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  Abstract 
Local tissue defects inevitably form in fiber-reinforced composites during the molding 
process, which may affect their sound transmission performance. This study investigates 
the influence of local tissue defects on the sound transmission properties of composite 
laminates through analytical and numerical models. A two-dimensional axisymmetric 
model of composite laminates was established based on the numerical approach, incor-
porating the anisotropic characteristics of the laminates. Parametric scanning was con-
ducted to analyze the effects of defect filler materials, size, position, and thickness on 
sound transmission performance. The generation of transmission loss peaks was further 
elucidated through displacement amplitude contour maps. The results demonstrate that 
the defect filler material exhibits the most pronounced influence on sound transmission 
performance, while the position and thickness of defects exhibit weaker effects. In con-
trast, the radius of local defects shows a strong correlation with structural sound trans-
mission performance. 
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1. Introduction 

The sound-transmitting structures of underwater vehicles are critical components for ensuring the proper functioning of 
acoustic detection systems [1-3]. High-performance sound-transmitting materials must enable low-loss, low-reflection 
transmission of acoustic waves while simultaneously possessing corrosion resistance, pressure resistance, and deformation 
resistance. In the mid-20th century, stainless steel (1.5-2 mm thick) was commonly used for such applications, but its high 
weight, cost, and suboptimal acoustic performance rendered it unsuitable for evolving demands [3-6]. Advances in rubber 
technology later led to materials with acoustic impedance matching that of water, achieving superior sound transmission. 
However, rubber-based materials suffer from delamination, air bubbles, and low stiffness, which degrade their acoustic 
performance. From a mechanical perspective, single-phase materials exhibit limited structural vibration suppression and 
poor strength, making it challenging to balance acoustic and mechanical properties. Currently, fiber-reinforced composites, 
such as glass-reinforced plastics (GRP), have gained widespread use in underwater sound-transmitting structures due to 
their balanced acoustic, vibrational, and mechanical characteristics [2, 4, 7]. 

Modern vacuum-assisted resin infusion (VARI) processes have enabled GRP composites to achieve a balance of sound 
transmission, pressure resistance, vibration damping, and corrosion resistance. However, localized tissue defects inevitably 
form during the molding process [4, 8]. Published studies on the influence of defects on the sound transmission properties 
of GRP laminates remain limited. This study systematically examines the effects of defective depth, size, and other pa-
rameters on sound transmission performance, providing guidance for predicting the acoustic behavior of composite mate-
rials. Conventional ship foundations are predominantly constructed from ordinary steel. However, their low damping and 
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weak stiffness characteristics make their vibration reduction effects less than ideal. To effectively reduce the noise level 
of ships, it is necessary to use materials with high specific strength, high specific modulus, and good damping properties 
in the design of bases. This helps to reduce the weight of the base and suppress vibration transmission. Therefore, this 
paper takes metal material bases as the research input and composite material bases as the research target, aiming to meet 
the important requirements of weight reduction and noise reduction. 

2. Theoretical Models 

2.1 Numerical Model 

The sound transmission structure comprises three components: the incident medium (water), the sound-transmitting mate-
rial, and the terminal water medium (Fig. 1). The acoustic equivalence of perforated structures with uniform porosity has 
been rigorously validated. For simplification, the laminate was modeled as a 2D axisymmetric structure, with defects 
represented as thin cylindrical cavities. A plane wave was incident from the upper water domain, transmitted through the 
composite, and absorbed by perfectly matched layers (PML) at both boundaries. The symmetrical axis (red dashed line in 
Fig. 1) and defect boundaries were defined as free surfaces, while the right boundary was constrained radially (r-direction). 

 
Figure 1. Schematic Diagram of Acoustic Transmission Model Structure. 

