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Sandwich structures are employed in many different fields including automobile, marine, and aircraft structures.  

However, debonding may take place at the core-face sheet interface, reducing the stiffness of the structure. Debonding may 

occur for a variety of reasons, including initial manufacturing faults, changes in service loads, tool drops, and foreign object 

impacts. It is critical to comprehend how debonding zones impact the vibration of sandwich structures because decreases in 

the natural frequencies (NF) could lead to a structure vibrating at resonance and lead to structural failure. This paper investi-

gates the influence of debonding shapes and debonding locations on the free-vibration behavior of sandwich structures. Dif-

ferent sandwich structures that have varied debonding shapes at various locations are modeled using COMSOL 

MULTIPHYSICS. Debonding is modeled by using the CZM model. Validation studies were performed to validate the current 

study. After the validation study, free vibration analysis of all the sandwich structures was performed and the first six NF  

were obtained from the simulations. The results show the influence of the debonding shapes and debonding locations on the 

NF of the sandwich structures. From the results, it was observed that both the debonding shapes and debonding locations sig-

nificantly change the NF of the sandwich structures. The debonding shapes cause a reduction and an increase depending on 

the debonding location. It was also revealed that both debonding shapes and debonding locations have a significant effect  

on the vibration behavior of sandwich structures. Using this method, the debonding shape and location, delamination shape, 

and location can be predicted using machine learning algorithms. This study includes free vibration analysis of sandwich 

structures with different debonding shapes and locations, and the results show that natural frequencies change depending on 

the debonding shapes and locations. This information can be implemented in machine learning for use in the field of damage 

detection and utilized to predict the shape and location of delamination in sandwich structures. 
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INTRODUCTION 

Nowadays, development in industry is of utmost 
importance. Technology, which is always evolving, 
calls for sophisticated materials. As a result of this, re-
searchers are looking for improved materials [1, 2]. 
When excellent damping qualities, manufacturing  
diversity, fatigue resistance, high stiffness-to-weight, 
and strength-to-weight ratios are sought, sandwich 
structures are one of the top candidates to replace con-
ventional materials [3, 4]. Sandwich structures are het-
erogeneous composite structures comprised of two or 
more different types of materials. When the qualities of 
many materials are combined, they provide qualities 
that are superior to those of each material alone [5]. 
Since sandwich structures provide better mechanical 
properties than their monolithic components and con-
ventional materials, they are used especially in aviation, 
and marine applications. However, due to the chosen 
manufacturing method of the sandwich structure, some 
problems like unbonded regions occur. Because of  
environmental effects, a part of the sandwich structure 

could be damaged. Also, as a consequence of the appli-
cation field where sandwich structures are used, they 
are mostly under dynamic loadings [6]. Therefore, it is 
important to study and evaluate the dynamic character-
istics of sandwich structures under the assumption that 
the sandwich structure has undergone debonding. 
Debonding is one of the most serious flaws in sandwich 
structure materials [7]. Debonding, which occurs be-
tween the face and the core, might be a major challenge 
for designers. Debonding causes could be related to 
problems with the initial production or with service 
loads. Debonding may significantly reduce the load-
bearing capacity of sandwich structures and have an 
impact on their mechanical behaviors. It is therefore 
important to investigate the influence of debonding on 
the dynamic performance of sandwich structures. 

