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Abstract: [ Objective ] The purpose of this paper is to obtain the hydro-acoustic modulus of high-strength
polyvinyl chloride (PVC) foam through an inversion algorithm based on the measured underwater acoustic in-
sertion loss values of the composite samples, then improve the calculation accuracy of the insertion loss of the
composites. [ Methods ] First, the static elastic modulus of high-strength PVC foam is obtained through
mechanical tests such as compression and tension, and then the insertion loss of the sandwich composite is cal-
culated using the transfer-matrix method. The reason for the large difference in the calculated values and the
measured values obtained by the acoustic pulse-based tube method is that the input value of the elastic modu-
lus of the core material is low. Based on the measured insertion loss values, the underwater acoustic modulus
values of five PVC foam samples are then calculated via genetic algorithm inversion. [ Results ] The quantit-
ative calculation results indicate that the hydro-acoustic modulus value of high-strength PVC foam is higher
than the measured static elastic modulus values. The average ratio of hydro-acoustic modulus to compressive
modulus is 1.24, and that to tensile modulus is 1.36. [ Conclusion ] When calculating the hydro-acoustic per-
formance of sandwich composites containing high-strength PVC foam, the error can be reduced by positively
correcting the input value of the material's elastic modulus on the basis of the measured value of the static
modulus.

Key words: PVC foam; insertion loss; genetic algorithm; elastic modulus; longitudinal wave velocity

KR EEE: 2021-11-11 &5 B #: 2022-03-01 W& B &R E: 2023-03-31 15:06
YEZ R W, B, 1993 4E4:, 14, T FEI
R, B, 1960 4EA:, 18, BFSE 0L, WA AR
A Hfk, 3, 1983 4E A=, il 14k
B1EE: Rt


https://kns.cnki.net/kcms/detail/42.1755.TJ.20230331.1021.002.html
http:www.ship-research.com
http://dx.doi.org/10.19693/j.issn.1673-3185.02588

108 FoE OO B R R
N (E3 n R A A TR AR . A TE 52 4 18]
0 51 B SR R )RR e R T, MR 1K

7o 5 B SR W LM (PVC) YL IR — P2 T 570
P22 i RN 22 T 7K ik 52 7 D B A 140 22 16 A L AR v e
REV IR, IRLR#8 100 R 09 g = AL A BE AT R 4 119
IR B P RE ", B S R R ] T R
e A E R, ARG KT AT A AR E PR

B BEIE | BB HJ5 % (Bl n i 15 336 g™
OY RS AL S FE ML | G B 2 PR A IR
TG/ T OCREAT B R A ) e B %2
AR K R AR A REXS T K T LA T & 5
AR BOT B X E R BRI Ik
W A YRR | WL R R S, B
TR R SR B SO, KR 22/, E
% B F PVC 1 IR — Bl B AT AL I 45 4 A9 A
PR R, T 1A X I A A SR AR A R
RES T3 BTt | K P R A T DO, T A2
PR ARG T A5 R 5 b 5 S {ELA
TEBER 220", DR I e 28 52 48 5T A ol LAY 3
IR g8

TE KR 2 R R TP 2 0 1 e T8 A 81 Ao e
S8 B, 5K ITRE" B T koA AR I AR B K
PR R S R AR R I sl T AR B Sk, 1
o 3 AR S R KA AR B Y B 7
ZH R TS AL R AR RO 9 K8
P E] TR RS R BERE AR, ik
JEAT A 1 2 kR A DN, — R AR e
PR BELTE 55 7K AT B AR AR Al ™, TG T g o
JE PVC I IR IX FE 5 PERH BL -5 7K ™ B 2% L (29 R 7K
AR R BT 1/5) B9 IR A Rk, 78 A afle 2
FHR R, AL A 28U T A N AT R

AR SCREE e A0 2 51 i i I e BEE | b
Aok PR A I T V5, PR T A R A S
(L, 36 2o 1% 396 R B BRAE 3T 58 52 45 o REAY K 75 4 A
P, 55 2 Tk s A i A I 3 A %
o fem, 2 TR AR SCAE, Fi i R4S 3
55 5 B2 PVC I IR K P LR, 55 0 ) 16 BT 75
SRR R AT X L o IR ST A AT D T i
PVC I IR 1 K 8 5 5 4 A [R] 26 Al 32 T K 7 A%
B S BOCE R ESE S %

1 R i#

1.1 BwABKERITEAGE
BT 02 A o A% 13 A M e, Al 54 R

B b R R E SCRI N ) | R AR G R,
N1 PR o BTEA [ [ RS S5t o3 5 T A 7 ) —
O A8 i 25— B 56 A A ddh, U RT R A ) R O R
2 22 2 97 o a5 S5 g S 10 0 N S S S 1 AR 0L A
PR A SRS T, KT, dREARFANFUZ
()8 B, Z, AR X L4541 o2 (R BLE, 0,103
Xt S22 B A S P 0 T R A

Z A
Zn1
d,

" Z, n
Ay Zy n—1
d,, Z, 5 n—=2

1
1
i
d I ] 2

B 1 2290 oA il R 2

Fig. | Transfer matrix theory of multi-layer medium
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Fig. 2 Stress-strain curves for foam samples VS1-VS5
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Table 1 Summary of testresults for static elastic modulus of foam

W B /(kgm?)  E4EBE/MPa R/ MPa
VS-1 303.0 6352 558.9
VS-2 303.9 629.3 627.7
VS-3 2972 614.3 5772
VS-4 3159 704.6 582.0
VS-5 3102 626.8 593.7
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