The fluid-structure interactions were modeled by solving the coupled acoustic-structural equations [3, 6, 9]: 

�
𝐾𝐾𝑠𝑠 − 𝜔𝜔2𝑀𝑀𝑠𝑠 𝑅𝑅𝑇𝑇

−𝜌𝜌0𝜔𝜔2𝑅𝑅 𝐾𝐾𝑓𝑓 − 𝐶𝐶𝜑𝜑 − 𝜔𝜔2𝑀𝑀𝑓𝑓
� �
𝑢𝑢
𝑝𝑝� = �

𝐹𝐹𝑠𝑠
𝐶𝐶𝑓𝑓
�                            (1) 

where 𝑀𝑀𝑓𝑓, 𝐾𝐾𝑓𝑓 represent the mass and stiffness matrices of the water, respectively. The variable 𝑝𝑝 denotes the acoustic 
pressure at the fluid nodes, while 𝑢𝑢 signifies the normal displacement at the structural nodes. The matrix 𝑅𝑅 is determined 
by the coupling effects between the structural domain and the fluid domain. 𝐶𝐶𝜑𝜑 represents the velocity gradient on the fluid 
boundary, and 𝐶𝐶𝑓𝑓 denotes the equivalent load acting on the fluid boundary. The acoustic-structure coupling equations of 
the entire model are solved using numerical methods. Subsequently, the acoustic power at the incident surface 𝑃𝑃𝑖𝑖𝑖𝑖 and the 
transmitted surface 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜 is integrated, and the transmission loss can be expressed as [8-10]: 

𝑇𝑇𝑇𝑇 = −10𝐿𝐿𝑜𝑜𝑜𝑜 𝑃𝑃𝑖𝑖𝑖𝑖
𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜

                                      (2) 
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2.2 Mathematical Model 

To derive the sound transmission and reflection coefficients of a laminated plate with defects, the acoustic material is first 
divided into three layers: the incident-side homogeneous layer, the defect layer, and the transmission-side homogeneous 
layer. For each of the three layers, the equivalent density and equivalent sound velocity must be calculated separately. The 
sound pressure and particle velocity at the incident and transmission ends of each layer are expressed in matrix form. 
Subsequently, the transfer matrix method for multilayer media is employed to determine the input impedance, reflection 
coefficient, and sound transmission coefficient of the entire model. 

The equivalent complex wavenumber 𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒 for the cylindrical cavity within the laminated plate can be expressed as [5]: 

𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑘𝑘1�
1

1+3𝜀𝜀2
(1 + 𝜆𝜆

𝜇𝜇
𝜀𝜀2)                                   (3) 

In the equation, 𝜀𝜀 = 𝑟𝑟 𝑅𝑅⁄  represents the perforation ratio of the cylindrical cavity, while 𝑘𝑘1, 𝜆𝜆, and 𝜇𝜇denote the lon-
gitudinal wavenumber and Lamé constants in the homogeneous laminated plate, respectively. Once the complex wave-
number is known, the equivalent longitudinal wave velocity can be expressed as [8]: 

𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒 = 2𝜋𝜋𝜋𝜋 𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒⁄                                        (4) 

The equivalent density of the defect layer can be expressed as: 
𝜌𝜌𝑒𝑒𝑒𝑒𝑒𝑒 = (1 − 𝜀𝜀2)𝜌𝜌1 + 𝜀𝜀2𝜌𝜌2                                   (5) 

In the equation, 𝜌𝜌1 represents the density of the laminated plate, and 𝜌𝜌2 denotes the density of the defect medium. The 
variable 𝑓𝑓 corresponds to the frequency of the incident plane wave. 

Assuming that the plane wave propagates from the incident-side water domain and enters the acoustic material vertically, 
the sound pressure and normal velocity at the interface between two adjacent layers can be expressed in matrix form as [3, 
9]: 

�
𝑝𝑝𝑖𝑖
𝑣𝑣𝑖𝑖� = �

𝑐𝑐𝑐𝑐𝑐𝑐(𝑘𝑘𝑖𝑖𝑑𝑑𝑖𝑖) 𝑗𝑗𝜌𝜌𝑖𝑖𝑐𝑐𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠(𝑘𝑘𝑖𝑖𝑑𝑑𝑖𝑖)
𝑗𝑗𝑠𝑠𝑠𝑠𝑠𝑠(𝑘𝑘𝑖𝑖𝑑𝑑𝑖𝑖)

𝜌𝜌𝑖𝑖𝑐𝑐𝑖𝑖
𝑐𝑐𝑐𝑐𝑐𝑐(𝑘𝑘𝑖𝑖𝑑𝑑𝑖𝑖)

� �
𝑝𝑝𝑖𝑖+1
𝑣𝑣𝑖𝑖+1�                            (6) 