There are many accounts of investigations on the 
free vibration of sandwich structures with debonding in 
the literature. For example, Mohanan et al. studied the 
effectiveness of sandwich structures in the presence of 
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debonding and dents. ANSYS 13.0. was used to evalu-
ate the buckling load factor, NF, mode shape, and mod-
al strain energy. From the study, it was observed that 
debonding affects the performance of a sandwich struc-
ture more adversely than dents. It was also found that 
the presence of debonding and dents do not significantly 
affect the NF; nevertheless, debonding causes a signi-
ficant reduction in the buckling load factor [8]. 
Moustapha et al. evaluated the damping of sandwich 
structures in the presence of debonding. The influence 
of debonding with different lengths on the NF and 
damping was evaluated experimentally and numerical-
ly. From the results, it was found that debonding signif-
icantly affects the NF and damping of sandwich struc-
tures [9]. Baba investigated the influence of debonding 
on the free vibration of flat and curved sandwich struc-
tures by experimental and numerical methods. From the 
results, it was concluded that debonding and curvature 
angles have a significant effect on NF. Also, it was  
observed that debonding causes a reduction in the NF of 
sandwich structures [10]. Burlayenko and Sadowski 
investigated the vibration behavior of sandwich struc-
tures with debonding at the core-face sheet interface. 
The study was conducted using the finite element 
method in ABAQUS software. Under different bounda-
ry conditions, the effects of debonding, size, and loca-
tion on the free vibration behavior of sandwich struc-
tures were evaluated [11]. Kim and Hwang investigated 
the influence of debonding on the NF and on the flexur-
al bending stiffness of the sandwich structure. A split 
sandwich beam model was employed in the study. 
Flexural stiffness and NF were studied in relation to the 
level of debonding. From the results, it was concluded 
that increasing face sheet layer debonding reduces the 
flexural stiffness of sandwich structures. Moreover, it 
was found that increasing the extent of debonding re-
duces the NF of sandwich structures [12]. Baba and 
Thoppul examined how curvatures and debonding  
affected the stiffness and strength of composite sand-
wich beam constructions. Four-point bending and the 
impulse frequency response approach were employed to 
evaluate the flexural stiffness and strength. According 
to the results of vibration tests, curvature, and debond-
ing have a minimal impact on NF and the apparent 
stiffness but have a considerable impact on loss factors 
[13]. Tsai and Taylor investigated the effect of debond-
ing on the NF of flat and curved sandwich structures. 
Flat and curved sandwich structures were subjected to 
hammer impact tests and finite element simulations. 
From the results, it was observed that both curvature 
and debonding have an effect on the NF of sandwich 
structures [14]. Burlayenko and Sadowski studied the 
free vibration of a sandwich plate having sin-
gle/multiple debonding. ABAQUS software was used to 
calculate the dynamic properties of sandwich plates 
with and without debonding, including the NF and cor-
responding mode shapes.  The influence of the size, 
location, and number of sites with debonding on the 
dynamic behavior of sandwich structures was ascer-
tained [15]. Sadeghpour et al. investigated the  

vibration behavior of a debonded curved sandwich 
structure. The governing equations were derived  
and solved by means of the Rayleigh-Ritz method  
and the Lagrange principle. Finite element software  
ANSYS Workbench was utilized to verify the results. 
The analyses show that the curvature angle and bounda-
ry conditions have a significant impact on how  
a curved beam responds to vibration. The findings also 
demonstrate that the debonding effect on the NF is 
about the same for both flat and curved beams [16]. 
Tsai and Taylor researched the vibration behavior of 
sandwich structures that have single and double 
debonding. To analyze the vibration characteristics of 
sandwich structures, impact tests, and finite element 
methods were carried out. From the results, it was 
found that the debonded parts reduced the fundamental 
frequencies of the sandwich structures [17]. Idriss et al. 
studied the vibration behavior of sandwich structures 
with debonding regions. Linear and nonlinear vibration 
methods were employed in the study. The findings 
demonstrated that compared to the linear parameters, 
the nonlinear parameters were substantially more sensi-
tive to damage [18]. Tsai researched the effect of differ-
ent face sheet-core interface delamination configura-
tions and face sheet arrangement orientations on the 
vibration behavior of composite sandwich beams.  
The findings revealed that maintaining distance be-
tween delaminations affected the vibration node posi-
tion, an effect that resulted in larger reductions in the 
natural frequencies [19]. Kalgutkar and Banerjee inves-
tigated the free vibration of stiffened composite plates 
under hygrothermal conditions, emphasizing interfacial 
debonding at the plate-stiffener interface. Utilizing 
a simplified finite element model, the research consid-
ered three laminate schemes and revealed that extreme 
environmental conditions notably affect the natural fre-
quency of the panel. The developed model proved to be 
computationally efficient, offering insights into the free 
vibration behavior of the debonded stiffened panel in 
hygrothermal environments [20]. 

