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Abstract— 3D printed panels with embedded blobs or 

irregularities can significantly affect the mechanical properties 

and overall characteristics of the 3D printed panels, depending 

on the materials used and the location. These irregularities can 

lead to weak spots or inconsistencies in the panel, affecting its 

strength, durability, and overall performance. Additionally, the 

use of dissimilar materials in the panel can also affect its 

properties, as the different materials may have varying thermal 

expansion coefficients, melting points, and other properties that 

can impact the panel's performance. The finite element model 

adopted in this research is used to investigate the impact of 

defects on the mechanical properties of 3D-printed composite 

sandwich panels. The study examines various parameters such 

as the interfacial position, size, material properties, and location 

of defects along the panel, and how they might affect the failure 

mechanism. The results of the study show that defects can have 

a significant influence on the mechanical properties of the 

panel, particularly in the middle section and at the edges where 

the tension concentration is highest. Additionally, the study 

adopted a linear elastic behavior using the ANSYS simulation 

program to analyze the panel's behavior under stress. In the 

intact situation, the deformation is found to be zero at the ends 

of the panel and highest in the middle of the composite. The 

shear stress is also most significant in the center of the panel 

and decreases as you move toward the edges. Additionally, the 

endpoints where support responses are present have large 

maximum shear stresses which can degrade the material's 

overall mechanical properties. This increase in maximum 

principal stresses at the end support is likely due to the reaction 

of the fixed support, which aims to counteract the applied 

flexural load, causing the maximum principal stresses to rise. 
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I.  INTRODUCTION 

Modern additive fabrication technology, also known as 3D 

printing, has advanced significantly in recent years, providing a 

wide range of possibilities for creating various end-user 

components and multifunctional materials. This technology 

allows for greater flexibility and versatility in design and 

production, enabling the creation of complex and unique 

structures. Additionally, additive manufacturing techniques such 

as fused deposition modeling or fused filament fabrication are 

increasingly used to produce various practical goods using 

materials such as polymers, ceramics, metals, and composites. 

Sandwich composite structures, which have superior features 

and isotropic characteristics, are also becoming more popular in 

various industries, particularly aerospace and aviation [1]. Rapid 

prototyping is another term for additive manufacturing (AM), a 

relatively new manufacturing process that uses layered 

production techniques to quickly build complex designs. 

Additive manufacturing can be used to produce a wide range of 

practical goods using various materials such as polymers, 

ceramics, metals, and composites. The 3D printing technology 

is one of the most commonly used AM techniques, it produces 

components using methods such as fused deposition modeling 

or fused filament fabrication [2]. The ability to use different 

materials and techniques in AM allows for greater design 

flexibility and the potential to create unique and customized 

products [3]. Due to their superior features such as high strength-

to-weight ratio and isotropic characteristics, sandwich 

composite structures have become increasingly popular in 

modern industries such as aerospace and aviation. These 

structures are made up of two thin outer layers, called skins, and 

thicker core material in between. The combination of the 

different materials in sandwich composites results in a 

lightweight and strong structure that would makes them ideal for 

use in aerospace and aviation applications where weight 

reduction is crucial for performance and fuel efficiency. 

Additionally, the isotropic characteristics of sandwich 

composites allow for improved mechanical properties in all 

directions, making them useful in a wide range of load-bearing 

applications [4]. Nayan Dhakal et al. [5] investigated the defects 

arising from the processing in material extrusion-based AM of 

polymers and their impact on the part performance. The 

tribological properties, microstructure, and surface quality of 
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acrylonitrile butadiene styrene (ABS) produced in a heated build 

chamber were examined concerning the effects of raster angle 

orientation and printing speed. Mehdi Mohammadi et al. [6] 

fabricated dense hydroxyapatite bars by using digital light 

manufacturing approach. They also investigated the role of HA 

median particle sizes curing depth and thickness ratio for 

different defects on the impact of mechanical strength. Kyu-Jin 

Lee et al. [7] examined the defects in 3D printing cylindrical 

carbon fiber-reinforcement plastic material samples using 

ultrasonic testing based on the rotational scanning method. They 

also investigated that ultrasonic inspection systems are best 

suitable for detecting defects inside the material samples. 