In the equation, 𝑝𝑝𝑖𝑖 and𝑣𝑣𝑖𝑖 represent the sound pressure and normal particle velocity at the incident interface of the 𝑖𝑖-th 
layer, respectively, where 𝑗𝑗 = √−1. Based on the continuity of sound pressure and normal particle velocity between ad-
jacent media, the relationship between the sound pressure and particle velocity at the incident and transmission ends of the 
entire medium can be expressed as a product of matrices. The model studied in this work consists of three layers, and the 
total transfer matrix can be expressed as [4, 9]: 

�
𝑝𝑝𝑖𝑖𝑖𝑖
𝑣𝑣𝑖𝑖𝑖𝑖� = 𝑇𝑇1 × 𝑇𝑇2 × 𝑇𝑇3 �

𝑝𝑝𝑜𝑜𝑜𝑜𝑜𝑜
𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜� = �𝑇𝑇11 𝑇𝑇12

𝑇𝑇21 𝑇𝑇22
� �
𝑝𝑝𝑜𝑜𝑜𝑜𝑜𝑜
𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜�                          (7) 

Once the transfer matrix T of the entire structure is obtained, the input impedance 𝑍𝑍𝑖𝑖𝑖𝑖, the complex sound pressure 
reflection coefficient 𝜎𝜎 and the complex sound pressure transmission coefficient 𝜏𝜏 of the multilayer material can be 
expressed as [4, 9]: 

𝑍𝑍𝑖𝑖𝑖𝑖 = 𝑝𝑝𝑖𝑖𝑖𝑖
𝑣𝑣𝑖𝑖𝑖𝑖

                                           (8) 

𝜏𝜏 = 𝑝𝑝𝑡𝑡
𝑝𝑝𝑖𝑖

= 2 �𝑇𝑇11 + 𝑇𝑇12
𝑍𝑍𝑡𝑡𝑡𝑡

+ 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑇𝑇21 + 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖
𝑍𝑍𝑡𝑡𝑡𝑡
𝑇𝑇22�

−1
                           (9) 

𝜎𝜎 = 𝑝𝑝𝑟𝑟
𝑝𝑝𝑖𝑖

=
𝑇𝑇11+

𝑇𝑇12
𝑍𝑍𝑡𝑡𝑡𝑡

−𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑇𝑇21−
𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖
𝑍𝑍𝑡𝑡𝑡𝑡

𝑇𝑇22

𝑇𝑇11+
𝑇𝑇12
𝑍𝑍𝑡𝑡𝑡𝑡

+𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑇𝑇21+
𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖
𝑍𝑍𝑡𝑡𝑡𝑡

𝑇𝑇22
                                 (10) 

In the equation, 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖and 𝑍𝑍𝑡𝑡𝑡𝑡represent the acoustic impedance of the fluid medium on the incident side and the trans-
mission side, respectively. In this study, both the incident and transmission sides are water, with an acoustic impedance of 
1.5 × 106 𝑘𝑘𝑘𝑘 𝑚𝑚2⁄ 𝑠𝑠. 

The transmission loss TL can be expressed as [11, 12]: 
𝑇𝑇𝑇𝑇 = −20𝑙𝑙𝑙𝑙𝑙𝑙|𝜏𝜏|                                      (11) 
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2.3 Experimental Principle 

The underwater acoustic tube testing system is specialized equipment designed for the evaluation and testing of the acoustic 
performance of small-scale models of underwater acoustic materials. The entire system comprises four sets of testing 
devices with different tube diameters. In this study, the Ф120mm pulse tube system is selected, which has a tube length of 
10 meters and is suitable for a frequency range of 0.5 kHz to 8 kHz. The system’s testing pressure range spans from 0 MPa 
to 6 MPa, and the testing temperature range is between 4°C and 40°C. 

 
Figure 2. Hydroacoustic Test System. 

Figure 4 illustrates the schematic diagram of the transmission loss measurement principle. The incident plane wave is 
absorbed and reflected within the underwater acoustic tube. Two microphones are positioned in front of and behind the 
test material to measure the sound pressure at their respective locations. The standing wave separation method is employed 
to separate the incident wave from the reflected wave, thereby obtaining the transmission coefficient and reflection coef-
ficient. The formulas for calculating the transmission coefficient and reflection coefficient are as follows [8, 12]: 

𝑡𝑡 = sin(𝑘𝑘·𝑠𝑠1)·𝑝𝑝3𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗2−𝑝𝑝4
sin(𝑘𝑘·𝑠𝑠2)·𝑝𝑝1−𝑝𝑝2𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗1

