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Abstract 

The aim of this study is to examine the impact performance and damage behavior of 

sandwich composite structures with a core material of aluminum and a facesheet of 

glass fiber composites using the finite element method. In the study, the effects of 

impactor shape, impact velocity and number of core layers on peak force, absorbed 

energy efficiency, maximum displacement and damage deformation were examined. 

For low velocity impact simulation, progressive damage analysis was performed 

based on the Hashin damage criterion using the MAT 54 material model in the LS 

DYNA finite element program. While providing the connection between the core 

structure and its surfaces, a Cohesive Zone Model (CZM) based on the bilinear 

traction-separation law was created and examined. At the end of the study, it was 

determined that the shape of the impactor had a significant effect on impact 

resistance. Energy absorption efficiency may vary as impact energy changes. 

However, as the impact energy increases, the energy absorption efficiency increases. 

It was determined that the largest and dominant damage type for all three impactors 

was matrix damage. 
 

 
1. Introduction 

 

Composite structures are used effectively in many 

sectors, especially in the defense industry, due to their 

high strength/weight ratios [1]. Especially recently, 

with the technological developments and the 

development of production machines and production 

methods, it has started to be used in many areas in our 

daily lives, from mobile phone cases to car steering 

wheels. In addition, the use of composite structures, 

which are widely used in the aviation and space 

industry, especially in large passenger aircraft, and 

which carry life and property, is increasing day by 

day. However, their performance decreases due to the 

loads they are exposed to in application areas and 

during service [2]. Especially under impact load, 

major damage may occur over time due to 

delamination that occur in the material structure and 

are sometimes invisible to the eye. To prevent this, the 

impact performance and damage behavior of these 
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structures must be known very well. In addition, since 

the shape or size of the object causing the impact is 

not known precisely, the reaction of the material and 

structure against it is unknown [3]. Therefore, when 

engineers or researchers design a new structure, they 

need to review all these possibilities and realize the 

optimum design within these possibilities. 

Determining the behavior of composite 

structures under load is more difficult than metal 

materials [4]. Because metal structures have linearity, 

material reactions and behaviors under load can be 

predicted. However, it was more difficult to 

determine this behavior in composite structures. 

Because after impact is applied to composite 

structures, different types of damage (such as matrix 

damage, fiber damage, delamination) occur to absorb 

this energy. These damages gradually occur to absorb 

the incoming energy, and then the damage to the 

structure is completed. In addition, the complex 

micromechanical structure of composite structures 
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makes it difficult for researchers to determine this 

material behavior. Because there may be composites 

with very different numbers of fiber bundles, very 

different types of matrix materials and produced at 

very different temperatures [5]. The mechanical 

behavior of these structures is different from each 

other. Therefore, it is essential to further determine 

the impact performance and damage behavior of these 

structures and develop them further. 

Many studies have been conducted on the 

impact performance of composite structures [6-12]. 

However, there are many studies examining the 

impact behavior of sandwich composite structures, 

which have a very high impact absorption potential 

[13-23]. Manes et al. [24-25] examined the impact 

performances of foam-based sandwich composites 

with different densities. Albayrak et al. [26-27] 

investigated the low velocity impact behavior of 

curved glass sandwich composites with rubber 

interlayers. They examined impact performances for 

different orientation angles and curvature shapes. 

They carried out numerical simulations using the LS 

DYNA MAT 162 material model. Bozkurt et al. [15, 

28] examined the effects of structural differences of 

carbon sandwich composites with different core 

structures on the impact performance. They 

successfully applied numerical simulations with the 

LS DYNA finite element model. Xue et al. [29] 

experimentally and numerically examined the impact 

behavior of specimens produced using honeycomb 

core carbon/glass fiber hybrid composite facesheets. 

Yellur et al. [30] experimentally and numerically 

examined the effects of upper and lower facesheet 

thicknesses on impact behavior in polypropylene 

honeycomb sandwich structures. They used the LS-

DYNA finite element model for numerical analysis. 

Susainathan et al. [31] numerically investigated the 

impact behavior of innovative wood-based sandwich 

structures with plywood cores and coatings made of 

aluminum or fiber-reinforced polymer (carbon, glass 

or flax composite coatings). Numerical models were 

created with ls dyna. Shirbhate et al. [32] examined 

the explosion response of a hexagonal honeycomb 

sandwich structure with holes along the cell height of 

the core compared to conventional honeycomb cores. 