Shuhao Wang et al. [8] conducted a comprehensive literature 

review on the role of porosity defects in metal 3D printing by 

generalizing the detailed literature on porosity defects. They also 

examined the impact of defects on the characterization, 

formation, and migration mechanism, and mechanical properties 

of metal parts. Mohammad Farhan Khan et al. [9] investigated 

the imperfections in 3D printing using a machine learning 

approach. They concentrated on developing a Convolutional 

Neural Network (CNN)-Deep Learning model to identify 

malicious flaws in real time, preventing production losses and 

lowering the need for quality control personnel. The approach 

suggested here is based on feature extraction of geometrical 

anomalies arising in infill patterns due to irregular extrusion, 

flimsy infills, a lack of supports, or drooping and comparing it 

to the characteristics of an ideal 3D print. Serena Rifuggiato et 

al. [10] investigated the effect of defects on tensile strength and 

performance of 3D printed material samples. To model different 

degrees of strength for the item, the study considers tensile 

specifications of acrylonitrile butadiene styrene (ABS) that were 

3D printed. 

There are several defects such as spatter, balling in printing 

product, gas porosity, surface roughness, cracks and geometric 

deformation generated during 3D printing process. Figure 1 

show the common defects generated in 3D printing process.  

 

 
 

Figure  1 Classifications of defects in 3D printing process 

 

Scatter is one of the most prevalent defects in the 3D printing 

process, adversely affecting how the laser interacts with the 

powder bed and can cause additional flaws. Similarly, balling is 

also an essential defect in 3D printing, impacting the product's 

quality. It is a unique metallurgical defect in the printing process, 

which happens when the liquid metal solidifies into a sphere 

under surface tension. Gas porosity is another flaw observed 

during the 3D printing process, adversely affecting the product's 

mechanical properties. Moreover, surface roughness, cracks, 

and geometric deformation are important defects induced during 

3D printing. Surface roughness and cracks are generated due to 

material properties which cause a reduction in the mechanical 

strength of the product. In addition, the middle layer's surface 

roughness affects the following layer's powder quality, resulting 

in internal defects. 

Furthermore, geometric deformation is also a vital defect 

produced during printing. Geometric flaws can occur in printed 

components because of their geometrical characteristics, heat 

buildup, stress concentration, and other factors. A small degree 

can result in deformation and dimensional mistakes, whereas a 

high degree might result in an unfinished building or even 

construction failure. 

Creating unique and customized sandwich composites using 
3D printing technology can open new possibilities for 
developing advanced materials and structures in various 
industries, including aerospace and aviation [5]. While 3D 
printing technology offers many benefits for producing complex 
sandwich composites, scientific challenges still need to be 
addressed to improve the final product's mechanical 
characteristics. Delamination occurs when the layers of the 
composite separate from one another, also weakening the 
structure. Crushed cores refer to damage to the core material of 
the sandwich composite, which can also compromise its strength 
and stability. These defects can occur during manufacturing or 
due to external factors such as impact or stress during use. The 
presence of gas can lead to air bubbles, also known as voids, in 
laminates during the manufacturing process of composite 
materials. These bubbles can become trapped in the material and 
negatively impact the composite's surface topography, reducing 
its mechanical properties. The presence of voids can also affect 
the overall appearance of the composite, creating a rough or 
uneven surface. To avoid this, various vacuum-assisted resin 
infusion processes, vacuum bagging, and vacuum-assisted resin 
transfer molding processes are used to minimize the porosity and 
improve the quality of the composite material. Multi-layer 3D 
printing, also known as layer-by-layer 3D printing, is a process 
in which a 3D object is built up by adding successive layers of 
material. Defects that can occur in multi-layer 3D printing 
include: 

1. Warping: This occurs when the layers of the 3D-printed 
object become distorted due to uneven heating or 
cooling. 

2. Overhangs: If an overhang is too steep, the lower layers 
may not have enough support, leading to a collapse 

3. Stringing is when small material strings are left 
between the printed object and the build plate. 

4. Layer shifting: When layers change from the intended 
position and create a misalignment in the final product 

5. Blobs: These are excess material that forms on the 
surface of the printed object, which can be caused by a 
clogged nozzle or too high of a flow rate. 