When the literature is taken into consideration, the 
effects of debonding have been investigated by the re-
searchers as previously mentioned. The shape, length, 
and location of debonding are important parameters. 
Even though the length of debonding has been investi-
gated, there is no study that investigated the influence 
of the shape and location of debonding on the NF of 
sandwich structures. Therefore, this study aims to  
numerically evaluate the effects of the location and 
shape of debonding on the NF of sandwich structures.   

Motivation 

The motivation behind the study is driven by the 
importance of sandwich structures in various industries, 
including automobile, marine, and aircraft applications. 
Sandwich structures are valued for their excellent 
damping qualities, manufacturing diversity, and fatigue 
resistance, in addition to high stiffness-to-weight  
and strength-to-weight ratios. Nonetheless, debonding, 
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which can occur at the core-face sheet interface, poses  
a significant challenge, potentially reducing the stiff-
ness of the structures. The study aims to understand 
how different debonding shapes and locations impact 
the free-vibration behavior of sandwich structures. 

Novelty 

The novelty of the study lies in its investigation of 
the combined effects of debonding shapes and locations 
on the natural frequencies of sandwich structures. While 
previous research has explored the impact of debonding 
on these structures, the specific focus on the shape and 
location of debonding as key parameters makes this 
study unique. The authors utilize numerical simulations 
and finite element analysis, implemented by means of 
COMSOL Multiphysics, to model and analyze sand-
wich structures with various debonding shapes and lo-
cations. 

The subsequent sections are as follows: in the Mate-
rial and Methods section of the study, the parameters, 
modeling process, and debonding scenarios of the simu-
lations performed with COMSOL MULTIPHYSICS 
software are explained in detail. Additionally, the phys-
ical properties and material components of the sand-
wich structure samples are specified. In the Results  
section, the findings obtained by means of these  
methods and the effects of different debonding methods 
are briefly summarized. 

MATERIALS AND METHODS 

In this study, the finite element method was used. 
Different sandwich structures were modeled using 
COMSOL MULTIPHYSICS as shown in Figure 1 to 
evaluate the effects of the debonding shape and its loca-
tion on the vibration behavior of sandwich structures. 
The configuration of sandwich structures was 90°/0°/ 
Foam/ 0°/90°. Glass fiber and polyvinyl chloride (PVC) 
foam were used for the face sheet and core materials, 
respectively. The thickness of the glass fiber and PVC 
foam were 0.2 mm and 10 mm, respectively.  

The length of the sandwich structures was 300 mm, 
while the width was 30 mm. The properties of the  
materials used in the study are given in Table 1. Free 
vibration analysis was carried out in COMSOL 
MULTIPHYSICS to obtain the NF. The analysis was 
performed under cantilever boundary conditions. 
Debonding in sandwich structures can be modeled by 
using a cohesive zone model (CZM). Hence, in this 
study, CZM was implemented by means of COMSOL 
MULTIPHYSICS and using the parameters in [21]. 
CZM is a widely used modeling approach for the analy-
sis of damage and separation processes at material inter-
faces. This model helps us understand and simulate the 
behavior of debonding formed at the material interface. 
Debonding was assigned at 20 mm intervals along its 
length from the fixed end (20 mm from the fixed end) 
to the free end (280 mm from the fixed end) of the 
sandwich structure through its center using a parameter 
sweep tool (Fig. 1). Different-shaped delamination was 
introduced to the sandwich structures as shown in  
Figure 1. All the delamination shapes have the same 
area (314 mm2).  

 
TABLE 1. Properties of materials considered for analysis [22] 

Property Glass fiber PVC foam 

Density [kg/m3] 2000 60 

Young’s modulus Ex [Pa] 4.5e+10 7e+07 

Young’s modulus Ey [Pa] 1e+10 - 

Young’s modulus Ez [Pa] 1e+10 - 

Poisson’s ratio vxy 0.3 0.3 

Poisson’s ratio vyz 0.4 0.3 

Poisson’s ratio vzx 0.3 0.3 

Modulus of rigidity Gxy [Pa] 5e+09 2.6923e+07 

Modulus of rigidity Gxz [Pa] 3.8462e+09 2.6923e+07 

Modulus of rigidity Gyz [Pa] 5e+09 2.6923e+07 

 

The data obtained from the simulation is too big to 
present in this paper, therefore the statistical properties: 
the mean, standard deviation (SD), and minimum and 
maximum values of each sandwich sample are present-
ed in Table 2.  