𝑒𝑒𝑗𝑗𝑗𝑗(𝐿𝐿1+𝐿𝐿2)                               (12) 

𝜎𝜎 = 𝑝𝑝𝑟𝑟
𝑝𝑝𝑖𝑖

= 𝑝𝑝1𝑒𝑒−𝑖𝑖𝑖𝑖𝑖𝑖1−𝑝𝑝2
𝑝𝑝2−𝑝𝑝1𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖1

                                     (13) 

where p1, p2, p3, and p4 represent the complex sound pressure signals at microphones A, B, C, and D, respectively, and k 
denotes the complex wavenumber. The transmission loss of the tested sample can be expressed as [12]: 

𝑇𝑇𝑇𝑇 = −20𝑙𝑙𝑙𝑙𝑙𝑙10�𝑡𝑡𝑝𝑝�                                     (14) 

 
Figure 3. Sound Isolation Test Schematic. 
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2.4 Example Verification 

A laminated plate with a thickness of 50 mm is adopted, assuming no structural defects within it. Solid elements are used 
for modeling, with a single layer thickness of 0.2 mm and orthogonal layering. The structural mechanical parameters are 
as follows: Young’s modulus 𝐸𝐸1 = 𝐸𝐸2 = 20𝐺𝐺𝐺𝐺𝑎𝑎，𝐸𝐸3 = 6𝐺𝐺𝐺𝐺𝑎𝑎); shear modulus 𝐺𝐺12 = 𝐺𝐺23 = 4𝐺𝐺𝐺𝐺𝑎𝑎，𝐺𝐺13 = 6𝐺𝐺𝐺𝐺𝑎𝑎; 
Poisson’s ratio 𝜇𝜇12 = 𝜇𝜇12 = 0.12，𝜇𝜇23 = 0.2; and density 𝜌𝜌 = 1600𝑘𝑘𝑘𝑘/𝑚𝑚3. The density of water is 𝜌𝜌 = 1000𝑘𝑘𝑘𝑘/𝑚𝑚3, 
and the sound velocity is 𝑣𝑣 = 1500𝑚𝑚/𝑠𝑠. The experimental values (EXP), analytical solutions (TMT), and numerical so-
lutions (FEM) are shown in Figure 4: 

 
Figure 4. Comparison of EXP, TMT and FEM. 

As shown in Figure 4, the numerical model and analytical model adopted in this study exhibit excellent agreement with 
the experimental values. Specifically, the two-dimensional axisymmetric model used to simulate the laminated plate sig-
nificantly reduces the number of mesh elements compared to a three-dimensional model, thereby improving computational 
efficiency. The numerical calculation method will continue to be employed in subsequent computations. 

3. Results and Discussion 

The numerical calculations are performed using a unit cell structure of an underwater sound-transmitting structure con-
taining a thin cylindrical defect. The center of the defect coincides with the geometric center of the unit cell’s sound-
transmitting structure. Tables 1 and 2 provide the dimensions and material parameters of the sound-transmitting structure 
and its defect, respectively. 

Table 1. Geometric Dimensions of Acoustic Transmission Structure Elements 

Dimensions Value 

Structure thickness D/mm 50 

Structure radius R/mm 200 

Defect radius r/mm 50 

Defect thickness t/mm 1 

Defect position height h/mm 24.5 
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Table 2. Acoustic Transmission Structure and Defect Material Parameters 

Materials Poisson’s ratio Density 
kg/m3 

Modulus 
GPa Loss factor 

Resin 0.33 1200 6 0.01 

 Density 
kg/m3 

Sound velocity 
m/s 

Air 1.29 340 

Vacuum - - 

Water 1000 1500 

3.1 Effect of Defect Fillers on Acoustic Transmission Performance 

During the fabrication of laminated plates, delamination defects may occur due to interlayer fiber deficiencies. In practical 
manufacturing, these delamination defects could be filled with air, resin, or, considering the operational environment of 
sound-transmitting materials, water. This study first investigates the influence of different defect fillers on the transmission 
loss of the structure. 