6. Z-wobbling: This occurs when the nozzle of the 3D 
printer is not moving in a straight line, causing 
variations in layer thickness. 

3D printing is a complex process that involves many 
variables that can impact the quality of the finished product. 
Defects in 3D printed parts can significantly impact the 
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mechanical properties of the finished product, such as strength, 
stiffness, and toughness. To avoid these defects, it is essential to 
properly calibrate the 3D printer, use the correct type of filament, 
and use adequate cooling and/or heating to control the 
temperature of the build area [6]. To fully understand the 
relationship between defect size, position, material type, and its 
impact on the mechanical behavior of the finished product, it is 
crucial to conduct thorough testing and analysis. This can 
include both destructive and non-destructive testing methods, 
such as tensile testing, compression testing, and finite element 
analysis, to evaluate the mechanical properties of the printed 
parts and identify any defects present [7].  There is currently a 
lack of information on the types of defects that can occur in 3D-
printed sandwich composite panels and their effect on the 
mechanical properties of the finished product. By addressing this 
information gap, the study will provide valuable insights into the 
factors that can affect the quality of 3D-printed sandwich 
composite panels and how to improve the mechanical properties 
of the finished product [8]. Blobs, also known as "stringing," 
"oozing," or "dripping," are common issues that can occur 
during the 3D printing process. They are caused by excess 
filament being extruded from the nozzle and forming droplets or 
strings that attach to the printed object. These blobs can 
negatively impact the appearance and accuracy of the final print 
and can also cause issues with adhesion and layer alignment. A 
typical blobs sample that could exist while printing multi-
layered sandwich panels is depicted in Figure 2. 

Figure 2 Defective multi-layered sandwich panel 

According to current literature, it has been examined that there 
are several defect generated during 3D printing process that have 
significant impact on the material properties of the finished 
product. Therefore, it is needed to study impact of defects 
generated durin the 3D prinitnh process on the mechanical 
properties and quality of the finished product.  

This study uses a comprehensive approach to evaluate the 
impact of defects on the mechanical properties of 3D-printed 
multi-material sandwich panels.  For this purpose, a finite 
element analysis (FEA) is used, which allows for a detailed 
examination of the effects of various types of defects, such as 
those that occur during the printing of the layers, on the 
mechanical properties of the panel. Specifically, investigating 
the effects of defects during the transition between dissimilar 
materials is essential as it can significantly impact the interfacial 
strength between the layers and cause the panel to fail. In 
addition, using linear elastic behavior to simulate and compare 
the damaged panels to the intact ones is also a reasonable 
approach for this research, as it allows for a simple and efficient 

analysis of the mechanical behavior of the sandwich panel under 
different loading conditions. The results can be used to evaluate 
the strength and stiffness of the panel and identify any defects 
that may be present. The simulation resuts are then compared 
with experimental results for validation and accuracy and 
reliability of the simulation results. By combining the simulation 
results with practical tests, it is possible to gain a more 
comprehensive understanding of the mechanical properties of 
3D-printed sandwich composites and how they are affected by 
defects. 