They performed detailed numerical analysis to 

accurately reproduce the deformation process by 

finite element analysis using the open LS-DYNA 

software. Yalkın et al. [33] numerically investigated 

the low-speed impact properties of E-glass 

fiber/epoxy and PVC foam core sandwich composite 

configurations. Numerical simulations were carried 

out using material models of hard impact, foam core 

and composite material models of LS-DYNA software. 

Damghani et al. [34] simulated the impact behavior of 

aluminum foam core sandwich structures with LS-

DYNA software. They investigated the effects of foam 

density on impact performance. 

In this study, the impact performance and 

damage behavior of sandwich composite structures, 

whose core material is aluminum and facesheet 

material is glass fiber composite, were examined 

using the finite element method. In the study, unlike 

the literature, the effects of impactor shape (cylinder, 

cone and sphere) impact velocity (10 J, 30 J and 60 J), 

and number of core layers (1 layer, 2 layers and 3 

layers) on peak force, absorbed energy efficiency, 

maximum displacement and damage deformation 

were investigated. The energy absorption efficiency 

values obtained at the end of the study were compared 

with similar studies in the literature. 

 
2. Material and Method 

 

The dimensions details of sandwich composite 

specimens with aluminum core and glass fiber 

composite facesheets are given in Figure 1 and the 

tests to be performed are given in Table 1. Low 

velocity impact test will be applied to the specimens 

whose dimensions are given. The dimensions and 

shapes of the impactors used in the study are given in 

Figure 2. The upper and lower holders are fixed to 

ensure the same boundary conditions as the standard 

experimental testing mechanism. The impactor was 

limited to displacements in the x and y directions and 

could only move in the impactors direction (z-axis). 

An eight-node solid element (ELFORM1) 

was used in the modeling.  There are many element 

types in the finite element model. Generally, eight-

node solid element types are used in the studies. There 

are many reasons why this is preferred. First of all, as 

the number of nodes increases, the processing time 

increases significantly. Especially in studies where 

the number of elements is high, the processing time 

becomes very long. Eight-node solid element types 

can be intervened more effectively in the calibration 

process. In addition, the damage criteria coefficients 

that allow this in the LS DYNA MAT 54 material 

model make this process easier. This element type is 

used in most of the LS DYNA applications in the 

literature. 30197 nodes and 26750 solid elements 

were used.  The lower and upper holders were 

modeled with 7740 nodes and 5500 solid elements. 

The CONTACT ERODING SURFACE TO 

SURFACE contact card was used to model the 

contact force between the sandwich composite and 

the impactor. The CONTACT AUTOMATIC 

SURFACE TO SURFACE contact card was used to 

prevent the specimen between the holders from 

moving during impact and to keep it fixed by the 
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holder. The static and dynamic friction coefficients 

here are entered as 0.2 and 0.3, respectively [28]. 

 

 

 

Figure 1. Specimen dimensions. 

 

Cylinder Cone Sphere 

 
 

 

Figure 2. Impactor’s dimensions.

The program's solution methodology includes 

material cards that provide damage models based on 

the continuous damage mechanism (CDM). It allows 

progressive visualization of structural damage using 

models based on CDM. Impact tests with dimensions 

of 100x100 mm were carried out numerically for all 

specimens used in this research. The mesh size is 

taken as 2x2 mm. The sandwich composite plate and 

the upper and lower holders are modeled as shown in 

Figure 3. As indicated in Figure 4, the impact test was 

applied to the center of all specimens. 

 
Table 1. Parameters examined for sandwich panels in 

impact testing. 

No 
Impactor 

shape 

Core number, 

𝑛 

Impact Energy, 

𝐸 [J] 

1 Sphere 1-2-3 10-30-60 

2 Cylinder 1-2-3 10-30-60 

3 Cone 1-2-3 10-30-60 
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Figure 3. Finite element model of low velocity impact test. 

  

 

Figure 4. Impact point for sandwich composites with different layer numbers. 
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Many finite element programs have been 

developed to determine the impact behavior of 

aluminum honeycomb glass sandwich specimens. 

Among these, LS-DYNA, a commercial finite element 

software program, was preferred due to its wide 

material library, ease of use of interfaces and the 

ability to develop complex numerical models [35]. 