As shown in Figure 5, when the delamination defects are filled with water or resin, the transmission loss curves closely 
approximate the defect-free scenario, indicating minimal impact on the overall sound-transmitting performance of the 
laminated plate. In contrast, significant fluctuations in transmission loss are observed when defects are filled with air or 
vacuum, demonstrating substantial effects of air-filled interlayer defects on acoustic performance. The first transmission 
loss peak appears at 4151 Hz, while the maximum peak across the frequency band occurs at 25901 Hz. To clarify the 
origin of these peaks, displacement amplitude contour plots at these two frequencies are provided in Figure 6. 

For resin-filled defects (Figures 6d, 6h), the acoustic impedance matching between solid media allows acoustic waves 
to propagate through the interlayer with negligible attenuation, resulting in lower transmission loss. For water-filled defects 
(Figures 6c, 6g), the acoustic velocity in water is much higher than in air and closer to that in the composite material, 
leading to stronger acoustic-structure coupling effects. This explains why thin water layers allow acoustic waves to prop-
agate with minimal reflection at coupling interfaces, thereby reducing energy loss. Conversely, air-filled or vacuum defects 
exhibit weaker coupling effects (air-solid) or no coupling (vacuum), as shown in Figures 6a, 6b,6e, and 6f. The displace-
ment patterns of these two configurations are nearly identical. In such cases, the delamination interface can be approxi-
mated as a rigid acoustic boundary. Upon wave incidence, full reflection occurs at the defect boundary, generating inter-
ference with incident waves and enhancing the conversion of longitudinal waves to transverse waves. This results in radial 
variations in the displacement contour plots, which are frequency-dependent, as illustrated in Figures 6b and 6f. 

 
Figure 5. Effect of Different Defect Fillers on Acoustic Transmission Performance. 
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a vacuum 4151Hz                                        b air 4151 Hz 

        
c water 4151 Hz                                         d resin 4151 Hz 

       
e vacuum 25901 Hz                                       f air 25901 Hz 

        
g water 25901 Hz                                         h resin 25901 Hz 

Figure 6. Displacement Contour Plot at Transmission Loss Peak Position. 

3.2 Effect of Layered Thickness on Acoustic Transmission Performance 

During the fabrication of laminated plates, interlayer defects are more commonly filled with resin or air. While resin-filled 
defects have a negligible impact on the overall sound-transmitting performance of the material, air-filled defects 
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significantly affect the acoustic properties. Given this characteristic, this study will primarily focus on the influence of air-
filled interlayer defects on acoustic performance. It is important to note that, when the defect thickness is treated as a 
variable, the defect radius is set to 25 mm, and other parameters follow the default values provided in Table 1. 

 
Figure 7. Effect of Defect Thickness on Acoustic Transmission Performance. 

         
a t=1mm 8101Hz                                         b t=4mm 8101Hz 

         
c t=7mm 8101Hz                                         d t=10mm 8101Hz 

Figure 8. Displacement Amplitude Contour Plot for Different Defect Thicknesses. 

From Figure 7, it can be inferred that the effect of the layer defect thickness on acoustic transmission performance is 
relatively weak. The transmission loss defects exhibit peak values only at a few specific frequency points, and the overall 
trend of the curve remains approximately consistent. At the same frequency, the displacement amplitude contour plot, 
shown in Figure 10, indicates that with the increase in defect thickness, the scattering effect of the cavity on the sound 
wave intensifies, and the interference between the incident and scattered waves increases. However, this phenomenon is 
relatively weak, suggesting that when the defect radius is fixed, the cavity thickness has a minimal impact on acoustic 
transmission performance. 
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3.3 Effect of Layered Radius on Acoustic Transmission Performance 

The layered thickness of the cavity is defined as 5 mm, and the defect region medium is defined as air. All other parameters 
remain unchanged, and the study focuses solely on the effect of defect radius on the acoustic transmission performance of 
the laminate. The transmission loss curve is shown in Figure 9. 

 
Figure 9. Effect of Defect Radius on Acoustic Transmission Performance. 

    
a r=5mm 4051Hz                                   b r=10mm 4051Hz 

      
c r=20mm 4051Hz                                  d r=50mm 4051Hz 

Figure 10. Displacement Amplitude Contour Plot for Different Defect Radius. 