II. MATERIALS 

is a common approach for modeling a sandwich panel using 
3D printing technology and evaluating its mechanical properties 
using FEA analysis. By using two distinct materials for the top 
and bottom layers and the core of the panel, it is possible to 
simulate the panel's behavior under different loading conditions 
and evaluate the effect of the various properties of the materials 
on the mechanical properties of the panel. Using a material with 
a higher elastic modulus for the top and bottom layers is 
reasonable as it will give the panel greater strength and stiffness. 
On the other hand, using a material with a lower elastic modulus 
for the core will offer greater flexibility and energy absorption 
capability to the panel. It is also significant to notice that the TPU 
core and glass fiber composite for the top and lower surfaces of 
the sandwich should have characteristics that meet international 
standards and have been experimentally tested. This ensures that 
the material properties and behavior are well understood and the 
results obtained from the FEA simulations are accurate and 
reliable. The sandwich panel is subjected to an experimental test 
where a force 0.25 kN is applied to it at the midpoint of its 
length. This test aims to determine the panel's strength and 
structural integrity under a specific load. It will help to find the 
failure point and behavior of the panel under load. The findings 
of this test will be used to inform the future design and 
construction of similar panels. This configuration of sandwich 
panel support describes fixed support at the left end and roller 
support at the right end, as shown in Figure 3. The fixed support 
has constraints on both the x and y displacements, while the 
roller support only has a constraint on the y-displacement. The 
sandwich panel has a thickness of 2mm for the upper and lower 
face materials and 6mm for the core. The panel is described is 
0.1 m in length and has been modeled using finite element 
analysis (FEA). The study focused on the adhesive junction 
between the faces and included the effects of elastic shear and 
peel stresses. A simplified multilayer sandwich panel model was 
also used in the analysis. The properties of linear elasticity were 
assumed in the investigation, as it is common to consider linear 
elastic behavior in the design of engineering components, as it 
simplifies the analysis of complex situations [10]. It has been 
demonstrated through experimentation and conceptual modeling 
that by using Fused Deposition Modeling (FDM) 3D printing to 
combine rigid sides, such as glass fiber reinforced composite, 
with an elastic core, such as Thermoplastic Polyurethane (TPU), 
it is possible to create a highly flexible sandwich panel. This 
approach takes advantage of the contrasting properties of the 
rigid and elastic materials, with the rigid sides providing 
structural support and the elastic core allowing for increased 
flexibility. This concept has been experimentally demonstrated, 
and the results show that this type of sandwich structure is 

Identify applicable sponsor here. (UAE University) 
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possible and attractive in specific applications [11]. Table 1 
presents the properties of the face and core materials for the 
sandwich panel. The top and bottom surfaces are made of 
material with a higher elastic modulus, bulk modulus, and 
modulus of rigidity than the core. The Poisson coefficient is the 
same for both materials. The poisson coefficient is the 
proportion of transverse contraction strain to longitudinal 
extension strain in the path of the applied load. Elastic modulus 
is an indication of a material's resistance to being deformed 
elastically (non-permanently) when a load is applied to it. Bulk 
modulus measures a material's resistance to change in volume 
when a load is applied to it. Modulus of rigidity is an indication 
of a material's resistance to shear stress. 

TABLE 1.PANEL MATERIAL PROPERTIES 

Properties Faces Core 

Elastic's Modulus 1.5 GPa 0.026 GPa 

Poisson coefficient 0.3 0.3 

Bulk Modulus 1.3 GPa 0.023 GPa 

Modulus of rigidity 0.6 GPa 0.01 GPa 

 

 

 

 

 

 

 

 

Figure  3  Multi-layer panel details 

The sandwich panel's response to a bending load is examined 

using the simulation software Ansys. The FEA was first 

conducted on a defect-free panel to determine its mechanical 

properties under bending stress. The analysis was then repeated 

on a defective board with 620 nodes and 565 elements, 

compared to 480 nodes and 394 elements in the defect-free case. 

The maximum primary stress, maximum shear stress, and 

equivalent stress along the composite sandwich's tensile 

interfacial layer are being compared to understand the defects' 

effect on the panel's mechanical behavior. The analysis was 

divided into two cases, one with flaws (D) and one without flaws 

(ND). Circles represent the flaws in the tensile interfacial layer. 

The defects (D1, D2, and D3) are located at 0.05 m, 0.025 m, 

and 0 m, respectively, from the left edge of the tensile interfacial 

layer along the horizontal axis. D1 has a semicircular geometry, 

while the other defects are circular in shape. All the defects have 

a diameter of 0.5x10-3 m and material property of 0.026 GPa. 

III. RESULTS AND DISSCUSSION  

The Ansys program was used to study the maximum 

equivalent, principal, principal, and shear stress values of an 

undamaged composite sandwich panel under a point load at the 

center of the upper face. This section presents the results of the 

FEA analysis on the composite sandwich panel with various 

defects. In the cases with defects, the effect of different defect 

locations on the maximum equivalent stresses and maximum 

shear stress values throughout multiple panel layers is examined. 

