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231 7 Table 1 The mechanics capability of coat
A 7 K E S
Sample o
MPa MPa MPa MPa MPa
Silicon
8.149 0.557 8.521 1.636  0.468 9.2064
rubber
Y
Polyurethane
143.84 4.140 146.61 12.315 0.486 152.13
rubber
X .
56.5 mm 50 mm. 2.3.2 1
| . 0.5~3 MPa
0.511.52 3 MPa
XY
56.5 mm 57 mm
A 7 K
E o S X
1 E u 4


Absent Image
File: 0

Absent Image
File: 0

Absent Image
File: 0

Absent Image
File: 0


520

2008
2
5
~ 3.5 —a=Silicon rubber
S —0—Polyurethane rubber
2 3.0r
= 2.1 1
E 2.5F
= Si
5] L .
4 2.0 /
Z 1 /'
8 1.0r -/l C—H
S,
§ 0.5
0.0_a o o Q . ? Si0 0
0.5 1.0 1.5 2.0 25 3.0
Pressure (MPa)
'ig. 5 The compressibility of volume under different pressures
5
0.5~3 MPa
0.55% ~3.29%
0.03% ~ 0.20%
2.1 2
9
REFERENCES
1 Hou Xiaomeng . World Outlook 2002 16 58 ~ 60
2 Fu Cheng Yang Bin Wang Bin . China Ordnance Industry 2002 3 58~59
3 Burtion S A. Maritime Defense 1994 19 2 26 ~28
4 Zhou Hong Huang Guangsu Chen Xirong He Xianru . Progressing in Chemistry 2004 16 3 50
~54
5 Li Qiang Huang Guangsu Jiang Luxia . Acta Polymerica Sinica 2003 3 409 ~413
6 He Xianru Huang Guangsu Zhou Hong Jiang Luxia Zhao Xiaodong Zhang Jun Wang
Jianhua . Acta Polymerica Sinica 2005 1 108~112
7 Chen Jianping He Yuanan Lu Shaojie . Ship Verification Information 2004 1 40~44
8  Wang Rongjin . Underwater Materials Handbook . Beijing Science Press 1983.7 ~ 10
9  Hepburn B C. Polyurethane Elastomer . Liaoning Liaoning Since Press 1985.54 ~ 55
10 Xing Songming Wang Yilu . Synthetic Technics and Apliation of Organic Silicon . Beijing

Chemical Industry Press 2000.371 ~ 793


Absent Image
File: 0


6 521

STUDIES ON THE RELATIONSHIP BETWEEN SOUND ABSORPTION
AND MOLECULAR STRUCTURE OF POLYMERS

WANG Qinghua' LI Xiaodong' YANG Shengliang' MENG Xianlin® ZHANG Haiyong’
' College of Aerospace and Material Engineering ~National Univ. of Defense Technology ~Changsha 410073
2 Navy Equipment Technology Institute  Beijing 102442

Abstract Two coating matrix materials polyurethane and silicone rubber were used for investigating the
relationship between absorption and molecular structure of polymers under hydraulic pressure. The polyurethane was
synthesized with toluene diisocyanate and polyethylene glycol as main raw materials and the silicone rubber was
prepared with vinyl polydimethyl siloxane and hydrogen-containing silicone fluid. The molecular structure of
polymers was analyzed by using Fourier transform infrared spectroscopy. The sound absorption performance was
measured by the standing wave tube method. The mechanical performance of coating films was characterized by
tensile and shear moduli measurements and their volume change under hydraulic pressure was simulated by using a
file ANSYS 8.0. The different polymer presented different sound absorption performance under ordinary and
hydraulic pressure. As frequency ranged from 3 to 30 kHz under ordinary pressure the average absorption
coefficient of silicone rubber-based coatings was 92.6% and that of polyurethane-based coatings was 68.5% . The
sound absorption performance of coatings changed noticeably with hydraulic pressure increased. The sound
absorption performance of silicone rubber with flexible molecule chain structure decreased rapidly when the hydraulic
pressure increased. The average absorption coefficient changed from 26.9% under 0.5 MPa down to 13% under
3 MPa. The sound absorption ability of polyurethane with rigid molecule chain structure increased when the
hydraulic pressure increased. The average absorption coefficient changed from 75.2% under 0.5 MPa to 87.6%
under 3 MPa. The results of finite element analysis showed that the volume compressibility of silicone rubber-based
coatings increased from 0.55% to 3.29% and that of polyurethane-based coatings changed from 0.03% to
0.20% when the hydraulic pressure increased from 0.5 MPa to 3 MPa. The polymer of polyurethane-based coatings
was a polyether-type polyurethane with a large number of intermolecular hydrogen bonds and carbonate polar groups
from TDI and hydroxyl groups. The cohesive power of the carbonate groups was very large the total power of
interaction of the rigid molecule chains with large numbers of carbonate groups was powerful which engendered
network-like structure among linear chains. The free volume of polyurethane with rigid molecule chains changed
slightly as the volume compressibility was less under hydraulic pressure. The flexible molecule chains of silicone
rubber were easy to slide under hydraulic pressure which resulted in rapid decrease of free volume and the
molecular motion was blocked. The sound absorption performance was affected by the size free volume and the
movement of polymer molecules. These results indicate the importance of molecular structure and free volume
adjusting in preparing excellent anechoic coatings under high hydraulic pressure.

Keywords  Anechoic coating Molecule structure  Free volume Hydraulic pressure  Sound absorption

performance