  In low velocity impact tests, many graphs and 

data about the mechanical performance of the 

material are obtained. In these graphics and outputs, 

it is decided whether the material is suitable for the 

component or location to be used or not by comparing 

it with the standards. In the low velocity impact 

experimental test setup, these data are obtained by 

reading from the impactor shape. Displacement 

graphs are derived from the impactor’s position along 

with changes in kinetic energy and velocity. 

Equations (1)-(4) were used to obtain the changes in 

velocity, displacement, and energy based on the 

impactor’s impact timing. Data regarding the contact 

force, displacement and absorbed energy obtained 

from the impactor were evaluated. 

 

𝑣(𝑡) = 𝑣𝑖 + 𝑔𝑡 − ∫
𝐹(𝑡)

𝑚

𝑡

0
𝑑(𝑡)   (1) 

 

 Here, 𝑡 is the time of the first contact of the impactor 

to the specimen, which is 𝑡 = 0; 𝑣(𝑡) is the velocity 

of the impactor at time 𝑡; 𝑣𝑖 is the velocity of the 

impactor at time 𝑡 = 0; and  𝐹(𝑡) is the impact 

contact force measured at time 𝑡. 

 

𝛿(𝑡) = 𝛿𝑖 + 𝑣𝑖𝑡 +
𝑔𝑡2

2
− ∫ (∫

𝐹(𝑡)

𝑚

𝑡

0
𝑑𝑡)

𝑡

0
𝑑𝑡 (2) 

 

𝛿 is the displacement of the impactor at time 𝑡, while 

𝛿𝑖 is the displacement of the impactor from the 

reference point at time 𝑡 = 0. 

 

𝐸𝑎(𝑡) =
𝑚(𝑣𝑖

2−(𝑣(𝑡))
2

)

2
+ 𝑚ℎ𝛿(𝑡)    (3) 

 

 Here, 𝐸𝑎(𝑡) is the absorbed energy at time 𝑡, 𝑚 is 

the weight impact, and 𝑔 is the gravitational 

acceleration. To evaluate the weight efficiency of the 

energy absorption of a structure, the specific energy 

absorption (𝑆𝐸𝐴) is generally used. 

 

𝑆𝐸𝐴 =
𝐸𝑎

𝑚
       (4) 

 

Here, 𝑚 is the mass of the crash structure. Higher 𝑆𝐸𝐴 

values indicate better energy-absorbing efficiency of 

the structures. 

 

2.1. Modeling of Adhesive Layer 

 

Sandwich composite structures are formed by 

combining the upper and lower facesheets and the 

core structure between these surfaces. Different 

applications and methods are used to join these two 

elements. But this bonding is mostly achieved by 

using different adhesive types. Determining the 

mechanical behavior of this structure at the time of 

impact is very important from an engineering 

perspective. To model the adhesive behavior between 

these two elements, a CZM model with a bilinear 

traction-separation relationship was developed. The 

basis of this law lies in the application of three 

independent parameters. The traction between the 

layers when the force is applied is 𝑡0, the separation 

distance that occurs when the damage begins is 𝛿0 and 

the remaining under this curve is 𝐺𝐶. After the impact 

occurs, separation between layers occurs according to 

this principle (Figure 5) 

  Adhesion here can be achieved in two ways. 

This can be achieved by first defining a thin interface 

material between the top facesheets and the core in the 

middle. Or, this adhesion can be achieved by using the 

adhesion surface that performs the same function. 

Dogan et al. [36] determined that this method is 

effective instead of using intermediate materials. In 

this study, The CONTACT_AUTOMATIC 

SURFACE TO SURFACE TIEBREAK contact card 

was used to adhere the upper and lower facesheets to 

the core material in between. While the adhesion here 

is achieved, as shown in Figure 5, separations occur 

based on the bilinear traction-separation law. With 

this contact card, the nodes making contact in the 

beginning connect with each other according to the 

following criterion. 

 

 

Figure 5. Bilinear traction-separation law. 
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(
|𝜎𝑛|

𝑁𝐹𝐿𝑆
)

2

+ (
|𝜎𝑠|

𝑆𝐹𝐿𝑆
)

2

≥ 1   (5) 

Here, while 𝜎𝑛 and 𝜎𝑠 are the current normal 

and shear stresses, 𝑁𝐹𝐿𝑆 and 𝑆𝐹𝐿𝑆 are respectively 

the interface and shear strength. When the condition 

of Equation (5) is met, interface node stress is 

decreased to zero and the connection between the 

nodes is released. The contact parameters for Araldite 

2015, which was used as the adhesive material in this 

research, are provided in Table 2. 