 

 
Fig. 1. Debonding: a) triangular debonding, b) rectangular debonding, c) pentagonal debonding, d) hexagonal debonding, and e) circular debonding 
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TABLE 2. Statistical properties of sandwich samples 

Delamination shape 
Statistical  

properties 

Mode 1 

[Hz] 

Mode 2 

[Hz] 

Mode 3 

[Hz] 

Mode 4 

[Hz] 

Mode 5 

[Hz] 

Mode 6 

[Hz] 

 

 

Circular 

 

Mean  97.04 171.71 487.29 504.26 999.20 1103.82 

std 0.1034 0.1417 2.9292 3.1036 1.6149 8.210 

Max  97.147 171.840 489.700 507.440 1001.500 1111.400 

Min  96.814 171.400 480.460 498.150 996.630 1081.900 

 

 

Triangular 

 

Mean 97.0047 171.64 486.862 502.616 999.428 1102.992 

std 0.0536 0.0611 1.8926 1.2461 0.9202 5.7442 

Max 97.056 171.800 488.200 505.400 1001.400 1107.200 

Min 96.860 171.57 481.920 500.920 998.179 1086.300 

 

 

Rectangular 

 

Mean 96.996 171.632 486.702 502.485 999.501 1102.414 

std 0.0493 0.0536 1.8059 1.2157 1.9603 5.1953 

Max 97.059 171.790 488.030 506.320 1005.200 1106.800 

Min 96.895 171.540 482.460 500.690 997.820 1088.300 

 

 

Pentagonal 

 

Mean 97.015 171.662 486.846 503.282 998.979 1102.328 

std 0.1031 0.1461 3.0397 2.8423 1.8301 8.6238 

Max 97.124 171.870 489.760 508.320 1002 1110.400 

Min 96.780 171.340 479.710 497.600 995.970 1079.300 

 

 

Hexagonal 

 

Mean 97.021 171.692 487.167 503.459 999.612 1103.878 

std 0.0637 0.0712 2.0786 1.3462 0.8044 6.0990 

Max 97.101 171.850 489.040 506.470 1001.300 1110.200 

Min 96.867 171.550 481.880 501.010 998.100 1086.700 

 
Governing equation 

In this section, the equation of motion for a sand-
wich structure is explained. The mathematical model 
was adopted from [23]. Sandwich beam cross sections 
have two symmetry axes, y, and z. Sandwich construc-
tion with two symmetrical cross sectional planes may 
experience flexural vibration in one plane and torsional 
vibration in the other. There are 3 sets of vibrations, 
namely, w1 = wy, w2 = wz and w3 = wψ. Where w1 and  

w2 represent the vibration in the x – z and x – y planes, 
respectively, and w3 is torsional vibration. In this paper, 
just the vibration in the x – z  plane is given. The fol-
lowing are the equilibrium equations: 

 
o

xz xz

w
x

x



 


     

      
 2
2 0

0

ox

x

x

dV
f w
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dM
V

dx

  

 
    (1) 

where xxz and γxz are the rotation of the normal in the  
x – z plane and transverse shear strain, respectively.  
wo is the deflection and ρ is the mass per unit, Mx repre-
sents the bending moment of the beam, and Vx repre-
sents the shear force.  

The bending moment of the sandwich beam and the 
transverse shear force for a symmetrical plate are as 
follows: 

 11 11,  xzx

x x xz

x

M D V S 


  


  (2) 

Equations (2), (3) along with Eq. (1) give the fol-
lowing equation along with compliance matrix S11 and 
stiffness matrix D11 
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The related equations for a sandwich beam in vibra-
tion are as follows: 

 
 

3
2

3

2

2

2 0

0

d x
EI f w

dx

d x dw
EI S x

dx dx
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 (4) 

where EI and S are the bending and shear stiffness of 
the sandwich structure and ρ′ is mass per unit length. 

