
��������	
��
������� 

��������	
��
�������

���������	������� !�"#$III% 

Anisotropic Wave Propagation and Nondestructive Evaluation of  
Axisymmetric Composite Shell Structures (III) 

�����NSC 87-2218-E-009-023 
���	�86
 8� 1�
 87
 7� 31� 

���������� ���������  
E-mail: ccyin@cc.nctu.edu.tw 

 
 !�"#$ 
 
    %&'()*+,-./01234
55678�-/12/09:;<=>

?@AB3CD7EFGH.IJK-/

12LMNO=>?PO()3Q�R

,S%&'TUVWXYZ[\>5NO

]^=_5`aGbcde�fg]h7

ijk�<l-/12Gmn5=op5

3qrs=>?5tuvw35RbxS

yz{	|}D:~�<��Gc���

=��:�8��_�C�G���:7

T���D�����:3�_~7;<

��-/123/09:=>?@��G

bx�B�S 
 
����>?!�np56!*+,-/

12!Z[\>5!_5`a 
 
Abstract  
 
 An integrated nondestructive evaluation 
method is presented to determine the material 
constants and locations of acoustic emission 
(AE) sources in laminated composite circular 
tubes.  The group velocities of longitudinal 
waves and flexural waves in experiments are 
accurately determined by wavelet transform 
technique.  Calculation of dispersion curves 
of the guided waves propagating in filament 
wound composite tubes are carried out by 
solving the eigenvalues of a global matrix 
which is composed of the transfer matrices of 
3-D elastic waves in the laminae. Maximum 
likelihood estimation of the elastic material 

constants and AE source position is carried 
out by simplex method.  The objective 
functions are nonlinear and defined by the 
arrival time differences, theoretical group 
velocities and also sensor positions. 
 
Keywords: Acoustic Emission, Anisotropic 
wave propagation, Filament wound 
composite tubes, Laser ultrasound, Wavelet 
transform 
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