The following sub-sections provide more detailed information 

on these cases. For the non-defective case, the Ansys simulation 

tool was used to analyze the behavior of the composite sandwich 

panel when subjected to a 0.25 kN point load applied at the 

center of the upper face. Typically, when a vertical load is 

applied to a panel, it will deform concavely downward. The 

figure clearly illustrates that the deformation is most negligible 

at the end supports and most significant in the center (0.05 m 

from each end). This is because the panel's midsection has the 

most crucial moment arm concerning the end supports and 

therefore experiences the most deformation under the applied 

load. Whenever the load is applied, the longitudinal regions 

above the centerline undergo compression. At the same time, the 

lower area experiences tension along the x-axis. As a result, the 

panel confirms that flexural stresses, also known as tensile and 

compressive stresses, coexist. The vertical point loading induced 

the highest principal stress along the length of the panel, as 

shown in Figure 5. The panel's maximum principal stress is 

relatively constant throughout, except for its lower face. The 

face material is under the most significant primary stress along 

the x-axis at the lower face compression area, indicating that it 

is strong under compression but weak under tensile loading. The 

panel exhibits zero shear stress in its top face and core materials, 

which is the lowest principle stress the panel may experience 

under loading circumstances, according to the maximum 

principle stress distribution. Additionally, there is no tension 

along the panel's neutral axis, which separates the compressive 

and tensile zones.The shear stress is a measure of the internal 

resistance of a material to shear forces, and it is crucial to 

consider it in the design of the panel to ensure that it can 

withstand the applied loads without failure. The maximum shear 

stress is higher in the face material's top and bottom regions and 

lower in the remaining areas, in contrast to the maximum 

principal stress. The center of the panel has the highest 

maximum shear stress value. This is likely due to the 

concentrated effect of the applied force in the center of the panel, 

which causes more significant shearing in that area than 

anywhere else. The compression zone is where the face material 

is subjected to the most shear stress, as evidenced by the highest 

maximum shear stress value being in the center of the upper face 

area. The shear stress is non-existent towards the end supports. 

This may be due to the counteracting forces of the panel 

supports, which work to neutralize the effects of the applied 

bending load, contributing to the reduction of shear stress at the 

ends of the panel. The research found that the shear stress 

decreases as we move farther from the point of impact. This 

highlights the importance of understanding the distribution of 

shear stress throughout the panel, as it can vary significantly 

Upper face 

Panel core 
Lower face 
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depending on the location of the applied load and the type of 

support provided. On the other hand, for the defective case, the 

study examines how different defect positions affect the 

interfacial tensile layer of the panel's maximum shear stress, 

maximum principal stress, and Von Mises stress. It was 

previously stated that the defects are evenly distributed across 

the lower surface and core material. The location of the defects 

shifts along the tensile layer at intervals of 0 mm, 0.025 m, and 

0.05 m concerning the left end of the panel. However, the 

Young's modulus and defect geometry radius are held constant 

at 0.5 mm and 0.0026 GPa, respectively. The letters D1, D2, and 

D3 identify the defects at layer 2. Figure 4 depicts how different 

defect positions along L2 affect the panel's maximum principal 

stress. The values of the maximum principal stresses for the 

aforementioned defects are thus observed. The maximum 

principal stress at defect 1 (D1) is slightly increased from 0 to 

0.0034, and the maximum principle stress at defect 2 (D2) is 

decreased by 17% from the overall value of the maximum 

principle stress at the comparable locations in the defect-free 

half of the panel. It also reduces the ultimate principle stress at 

defect 2 (D2) from 0 to 0.00023. 98% less Von-Mises stress was 

measured at D1, Von-Mises stress at D2 was 99% lower. At D3, 

Von Mises stress dropped by 98%. These results show that the 

defects significantly impact the mechanical behavior of the 

panel, reducing its strength and stiffness in the areas of the 

defects. FEA is used to analyze the mechanical behavior of a 

composite sandwich panel under a point load applied at the 

center of the upper face. The analysis was conducted on both a 

non-defective and a defective panel, with the latter having 

defects at various positions along the tensile interfacial layer. 

The results, illustrated by Figures 4, 5, and 6, show that the 

defects significantly impact the panel's behavior, increasing the 

stress values and altering the stress distribution throughout the 

panel. The figures showed that the maximum shear stress, 

maximum principle stress, and Von-Mises stress values were 

higher at the defect position of 0.1m as compared to the defect 

position of 0.025m. This highlights the importance of 

considering the position of defects in the design and manufacture 

of composite sandwich panels to ensure their structural integrity 

and performance. Eventually, there are several ways to 

overcome 3D printing blobs defects: 

Temperature: Nozzle temperature should be set correctly for 

the filament you use. A higher temperature can cause more 

stringing, while a lower temperature can cause poor adhesion. 

