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Introduction 

Lightness, high strength [1], high fatigue resistance [2], 

and form retention, structural and impact strength [3-6], 

high bending stiffness, strength, and energy absorption 

capacity are all characteristics of composite materials that 

are employed in engineering applications such as aircraft, 

transportation, construction, electronics, and the food 

industry. It is chosen over traditional materials in 

applications requiring high wear, corrosion resistance, 

resistance to dynamic impact events, low density, and 

flexibility to achieve complicated forms [7-9]. Sandwich 

composites, for example, are favoured in airplane interiors 

such as floor panels, internal walls, food preparation 

rooms, and passenger storage racks [10]. In the broad 

preference for sandwich composite panels, increasing the 

material and geometric arrangement in the core structure, 

compression qualities (bending and buckling resistance), 

shear stiffness, high energy absorption ability [8-11], and 

lightness are very beneficial. The majority of these 

components (sandwich panels) are made up of surface 

materials as well as honeycomb and foam core materials 

[11-13]. Sandwich composite panels with open-cell core 

materials, in particular, give multifunctional benefits to the 

composite material, such as high stiffness and specific  

 

strength [14-15]. Sandwich structure mechanical behavior, 

performance, and failure mechanisms (compression, shear 

or indentation failures, separation, and crushing) are 

determined by the material characteristics and geometry of 

their respective components (surface plates and core 

topology design) [6], [9]. With component geometry, high-

performance sandwich composite panels may be created 

[16-18]. Surface materials in sandwich composite panels 

should be composed of hard components in the sandwich, 

be resistant to shear and bending loads [19], and be 

resistant [20] to plane separation [21]. Honeycomb 

sandwich structures are made up of a substantial core 

material sandwiched between two thin layers of hard 

surface material. While the honeycomb core material keeps 

the sandwich panel's stiffness and energy absorption 

capabilities, its hollow cellular structure provides lightness 

to the sandwich panel. In applications requiring high 

strength, such as automotive and aerospace, honeycomb 

sandwich composite panels are commonly employed 

instead of conventional materials [21-23]. A honeycomb 

profile [24] and chain, pyramid grooved [25], x-type, 

kagome-type, hybrid, and unique designs [26-28] can be 

used as the core structural geometry. The energy 

absorption and damage load performances of composite 

materials were evaluated and optimized using falling
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Sandwich panel composites have several applications in material technology. The sandwich panel 

composite material is constructed of stainless steel-316 for the top and bottom plates, aluminum 1050A-0 
for the core, and DP-8405 acrylic adhesive for the binding element. The impact behavior of S-core 

composite sandwich panels was examined using low-velocity drop impact tests and finite element models. 

Finite element models have been created to characterize the influence of composite element bending 
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structures are equivalent to those found in the literature for core structures. As a result, the minimum 

weight design served as a guideline for producing weight and density-efficient hybrid composite sandwich 
panels. The energy absorbed in the test findings rose between 15.15% and 30% as the core thickness grew 

and between 3.571% and 41.34% as the core arrays changed. Impact load-bearing capability increases 

with varied core heights and array designs. 
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weight impact tests on different core arrays and core 

profiles [29-31] to establish the most appropriate design. 

Changes to the core geometry result in enhancements to the 

damage mechanisms [32]. The links between damaged 

formations and changes in core and matrix deformations 

that occur under various energy loads on the composite 

material are investigated, and optimal design parameters 

are identified [33]. The falling weight impact tests of 

different core array variations of a sandwich composite 

panel with a unique core design, S-shaped 1050-O series 

aluminum core structure, 316 stainless steel upper and 

lower layers, and DP-8405 acrylic adhesive as binding 

element were investigated experimentally and numerically 

in this study. They were compared to finite element 

analysis analyses performed using the package software, 

and their mechanical behavior was studied. 

2. Experimental Method 

The surface layer in this investigation was 1 mm thickness, 

and 170x100 mm dimensions stainless steel-316, while the 

core material was aluminum 1050A-0 alloy. The bonding 

ingredient between the bottom-upper plate and the core 

was DP-8405 acrylic glue. Table 1 shows the physical and 

mechanical parameters of aluminum 1050A-0 and stainless 

steel-316. 

 Table 1. Mechanical properties of Aluminum 1050A-0 

and Stainless steel-316 alloys [34-36] 

 

 

 

 
Figure 1. S-core sandwich panel composite drawing view 

S-core sandwich panel composite with a core height 

of 70 mm, and thickness of 0.7 mm drawing specimen 

view is given in Figure 1. 