Table 2. Cohesive parameters of delamination between 

core and face sheets interfaces [15]. 

Contact Tiebreak Variable Value Units 

𝑁𝐹𝐿𝑆 21.63x109 Pa 

𝑆𝐹𝐿𝑆 17.9x109 Pa 

𝑃𝐴𝑅𝐴𝑀 1 - 

𝐸𝑅𝐴𝑇𝐸𝑁 430 N/m 

𝐸𝑅𝐴𝑇𝐸𝑆 4700 N/m 

𝐶𝑇2𝐶𝑁 1 - 

𝐶𝑁 8080 Pa/m 

 

 

2.3. MAT_54-55: Enhanced Composite 

Damage Model 

The mechanical properties of the GFRP material used 

in the study are given in Table 3-4 and the mechanical 

properties of the Al 6061-T6 core material are given 

in Table 5. The most used model in the analysis of 

composite structures is the MAT_54-55 material 

model. If there is no damage in the material model, 

the material is assumed to be orthotropic and linear 

elastic. In this model, MAT 54 damage criterion was 

proposed by Chang and MAT 55 damage criterion was 

proposed by Tsai-Wu. Although the working logic of 

this material model and the MAT 22 model is the 

same, it additionally includes the compression 

damage mode. The Chang–Chang criterion 

(MAT_54) is given below; Tensile fibre (11 > 0 ). 

 

(
11

𝑆1
)

2
+ ̅ = 1      (6) 

 

All moduli and Poisson’s ratios are set to zero 

when the tensile fibre failure criteria are met, that is 

𝐸1 = 𝐸2  = 𝐺12 = 12 = 21 = 0 All the stresses in the 

elements are reduced to zero, and the element layer 

has failed.  

Failure mode for compressive fibre (11 > 0), 

 

(
11

𝑆12
)

2
= 1     (7) 

 

Failure mode for tensile matrix (11 > 0),  

      

(
22

𝑆2
)

2
+ ̅ = 1       (8) 

 

Failure mode for compressive matrix 

 

(
22

2𝑆12
)

2
+ [(

𝐶2

2𝑆12
) − 1]

22

𝐶2
 + ̅ = 1    (9) 

 

Where  𝐸1  and 𝐸2 are the longitudinal and transverse 

elastic moduli, respectively, 𝐺12 is the shear modulus, 

12  and 21  are the in-plane Poisson’s ratios.  

Table 3. Mechanical parameters of the GFRP composite 

[37]. 

Symbol Value Unit 

𝜌 1500 kg/m3 

𝐸𝑎 , 𝐸𝑏 19 GPa 

𝐸𝑐 6 GPa 

𝜐𝑎𝑏  0.162 - 

𝜐𝑏𝑐 0.162 - 

𝜐𝑐𝑎 0.162 - 

𝐺𝑎𝑏 3.786 GPa 

𝐺𝑏𝑐 1.709 GPa 

𝐺𝑐𝑎 1.709 GPa 

𝑆𝑎𝑇  0.459 GPa 

𝑆𝑎𝐶  0.2238 GPa 

𝑆𝑏𝑇 0.459 GPa 

𝑆𝑏𝐶  0.2238 GPa 

𝑆𝑎𝑏  0.0828 GPa 
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Table 4. Failure parameters of the GFRP composite [37]. 

Symbol Unit 

𝐷𝐹𝐴𝐼𝐿𝑀 0.0 

𝐷𝐹𝐴𝐼𝐿𝑆 0.0 

𝐷𝐹𝐴𝐼𝐿𝑇 0.0 

𝐷𝐹𝐴𝐼𝐿𝐶 0.0 

𝑇𝐹𝐴𝐼𝐿 0.16 

𝐴𝑙𝑝ℎ𝑎 0.0 

𝑆𝑜𝑓𝑡 0.7 

𝐹𝐵𝑅𝑇 1 

𝑌𝐶𝐹𝐴𝐶 3 

𝐸𝐹𝑆 0.90 

 

Table 5. Mechanical properties of Al 6061-T6. 