Retraction: Adjusting the retraction settings can help reduce 

stringing. Retraction is dragging the filament back into the 

nozzle when the extruder is not in use. Increasing the retraction 

distance and speed can help prevent the excess filament from 

oozing out of the nozzle. 

Print Speed: Slowing down the print speed can also help 

reduce stringing, because slower speeds give the filament more 

time to cool down and solidify before printing the next layer. 

Cooling: Proper cooling is essential for the part to solidify 

and reduce the stringing. Add a cooling fan to help cool the part, 

or even change the layer height, giving the filament more time 

to cool down. 

Surface Finish: Use a good surface finish like a brim or a raft 

to help the part to stick to the bed and reduce the stringing. 

Filament: Using a different type of filament, such as a more 

flexible or higher-quality filament, that may produce less 

stringing. 

Post-processing: If stringing persists, to use post-processing 

techniques such as sanding, scraping or using a solvent to 

remove the stringing. 

It's worth noting that some of these solutions may not work 

in every scenario, it is need to try a combination of solutions to 

eliminate stringing effectively. 
 

 

 

 

 

 

 

 

 

Figure 4 Impact of the defect locations on the maximum shear stress. 

 

 

 

 

 

 

 

 

 

Figure 5 Maximum principal stresses at different defect locations. 

 

 

 

 

 

 

 

 

 

Figure 6 Effect of defect locations on the Von-Misses stresses. 
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It has been observed that the 3D-printing defect could 

interrupt the stress distribution in a 3D-printed multi-layered 

sandwich panel, affecting the integrity of the 3D-printed 

component. Therefore it is necessary to understand he negative 

impact of 3D printing defects, such as blobs or stringing, that can 

vary depending on the severity of the issue and the intended use 

of the printed object. Some possible negative impacts include: 

Reduced functionality: Stringing or blobs can interfere with 

the movement or functionality of mechanical parts, making them 

difficult to use or rendering them unusable. 

Aesthetics: Stringing or blobs can make a printed object look 

unprofessional or unattractive, which can be problematic if the 

object is intended for display or sale. 

Reduced strength: Stringing or blobs can weaken the 

structural integrity of a printed object, making it more 

susceptible to breakage or damage. 

Increased time and cost: Stringing or blobs can require 

additional post-processing time and materials to remove or hide, 

increasing the overall cost and time needed to produce a printed 

object. 

Quality control: Stringing or blobs can make it difficult to 

meet industry standards or customer expectations for quality and 

accuracy, negatively impacting business and reputation. 

Material waste: Stringing or blobs can cause material 

destruction and increase the cost of the final product. 

It's essential to address these defects as soon as possible to 

minimize their negative impact on the final product. 

IV. CONCLUSIONS  

The study used FEA to investigate the impact of faults on the 
mechanical characteristics of 3D-printed composite sandwich 
panels. The study used FEA to model the composite sandwich 
panels and simulate the effects of defects on their mechanical 
properties, such as stress and deformation. The results of the 
FEA simulations were then used to understand how faults affect 
the performance of the composite sandwich panels and to 
identify ways to improve their structural integrity. Results 
showed a high-stress level at the middle of the composite layer 
and no stress at the outermost layer. Additionally, FEA was used 
to study the linear elastic behavior of the panels. The study also 
found that deformation occurred at the end supports of the 
composite panel, with more deformation near the center of the 
panel and minimal deformation at the end supports. The study 
also identified maximum shear stress in the middle of the 
composite panel, with the values gradually decreasing towards 
the outermost layer. This suggests that faults in the composite 
sandwich panels have a greater impact on the mechanical 
properties in the middle of the panel and at the end supports [12]. 
The study also examined the increased maximum shear stress at 
the end supports, and it was recommended that this might be due 
to the fixed supports resisting the applied load, leading to a 
higher maximum principal stress close to the panel support. In 
addition, it was discovered that the von Mises stress behaves 
similarly to maximum shear stress, which means that the von 

Mises stress also increases near the end supports. This suggests 
that the end supports play a significant role in stress and 
deformation distribution in the composite sandwich panels. 
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