When D11, S11, and ρ are substituted with EI, S, and 

ρ′, the equations describing the vibration of a sandwich 
structure (symmetrical layup) and an isotropic sandwich 
beam are identical. 

Rearranging Eq. (5) by considering 2(2 ) op f w   

Eq. (6) is obtained 

 

3

3
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 (5) 
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Equation (6) can be rearranged as follows: 

 
4 2

2 4 2

1 1 1
0

d x d x
x

w dx S dx EI
       (6) 

 
3
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EI d x
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w dx
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The solution of Eq. (7) is:  
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When this equation is substituted in Eq. (8), the follow-
ing expression is obtained: 
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3 3

3 43 3

sinh cosh

sin cos

yy
EI v v v v

w C x C x
w L L L L

C x C x
L L L L



   


 




  



  (9) 

where L is the overall length of the sandwich structure 
and C1-C4 are constants that are ascertained from the 
boundary conditions;  and v are determined as follows: 
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From Eq. (11) the following is obtained: 

 
2 2

2

1 1 1L L

w EI S
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When Eqs. (11) and (12) are combined, the follow-
ing equation is obtained: 

2 2 2 2

2
0

EI
v v

SL
        (13) 

Equations (9), (10), (13), and (14), along with the 
boundary conditions, give the frequencies of the sand-
wich structure.    

RESULTS AND DISCUSSION 

The numerical method is time and money-
consuming compared to experimental study. However, 
one cannot rely on it. The accuracy of the finite element 
approach should be verified by experiment or by con-
trasting the findings with those found in the literature. 
Validation is done in this study by comparing the find-
ings with those provided in [24]. Furthermore, the 

COMSOL MULTIPHYSICS results are compared with 
ANSYS ADPL results to ensure the accuracy of the 
finite element method. Table 3 presents the findings. 

 
TABLE 3. Comparison of results 

Natural  

frequencies [Hz] 
Reference [24] 

ANSYS 

ADPL 
COMSOL 

Mode 1 35.055 35.054 35.078 

Mode 2 126.4 126.39 126.65 

Mode 3 218.46 218.45 218.66 

Mode 4 420.57 420.54 421.58 

Mode 5 606.05 606.00 606.88 

 
After the validation studies, a series of parametric 

studies was performed. The first six NF of each previ-
ously mentioned sandwich structure were obtained. 
Figures 2-7 show the results. The results are plotted 
with the x-axis showing the distance from the fixed end 
and the y-axis showing the NF. Figures 2 to 7 present 
the variation of Modes 1-6 depending on the distance 
from the fixed end, respectively. Generally speaking, 
NF increases as the distance from the fixed end goes 
from 0.020 m to 0.280 m in the sandwich structures 
with debonding. In general, it is seen that the debonding 
shapes have a major effect on the NF of the sandwich 
structure as seen in Figures 2-7.  

When the debonding shape is considered, it is seen 
from Figures 2 through 7 that the influence of the 
debonding shape differs depending on the vibration 
mode of the sandwich structures. When Mode 1 of all 
the sandwich structures is considered, nearly all the 
debonding shapes cause a reduction in NF in all the lo-
cations when compared to the sandwich structure with-
out debonding. Only the circular debonding at 0.260 m 
gives higher frequencies than the sandwich structure 
without debonding. In Modes 2-4 still the sandwich 
without debonding has a higher NF than the debonded 
sandwich structures other than a few points shown in 
Figures 3-5. The influence of the debonding shapes 
greatly fluctuates in Mode 5. The NF are higher or low-
er than the sandwich structure without debonding, de-
pending on the debonding locations and debonding 
shapes. As shown in Figure 6, the effect of debonding 
causes an increase or decrease in the NF of the sand-
wich structures based on the location with respect to the 
sandwich structure without debonding. In Mode 6,  
the shapes of debonding as shown in Figure 7 reduce 
the NF in all the modes at all the locations other than 
the circular debonding at 0.22 m.  Overall, the NF of 
the sandwich structures are sensitive to the debonding 
shapes. 