Density 

(kg/m3) 

E 

(GPa) 

Poisson 

ratio 

Yield stress 

(MPa) 

Failure 

strain 

2850 72 0.33 252 0.4 

 

3. Results and Discussion 

Impact simulations were carried out in the LS DYNA 

finite element program to determine the impact 

behavior of sandwich composite specimens with 

Aluminum T6061 core and GFRP facesheets. Impact 

testing results in three different scenarios. The 

impactor may bounce back from the specimen’s 

surface. It loses some of its energy but then continues 

with a certain energy. This is called rebounding. The 

impactor may get stuck in the specimen and its 

velocity will decrease to zero. Here, the specimen 

absorbed all the energy of the impactor. This is called 

penetration. If the impactor pierces the specimens and 

comes out from the back surface, it is called 

perforation [15]. The name of an impact test may 

change depending on the velocity of the impactor. If 

the impactor's velocity is less than 10 m/s, it is called 

a low velocity impact. If it is between 10-50 m/s, it is 

called medium velocity impact, and if the impactor's 

velocity is more than 50 m/s, it is called high velocity 

impact [21]. These studies are mostly used for 

ballistic research. Three different impactor types were 

used in this study. These are Sphere, Cylinder and 

Cone. The width and height of these impactors are the 

same, but their volumes are different. Therefore, in 

order to perform an impact test with the same energy 

values, it is necessary to have different velocities. 

Impact tests were carried out at three different 

energies: 10 J, 30 J and 60 J. The specimens used in 

the study include 1-layer core specimen, 2-layers core 

specimen and 3-layers core specimen. Separate 

situations have been evaluated for these. 

In Figure 6, variation of contact force-time, 

energy-time, contact force-displacement and 

velocity-time graphs with impactor geometry are 

given for 10 J. When the contact force-time graph is 

examined in Figure 6a, the contact force for the 

cylinder impactor reached a maximum point of 11.43 

kN and then returned to the zero point. The impactor 

rebounded from the specimen surface. This impact 

phenomenon is called rebounding. It has been 

determined that there are no sharp oscillations on the 

graph. It was observed that the impact process was 

completed without damaging the layers. When the 

graph for the sphere impactor is examined, the contact 

force reaches a peak of 4.58 kN and a sharp decrease 

in force occurs. Here it is understood that the upper 

surface is damaged. In the cone impactor, it has been 

observed that the force decreases sharply after a 

shorter period of time compared to other impactor 

types. The reason for this is that the impactor shape is 

sharper than the others. When the energy-time graph 

in Figure 6b is examined, an impact simulation was 

applied with an impact energy of 10 J for all three 

impactors. However, the remaining energies at the 

end of the impact are different from each other. While 

the initial energy for the sphere impactor is 10 J, the 

energy after the impact is 1.32 J. When the energy in 

the final state is subtracted from the energy in the 

initial state and divided by the initial energy, the 

absorbed energy efficiency value is obtained. This 

value was determined as 0.86 for sphere impactor, 

0.79 for cylinder impactor and 0.97 for cone impactor. 

When the contact force-displacement graph is 

examined in Figure 6c, the maximum displacement 

occurred as 2.96 mm in case of impact with the 

cylinder impactor. It is observed for all specimens that 

after the impactor contacts the specimen, the 

displacement increases with the force, and then the 

force and displacement reach zero values. In Figure 

6d, it was determined that changes occurred in the 

velocity-time graph in parallel with the energy-time 

graph. More detailed results of these graphs will be 

given in the next section. 
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Figure 6. Variation of a) Contact force-Time, b) Energy-Time, c) Contact force-Displacement and d) Velocity-Time 

graphs with impactor geometry (10 J). 
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Figure 7. Variation of a) Contact force-Time, b) Energy-Time, c) Contact force-Displacement and d) Velocity-Time 

graphs with impactor geometry (30 J). 
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Figure 8. Variation of a) Contact force-Time, b) Energy-Time, c) Contact force-Displacement and d) Velocity-Time 

graphs with impactor geometry (60 J). 

Variation of contact force-time, energy-time, 

contact force-displacement and velocity-time graphs 

with impactor geometry are given in Figure 7 for 30 J 

and in Figure 8 for 60 J. The general evaluation of 

these graphs will be made through Figure 9. In Figure 

9, peak force, energy absorption efficiency and 

maximum displacement values of impactor types for 

10 J, 30 J and 60 J are compared using 1-layer core 

specimen. In Figure 9a, peak force values for 

cylinder, cone and sphere were obtained as 11.42 kN, 

5.07 kN and 4.58 kN, respectively, at 10 J impact 

energy. It was determined that the highest contact 
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force was obtained with the cylinder impactor if all 

three specimens were impacted with equal impact 

energy. The reason for this is that as the contact 

surface area increases, the time for damage to the 

material becomes longer. Therefore, the contact time 

continues to increase until the energy runs out [26]. 