 
 

Figure 2. Bottom and top sheet dimensions 

 

The dimensions of the lower and upper plates made of 

1mm thickness, and 170x100mm dimensions stainless 

steel-316 material are given in Figure 2. 

 
(a) 

 

 
                                                                                                

(b)                      

 

Figure 3. S-core selected for R10mm; a) before bending, 

b) bending dimensions, c) post bending view 

The S-core R10mm dimensions of the core structure to be 

produced with different wall thicknesses and the sheet 

dimensions before and after bending are given in Figure 3. 

 

(a) 

 

Aluminum 
1050A ,O 

316-Stainless 
Steel 

Density  2710 kg/m3  7800 kg/m3  

Tensile Yield Strenght  37,94 MPa 200 MPa 

Tensile Ultimate Strenght 80 MPa 515 MPa 

Modulus of Elasticity 69 GPa 200 GPa 

Elongation (%) 40 40 

Shear Modules 50 MPa 82 GPa 

Poisson Ratio 0,33 0,275 
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(b) 

 

(c) 

 

(d) 

Figure 4. S-core aluminum sandwich composite panel; (a) 

straight row drawing view [37], (b) one straight one reverse 

row drawing view, (c) three straight three reverse rows 

drawing view [38], (d) three straight three reverse rows test 

specimens  

 

Composite panel working groups are shown in Figure 4. 

Fig 4b, and 4c 3D views are about bending behavior of S-

core sandwich panel and this paper used to same specimens 

dimensions data. The dimension of distance between the 

cores of all samples was taken as 25 mm. 

 

Table 2. Dimensions of S-Core Sandwich Aluminum 

Composite Sheet Variations (Core Arrays: Straight:S, 

Straight-Reverse:S-R, Three Straight- Three Reverse: 3S-

3R)  

 

 

 

Core 

Array 

Group 

code 

Core wall 

thickness 

t, (mm) 

Core 

Height 

(mm) 

Core 

radius 

(mm) 

Weight 

(gr) 

Density 

(kg/m3) 

S 
 

 

 

S1 0.6 50 R7.5 12.40 14.0271 

S2 0.7 50 R7.5 12.60 14.2534 

S3 0.8 50 R7.5 13.35 15.1018 

S4 0.6 50 R10                 13.10 14.8190 

S5 0.7 50 R10 13.35 15.1018 

S6 0.8 50 R10 14.30 16.1764 

S7 0.6 50 R12.5 13.45 15.2149 

S8 0.7 50 R12.5 13.60 15.3846 

S9 0.8 50 R12.5 14.85 16.7986 

S10 0.7 60 R10 13.60 12.9032 

S11 0.7 70 R10 14.70 12.0098 

S-R S12 0.7 50 R10 13.35 15.1018 

3S-3R S13 0.7 50 R10 13.35 15.1018 

 

Table 2 shows the dimensions of the S-core sandwich 

aluminum composite sheet variants. In this work, testing 

and analyses were done for samples with distinct core 

sequences in meridian wall thickness values, in addition to 

variable core wall thickness and radius values. 

2.1.Dynamic drop test 

A drop-weight impact test is performed by dropping a 

given weight from a predetermined height on the sample. 

Drop-weight tests are classified as either with or without 

instrumentation. The instrumented drop-weight impact test 

method is used to evaluate the dynamic properties of the 

material. Unlike earlier techniques, using different weights 

and changing different heights may provide the necessary 

energy, and the impact test system can perform the 

sticking, piercing, and repeated impact tests on the sample 

[37-38]. ACI 544.2R-89 [39] instrumented and conducted 

drop-weight impact tests on an Instron Ceast 9350 testing 

machine. 

 

(a) 
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   (b) 

 

(c) 

 

(d) 

Figure 5. Instrumented drop-weight test machine. (a) 

Instron 9350, (b) Test setup for the composite plate, (c) 

Test finished for composite plate, (d) ANSYS drop-weight 

analysis model                                                                                                 

Since the bottom and top layers of the composite panel 

have a yield strength of more than five times that of the 

core material, the optimum working energy value, 

determined by the preliminary study carried out in the 

Ansys software and finite element analysis data, was 

determined as 40 Joule. The drop-weight test apparatus is 

depicted in full in Figure 5. The energy of impact was 40 

Joule. In each research group, the exam was repeated four 

times. 