When the debonding locations are taken into considera-
tion, it is clearly seen from Figures 2-7 that the locations 
of debonding exhibit a significant effect on the vibration 
characteristics of the sandwich beam. In general, as the 
debonding goes from the fixed to the free end, the NF fluc-
tuate depending on the mode numbers of the sandwich 
structures. It is clearly seen in Figure 2 that in Mode 1 the 
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NF tend to increase as the debonding goes from 0.020 mm 
to 0.280 mm. Nevertheless, the NF are still less than the 
sandwich structure without debonding at all the locations 
other than the circular debonding at location 0.260 m.  
In Mode 2 as shown in Figure 3, the NF of the sandwich 
structures with debonding fluctuates along the sweep dis-
tance with respect to the sandwich structure without 
debonding. Modes 3 and 6 of the sandwich structures have 
a similar trend as shown in Figures 4 and 7.  

 

 
Fig. 2. Comparison of Mode 1 of sandwich structures along sweep  

distance 

 
Fig. 3. Comparison of Mode 2 of sandwich structures along sweep  

distance 

 
Fig. 4. Comparison of Mode 3 of sandwich structures along sweep  

distance  

 
Fig. 5. Comparison of Mode 4 of sandwich structures along sweep  

distance 

 
Fig. 6. Comparison of Mode 5 of sandwich structures along sweep  

distance 

 
Fig. 7. Comparison of Mode 6 of sandwich structures along sweep  

distance 

In these modes, the NF increase when the debonding 
location shifts from the fixed end to the free end. Modes 4 
and 5 of the sandwich structures fluctuate randomly as 
shown in Figures 5 and 6 depending on the shape and lo-
cation of debonding. On the whole, one can say that de-
pending on the debonding location, the NF of the sand-
wich structures significantly vary.  

Furthermore, each mode of sandwich structure is plot-
ted at all the locations to the see variations in the NF de-
pending on the debonding shapes. Figures 8 to 13 display 
the sandwich structures from Mode 1 to 6, respectively. 
When Mode 1 of all the sandwich structures with different 
debonding shapes and different locations is considered, 
one can see from Figure 8 that the NF are affected by both 
the debonding shapes and debonding locations. Even 
though the NF fluctuate slightly around 97 Hz, there seems 
to be a measurable difference. When Mode 2 is examined 
using Figure 9, the NF still fluctuate. Nonetheless, in 
Mode 2 the fluctuation is rather apparent. The effects of 
the debonding locations and debonding shapes are separat-
ed individually. In Mode 3, as the delamination locations 
change the NF significantly change depending on the de-
lamination shape as shown in Figure 10. In this mode, the 
debonding shapes and debonding locations give unique 
natural frequencies. 

Similar to Mode 3, in Mode 4 the NF of all the sand-
wich structures vary significantly as the debonding shape 
and debonding locations change as shown in Figure 11. 
One can see from Figure 12 that in Mode 5 the debonding 
location and debonding shapes exhibit a significant effect 
on the NF of the sandwich structures. The effects of the 
debonding locations and debonding shapes change unique-
ly. In Mode 6, as shown in Figure 13, the effect of the 
debonding shapes and debonding location is clearly seen. 
Furthermore, in this mode the effect of the parameters is 
rather apparent close to the fixed end. 
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Fig. 8. Change in Mode 1 for various debonding shapes and debonding locations 

 
Fig. 9. Change in Mode 2 for various debonding shapes and debonding locations 

 

Fig. 10. Change in Mode 3 for various debonding shapes and debonding locations 

 
Fig. 11. Change in Mode 4 for various debonding shapes and debonding locations 
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Fig. 12. Change in Mode 5 for various debonding shapes and debonding location 

 

Fig. 13. Change in Mode 6 for various debonding shapes and debonding locations 

Table 4 presents the maximum and minimum values 
of the NF of all the sandwich structures over the entire 
sweep. Using the values in Table 4, the percentage dif-
ferences of each mode for each debonding shape  
are obtained and given in Table 5. Table 5 clearly 
shows the effect of the debonding shapes on the NF  
of the sandwich structures. This information can be 
very useful to determine the debonding shape. Also,  
as previously mentioned, the locations of debonding 

cause a change in the NF of the sandwich structure.  
On the whole, by using this method along with machine 
learning algorithms, one can easily detect the location 
and shape of debonding. In conclusion, the study sys-
tematically explored the effects of the debonding shapes 
and locations on the natural frequencies of the sandwich 
structures. The detailed analysis, complemented by 
comprehensive figures and tables, provides valuable 
insights for researchers and practitioners in the field. 