When looking at the energy absorption efficiency 

value, it was determined as 0.79, 0.97 and 0.86 for 

cylinder, cone and sphere, respectively. The 

maximum displacement values were 2.96 mm in the 

test performed with the sphere impactor. When the 

impact energy increased from 10 J to 30 J, it was 

determined in Figure 9b that the contact force and 

maximum displacement value increased for all three 

specimens. Energy absorption efficiency value varies. 

In other words, while this value decreases for the cone 

impactor, it increases for the cylinder and sphere 

impactor. It was determined that when the impact 

energy was 60 J, the contact force and maximum 

displacement value increased in parallel. When 

energy absorption efficiency values are compared 

between 10 J and 60 J for cylinder, cone and sphere, 

changes occurred as 16.2%, -7.26% and 9.27%, 

respectively. In general, as the impact energy 

increased for the cylinder and sphere impactor, the 

energy absorption efficiency value of the specimens 

also increased. In cone impactor, the absorption rate 

varies because material damage occurs in the 

specimen structure caused by the impactor. In Figure 

10, peak force, energy absorption efficiency and 

maximum displacement values of impactor types for 

10 J, 30 J and 60 J are compared using a 2-layer core 

specimen. When the number of layers increased from 

1 to 2, the peak force value for the cylinder impactor 

at 10 J decreased by 39%, while the peak force values 

for the cone and sphere impactor increased by 21.9% 

and 38.8%, respectively. In Figure 11, peak force, 

energy absorption efficiency and maximum 

displacement values of impactor types for 10 J, 30 J 

and 60 J are compared using a 3-layer core specimen. 

As the impact energy increases, the peak force value 

also increases in parallel. The maximum displacement 

value increases for the same impact energy as the 

number of layers increases. 

In Table 6, the damage deformations 

occurring on the specimen for cylinder, cone and 

sphere for 10 J are given. The LS DYNA MAT-54 

material model and the ability to see different 

damages offered to users were used here [38]. Tensile 

fiber mode, Compressive fiber mode, Tensile matrix 

mode and Compressive matrix damage modes 

occurring in the specimen were shown separately. 

The areas shown here in red indicate the damage to 

the structure. The areas shown in blue represent areas 

where damage has not occurred yet. The colors 

between these two color scales can be determined 

from here whether damage is close at the fringe level. 

Total stress values are calculated for the initiation of 

damage in an element. When these stress values reach 

the yield strength of this element, that is, 1, damage 

occurs here and the element at this point is deleted in 

the finite elements [15]. The force then passes to the 

other element. When the impact results with different 

impactors are examined in Table 6, it was determined 

that the biggest damage type for all three impactors 

was matrix damage. While damage occurred on the 

specimen surfaces with all three impact impacts, no 

damage occurred on the back surface of the specimen 

for the Tensile fiber mode and Compressive fiber 

mode [15]. The greatest matrix damage on the front 

surface occurred in the impact simulation made with 

the cone impactor. Since the shape of the cone 

impactor is more pointed than the others, it leaves 

large deformations on the element it contacts. 

Therefore, even though the area it contacts is small, it 

can cause great damage because it leaves a 

devastating effect [3]. However, the damage area it 

causes on the back surface is less. Table 7 shows the 

damages for impact energy of 30 J. It is seen that as 

the impact energy increases, the damage areas also 

increase. It is seen that destructive damage increases 

when the impact energy is 60J [39]. Especially in the 

test performed with the cone impactor, the upper 

cover and core structure were severely damaged. 
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Figure 9. Variation of Contact force, Absorbed energy efficiency, maximum displacement values for a) 10 J, b) 30 J and 

c) 60 J (1-layer core specimens). 
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Figure 10. Variation of Contact force, Absorbed energy efficiency, maximum displacement values for a) 10 J, b) 30 J and 

c) 60 J (2-layer cores specimens). 
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Figure 11. Variation of Contact force, Absorbed energy efficiency, maximum displacement values for a) 10 J, b) 30 J and 

c) 60 J (3-layer cores specimens). 
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Table 6. Deformation images under different impactor force [10 J]. 
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Table 7. Deformation images under different impactor force [30 J]. 
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Table 8. Deformation images under different impactor force [60 J]. 
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Figure 12. Matrix damage progress graph for cylinder and cone impactor. 