As shown in Figure 9, with the defect thickness set to t = 1 mm, and the defect radius increasing from r = 5 mm to r = 
20 mm, there is no significant change in the overall transmission loss of the structure. However, when the defect radius 
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reaches r = 20 mm, several prominent peaks are observed. This is because, with the increase in cavity radius, the transmis-
sion loss becomes more significantly influenced by the resonance of the cavity. The air cavity exhibits multiple acoustic 
modes, and at the resonance frequencies, sound waves encounter significant difficulty in transmission. Nevertheless, when 
ε = 20%, the entire curve exhibits multiple spurious peaks, indicating that the transmission material no longer possesses 
good acoustic transmission properties. The acoustic signal transmitted through the material experiences distortion and even 
cutoff. Specifically, with an increase in defect cavity radius, more low-frequency acoustic modes are generated, resulting 
in multiple transmission loss peaks at lower frequencies. 

From the displacement contour plot in Figure 10, it can be observed that when the model has small defects (ε ≤ 10%), 
the overall displacement characteristics of the model undergo minimal change. Only at the cavity locations are extreme 
displacement amplitude regions observed, indicating that sound waves are reflected at these positions. This reflection 
phenomenon is clearly visible in Figure 10(b), where the overall acoustic performance of the model is completely altered. 
At this level of defect, the material’s acoustic transmission capability has failed. 

3.4 Effect of Layered Radius on Acoustic Transmission Performance 

In this subsection, only the effect of the defect’s axial position on acoustic transmission performance is considered. The 
defect radius is set to r = 20 mm, and the defect thickness is assumed to be t = 1 mm. The defect position, denoted as h, is 
varied, and the numerical simulation results are shown in Figures 11 and 12. 

 
Figure 11. Effect of Defect Position on Sound Transmission Performance. 

    
a h=5mm 9201Hz                                 b h=10mm 9201Hz 
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c h=25mm 9201Hz                                   d h=45mm 9201Hz 

Figure 12. Displacement Amplitude Contour Plot for Different Defect Positions. 

The curve shown in Figure 12 illustrates the effect of defect position on the acoustic transmission performance of the 
material. Overall, the defect position has a minimal impact on the acoustic properties of the transmission material, with 
only a few frequency points exhibiting isolation peaks. It is noteworthy that the defect size remains unchanged, meaning 
the acoustic cavity modes are not altered. However, the peak values of the transmission loss curves corresponding to 
defects at different positions are not identical. This phenomenon arises because changes in defect position affect the struc-
tural modes, altering the coupling degree between the modes, which leads to varying degrees of sound wave reflection. As 
a result, the transmission loss peaks are dispersed. 

Figure 12 displays the peak displacement contour at a defect position of h = 45 mm and a frequency of 9201 Hz, com-
paring it with other calculation groups. From Figure 12, it can be observed that when the defect is closer to the incident 
surface, the reflection of sound waves is intensified, weakening the acoustic transmission performance. Conversely, when 
the defect is closer to the transmission surface, it affects the sound wave transmission, causing a local impedance mismatch. 
In contrast, when the defect is near the neutral plane, the overall vibrational characteristics of the structure are less affected, 
leading to minimal impact on the overall acoustic properties. 

4. Conclusion 

This study systematically investigates the effect of internal defects on the local acoustic transmission performance of vinyl-
glass fiber reinforced composite materials. The accuracy of the proposed model has been validated through a comparison 
of analytical solutions, numerical solutions, and experimental results. By plotting transmission loss curves and displace-
ment amplitude contour maps at different peak frequency points, the impact of the defect structure on the acoustic proper-
ties of the transmission material is analyzed. 
(1) When the defect filler is water or resin, the impact of the structural defect on the local acoustic transmission perfor-

mance is negligible. However, when the defect filler is air or vacuum, the scattering of sound waves at the defect 
interface significantly affects the acoustic transmission performance of the entire structure. 

(2) When the defect thickness is altered, the scattering effect at the defect interface remains unchanged, ensuring that the 
overall acoustic performance of the structure remains good. The position of the transmission loss peak is related to the 
wavelength of the incident wave and the position of the reflection interface. 

(3) For larger defect radii, the impact on the acoustic transmission performance of the structure becomes more significant. 
When ε = 20%, the acoustic transmission performance of the structure is no longer guaranteed. Conversely, when ε ≤ 
10%, the effect of such defects on the acoustics is negligible. 

(4) The impact of defect position on the acoustic performance of the structure is relatively weak. In particular, when the 
defect is close to the neutral plane, its effect on the acoustic properties is minimal. On the other hand, when the defect 
is near the incident surface, it causes severe sound wave reflection. 
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