 
TABLE 4. Maximum and minimum values of each mode 

Delamination 

shape 

Statistical  

properties 

Mode 1 

[Hz] 

Mode 2 

[Hz] 

Mode 3 

[Hz] 

Mode 4 

[Hz] 

Mode 5 

[Hz] 

Mode 6 

[Hz] 

 

Circular 

Max 97.14 171.84 489.70 507.44 1001.50 1111.40 

Min 96.81 171.40 480.46 498.15 996.63 1081.90 

 

Triangular 
Max 97.05 171.80 488.20 505.40 1001.40 1107.20 

Min 96.86 171.57 481.92 500.92 998.17 1086.30 

 

Rectangular 

Max 97.05 171.79 488.03 506.32 1005.20 1106.80 

Min 96.89 171.54 482.46 500.69 997.82 1088.300 

 

Pentagonal 

Max 97.12 171.87 489.76 508.32 1002 1110.400 

Min 96.78 171.34 479.71 497.60 995.970 1079.300 

 

Hexagonal 

Max 97.10 171.85 489.04 506.47 1001.300 1110.200 

Min 96.86 171.55 481.88 501.01 998.100 1086.700 

Without debonding -- 97.12 171.76 489.26 504.73 999.53 1111.0 
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TABLE 5. Percentage differences between maximum and min-

imum values of each mode 

Delamination 

shape 

Mode 

1 

Mode 

2 

Mode 

3 

Mode 

4 

Mode 

5 

Mode 

6 

Circular  
delamination 

0.34 0.25 1.92 1.86 0.48 2.72 

Triangular 
delamination 

0.20 0.13 1.30 0.89 0.32 1.92 

Rectangular 
delamination 

0.16 0.14 1.15 1.12 0.73 1.69 

Pentagonal 
delamination 

0.35 0.30 2.09 2.15 0.60 2.88 

Hexagonal 
delamination 

0.2 0.17 1.48 1.08 0.32 2.16 

CONCLUSIONS 

In this study, the free vibration analysis of sandwich 
structure with debonding was performed using numeri-
cal simulation. The finite element method was utilized 
to examine the free vibration properties of a sandwich 
beam with different debonding shapes and different 
debonding locations. The study focused on revealing 
the influence of various debonding shapes and debond-
ing locations on the NF of the sandwich structure. 
COMSOL MULTIPHYSICS software was used to  
obtain the first six NF of the sandwich structures. 
Sandwich structures both without debonding and  
with debonding having different debonding shapes  
were modeled and solved using COMSOL MULTI-
PHYSICS. From the results, it was observed that the 
NF of the sandwich structures change as the debonding 
shape and debonding location change. The natural fre-
quencies decrease or increase depending on the debond-
ing shapes and debonding locations. This information is 
useful in damage detection.  For example, one can em-
ploy this data in machine learning and use it in delami-
nation shape and location prediction. To further confirm 
the accuracy of the dynamic response to identify the 
debonding issue in the sandwich construction, future 
research will integrate debonding modeling with exper-
imental examination. Furthermore, machine learning 
algorithms will be used to detect the location and 
shapes of debonding in sandwich structures. While this 
study provides valuable insights into the free vibration 
analysis of sandwich structures with debonding, it is 
crucial to acknowledge certain limitations. The finite 
element method and specific debonding scenarios em-
ployed in numerical simulations may not fully represent 
real-world complexities. Generalizing the findings be-
yond the studied cases should be approached cautious-
ly. The use of COMSOL MULTIPHYSICS, while  
effective, introduces computational limitations. Addi-
tionally, the application of machine learning for damage 
detection relies on robust datasets and faces challenges 
related to real-world variability and model complexity. 
Future research should focus on experimental validation 
and address practical issues to enhance the applicability 
of the proposed methods. 
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