 

 

When the impactor applies an impact to the 

specimen surface at a certain velocity, the stress value 

increases at the point of contact and damage occurs to 

the elements at this point due to high stresses [26]. 

This process occurs in a very short time. It is very 

difficult to follow this damage progression in 

experimental studies. With developing technology, 

this damage process can be monitored, at least 

partially, with high-pixel cameras. Nevertheless, it is 

difficult to see the damage that occurs in the internal 

structure of the material during impact. However, the 

finite element method provides convenience for 

researchers at this point [5]. The types of damage 

occurring in the specimen can be seen at any time 

during the impact. Figure 12 shows the peak force-

time graph of impact simulations with cylinder and 

cone impactors. Here the sphere graph is not included 

because it is too close to the cone shape and the graph 

is too complex. When adding matrix damage images, 

only the images at the critical point were added. 

Immediately after the impactor contacted the 

specimen, the stress values in the specimen increased 

at 𝑡 = 0.039 ms. It is seen for both specimens that the 

stress values increase, especially at the point where 

the impactor contacts and on the back surface just 

below. In the simulation with the cone impactor, 

damage occurred on the upper surface at 𝑡=0.039 ms 

and the force value decreased accordingly. In the 

simulation with the cylinder impactor, damage 

occurred to the upper facesheet at 𝑡 = 0.067 ms, but 

there was a larger decrease in force. Here, it was 

determined that damage occurred to the core structure 

along with the upper cover. In the cone impactor, 

since the impactor shape is sharp, the facesheets 

elements at the point of contact are deleted [27]. 

Therefore, the force decrease occurred to be smaller. 

At the end of the impact test, in the simulation with 

the cylinder impactor, the impact test ended at 𝑡 = 

2.77 ms and the damage to the facesheet and core 

structure was caused at the point of contact. In the 

simulation made with the cone impactor, the impact 

test ended at 𝑡 = 2.08 ms and damage pictures are 

shown. 
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Figure 13. Comparisons of energy absorption efficiencies. 

 

In order to increase the energy absorption 

efficiency of sandwich composite structures, tests and 

analyzes have been carried out by making many 

structural changes. At the end of these tests and 

analyzes, energy absorption efficiency values are 

obtained and evaluated to compare their efficiency. 

The minimum and maximum absorption efficiency 

values of the sandwich structures used in the current 

study for different impactors are compared with other 

studies in the literature [29, 31, 40, 41] with different 

features and different structures (Figure 13). In the 

present study, the highest energy efficiency value 

obtained in the simulation with the cone impactor was 

found to be 3% higher than the study by He et al [40] 

and 42.4% higher than the study by Xue et al [29]. 

What is important here is to determine the optimum 

dimensions of the sandwich composite structure in 

terms of engineering by knowing the area of use and 

the load it will be exposed to. The focus of all these 

researches is to make the most suitable design for 

different impactors that the system will be exposed to 

within the limits of minimum cost and maximum 

safety. 

 

4. Conclusion and Suggestions 

 

In this study, the impact performance and damage 

behavior of sandwich composite structures with a 

core material of aluminum and a facesheet of glass 

fiber composites were examined using the finite 

element method. In the study, the effects of impactor 

shape, impact velocity and number of core layers on 

peak force, absorbed energy efficiency, maximum 

displacement and damage deformation were 

investigated. For low velocity impact simulation, 

progressive damage analysis was performed based on 

the Hashin damage criterion using the MAT 54 

material model in the LS DYNA finite element 

program. The results obtained at the end of the study 

can be listed as follows; 

 

 The peak force value obtained with the cylinder 

impactor is higher than other specimens. This is 

due to the large contact area of the impactor with 

the specimen. 

 In the impact test performed with the cone 

impactor, the damage time to the specimen is 

shorter than in the others. Because its impactor 

shape is sharper, its destructive effect is greater. 

 The largest displacement as a result of the impact 

occurred with the sphere impactor. 

 Energy absorption efficiency varies as impact 

energy changes. But as the impact energy 

increases, the energy absorption efficiency also 

increases. 

 As the number of layers of the core structure 

increases, the peak force for the cylinder 

impactor decreases while the peak force for the 

sphere and cone impactor increases. 

 It was determined that the largest and dominant 

damage type for all three hitters was matrix 

damage. 
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