AT K, HoAT IR B nT e
PR, (HAZ T IR i G A TN 3 i A 5 [ A A
BN, X A 57 e 8 ik o 58 B R 7 A K BE AR AE 8K
PR ISR IR Kl B A S RE AR A A ST 3R Q
BABPRMUR £, KA e, | FEA ORI LA & B
FORM TR IE SR P K B VIRIG, Xt — LR 1 kb
PR T BRUTOR (/.. = Ke o/ (20,=Qc, ) ) o AT
FEDAEIR, WK EREHORME LS BN (1 kHz DATR) 22

SR KA B AT B2 P 22 5 e 0120 ik
AR O ], PR A O 6 m I3 AR R
N2 kHz) , TTGE 5 AE 1 DN ek R AR I i AOU R T s R
A%

p; P,
Water P, +———— Py —

Tube total reflection
terminal

-

Two-way hydroacoustic
transducer

Tested components

Tested
components
installation area

B4 ko EMR B (a) , FON B A
MR E (b)

Fig. 4  Schematic of pulse tube method for sound tube test (a), the
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@120 pulse tube equipment in Hangzhou Institute of Applied
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(a), the @208 traveling wave tube equipment in Hangzhou In-

stitute of Applied Acoustics (b)
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Fig. 7 Influence of diffraction of underwater acoustic panel components on measurement of underwater acoustic materials!

49, 50, (a) the wave-

form signal before the arrival of the pulse signal to the board, (b) the waveform signal after the interaction of the pulse signal with the

board, (c¢) ordinary rigid barrier, (d) barrier around with installed closed-hole polyethylene foam material, (e) results of echo reduction

(return loss, RL) and insertion loss ( transmission loss, TL) testing for structures of different board sizes with the form of fig. 7c and com-

parison with theoretical values
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Fig. 10 10 MPa pressure tank test device in Hangzhou Institute of Ap-

plied Acoustics
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