3.  Results and Discussions 

The following study results were gathered as a 

consequence of the drop-weight impact analysis and 

experimental application. 

 

(a) 

 

(b) 

 

 

(c) 

 

(d) 

Figure 6 Total deformation a) Specimen S12, b) 

Speciemen S3 cores, and c) Specimen S12 Equvalent 

stress, d) Specimen S3 contact force 

The falling weight in the drop-weight impact test is 10.5 

kg, and the analysis and testing were performed with 40 J 

energy obtained from a height of 0.388 m, the ambient 
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temperature was 23.8 °C, and the relative humidity was 

46%. The test operations were repeated four times, and the 

average data were collected. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 7 Specimens contact force- time graphs a) S1, S2, 

and S3 b) S4, S5, and S6 c)S7, S8, and S9 d)S5, S10, S11, 

S12, and S13 

As seen in Figs. 7a-b-c, the contact force increased as the 

material wall thickness decreased. Figure 7-d depicts the 

change in impact force with varied core arrays and core 

height. While S5 and S10 reacted similarly, the alteration 

in the core sequence in S12 had the greatest impact value.  

Table 3 shows the contact force data for the many variants 

in which the falling weight impact test and analysis 

procedure were used, as well as the proportional 

differences between these data.  

Table 3. Contact force data for samples subjected to drop 

weight impact testing and analysis. 

Specimens Test Analysis % Difference 

S1 1941.39 1625.7 -0.19419 

S2 1398.65 1421.3 0.016207     

S3 1363.598 1370.6 0.005109 

S4 1490.71 1557.8 0.043067 

S5 1548.49 13192 -0.17381 

S6 1340.486 1195,6 -0.12118 

S7 1560.048 1355,5 -0.1509 

S8 1444.48 1355,5 -0.06564 

S9 1190.26 1215,9 0.021087 

S10 2472.96 2102,1 -0.17642 

S11 1935.615 2105,1 0.080512 

S12 2288.07 2203,8 -0.03824 

S13 2530.74 2109,3 -0.1998 

 

 

Figure 8. Contact force histogram of the studied 

variations 

In the impact analysis and test data, damage was first 

observed in the core material group. The determination of 

the damage load formation time and the contact force as a 

result of the impact effect in the working groups was made 

0

1000
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with the damage time data. Proportional differences 

between the study groups vary between 0.5109 and 19%. 

In general, the test and analysis results are compatible with 

each other. 

 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 9. Energy time graph formed by impact test, a) S1, 

S2, and S3 specimens, b) S4, S5, and S6 specimens, c) S7, 

S8, and S9 specimens, d) S5, S10, S11, S12, and S13 

specimens 

As can be seen in Figure 9 a, b, and c, increasing the core 

wall thickness increases the energy dissipation ability. In 

Figure 9a, the energy dissipation of variation S3 occurred 

20.1% earlier than variation S1. Figure 9d, The shortest 

energy dissipation ability occurred in S11, and the longest 

dissipation was achieved in variation S12. There is a time 

delay of 13.04% between these two variations. For the 

operating energy scale (40J), the difference in core 

alignment provided more efficiency than the changes in 

core wall thickness and core radius parameters. 

4. Conclusions 

When the numerical stress analysis and test results of the 

S-shaped sandwich panel exposed to the falling weight 

impact test with varied core radii, height, and wall 

thicknesses were analyzed, the following findings were 

obtained.  

➢ When the impact loads were studied, it was 

discovered that as the core thicknesses grew, so 

did the impact loads. This is due to the fact that as 

the thickness of the core materials grows, so does 

the moment of inertia.  

➢ The impact load-carrying ability increased when 

the core sequence of the examined samples was 

changed. (The impact load-bearing capability of 

the S12 sample is 47.76% more than that of the 

S5.)  

➢ The energy dissipation ability was realized in 

close periods with each other in all research 

samples, with the S9 sample having the quickest 

damping time due to the variation in the core wall 

thickness.  

➢ The impact load capacity of the S10 and S11 

samples, which were generated by a change in 

core height compared to the S5 sample, has 

increased to values ranging from 59.7 to 25% due 

to their high moment of inertia.  

The S-shaped core structure, conceived and assessed as a 

new core form, will contribute to the literature by utilizing 
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various material selections, fillers, and binding 

components. Its goal is to investigate the novel forms 

specified in future investigations. 
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