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Abstract: The dynamic behavior of nanocomposites, owing to variations in impact velocity, was investigated in this study. Young’s 

modulus was modified using the modified rule of mixture to obtain transverse properties of the nanocomposites, which were more 

accurate than that of the rule-of-mixture composites. Combinations for four kinetic energies of 0.051, 0.204, 0.817, and 1.84 J, which 

corresponded to impact velocities of 5, 10, 20, and 30 m/s, respectively, were considered. The nanocomposites were composed of 20 

layers positioned at [0/45/0/-45/0]2S with a nanoclay content of 5 wt.% NC. It was found that as the kinetic energy increased, the 

maximum contact force and deflection increased, and the contact duration decreased. Generally, for variables of geometry change, 

the contact force and deflection tended to be opposite for most dynamic responses, but the two relationships tended to be similar for 

the kinetic energy variables. In other words, as the kinetic energy increased, the contact force, plate deflection, rebound energy, and 

absorbed energy increased, whereas the coefficient of restitution decreased. 
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1. Introduction
Composites are used in many structures, such as automobiles 

and buildings, owing to their mechanical properties, such as 

light weight and abrasion resistance. Because the addition of a 

few nanoclays can significantly improve the mechanical proper-

ties of the original composites, research and the industry have 

shown interest in using nanoclays for reinforcing polymer-

based composites. Nevertheless, several studies on the impact 

response of nanocomposites have been conducted experimental-

ly to evaluate the impact of external objects on nanocomposites. 

Wuite et al. [1] analyzed nanocomposites using the classical 

composite theory but did not apply the law of contact. Meybodi 

et al. [2] applied the Euler–Bernoulli theory to investigate the 

impact response of nanocomposites and examined the effects on 

the impact response of various beam variables, such as nanoclay 

content, initial velocity, stacking sequence, and geometric pa-

rameters. Reddy et al. [3] conducted an experimental study on 

the effects of nanoclay and incident energy on the impact re-

sistance of laminates under impact. However, there is a need to 

introduce a higher order theory to improve the degree of inter-

pretation. The third-order theory [4] is nonlinear, does not re-

quire shear correction used in the linear theory [5], and can be 

used to predict more accurate stress conditions.  

Therefore, a simulation of the dynamic behavior of nano-

composites based on the kinetic energy was performed in this 

study using a third-order theory. Combinations of four kinetic 

energies of 0.051, 0.204, 0.817, and 1.84 J, with corresponding 

impact velocities of 5, 10, 20, and 30 m/s, respectively, were 

considered. Finally, the dynamic behaviors of contact force, 

deflection, absorbed energy and coefficient of restitution 

(COR), owing to variations in kinetic energy, were investigated. 

2. Theoretical Background
The nanoclay/epoxy nanocomposite consisted of 20 layers (a 

layer: 0.25 mm) laid at [0/45/0/-45/0]2S, and the nanoclay con-

tent 5 wt.% NC. The kinetic energies were 0.051, 0.204, 0.817, 

and 1.84 J, with corresponding impact velocities of 5, 10, 20, 

and 30 m/s, respectively. The formulations were based on a 

third-order theory [3], and the detailed processes are described 

in References [6][7]. 

For the changes in the dynamic behavior of the nanocompo-

sites owing to variations in the impact velocity, combinations of 

the four kinetic energies of 0.051, 0.204, 0.817, and 1.84 J, and 

corresponding impact velocities of 5, 10, 20, and 30 m/s were 

considered. The nanocomposites were composed of 20 layers at 

[0/45/0/-45/0]2S with a nanoclay content of 5 wt.% NC, and 

Young’s modulus of Chan et al. [8] was adopted. The mechani-

cal properties were modified using the modified rule of mixture 
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(MROM) [9] to obtain transverse properties of the nanocompo-

site that are more accurate than those of the rule of mixture 

(ROM) (Table 1). The MROM properties are expressed as fol-

lows: 

E11=Ef*Vf+Eeq,m*Veq.m 

E22=[√Vf/(√Vf *Ef+(1-√Veq.m) *Eeq,m)+(1-√Veq,m)/Eeq,m)] -1 

G12=[√Vf/(√Vf *Gf+(1-√Veq.m) *Geq,m)+(1-√Veq,m)/Geq,m)] -1                                                                                                                   

ν12=νf*Vf+νeq,m*Veq.m 

ν21=ν12*E22/E11    (1) 

where E, G, and V are the elastic modulus, shear modulus, and 

volume fraction, respectively. The subscripts f and eq,m indicate 

the fiber and equivalent properties of the nanocomposite, re-

spectively. 

Table 1: Young's modulus of nanoclay/epoxy at [0/45/0/-

45/0]2S containing 5 wt.% NC 

Stacking 
sequences 

N wt.% 
nanoclay 

inside 
epoxy 

Young's 
modulus* 

Eeq,m 
(GPa) 

E11 
(GPa) 

E22 
(GPa) 

G12 
(GPa) ν12 

[0/45/0/ 
-45/0]2S 

N=5 2.841 43.921 8.718 3.400 0.29 

*Chan Mo-lin et al.[8] Results by MROM [9] 

3. Results and Discussion
Figure 1 shows the relationships of the contact force and –

deflection of nanocomposites with time for different impact 

velocities. As the kinetic energy increased, the maximum con-

tact force and maximum plate deflection increased, and the 

contact duration decreased (Figure 1). 

Figure 1: Variations in (a) contact force and (b) deflection with 

time for different impact velocities 

Generally, for variables of geometry change, the contact force 

and plate deflection tended to be opposite for most dynamic 

responses, but for the kinetic energy variables, the two relation-

ships tended to be similar. In other words, as the kinetic energy 

increased, the contact force and plate deflection increased, and 

vice versa. Figure 2 depicts the contact force–indentation rela-

tionship for different impact velocities. All work done by an 

impactor on the nanocomposite plates during the loading pro-

cess was kinetic energy. We can see that the slope remained 

constant, regardless of the impact velocity, but the magnitude 

depended on the impact velocity. This showed that the higher 

the impact, the more likely that the nanocomposites were ex-

posed to damage.  

Figure 2: Relationship between contact force and indentation 

for different impact velocities 

(a) 
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(b) 

Figure 3: (a) Contact force–plate deflection and (b) contact 

force–ball displacement relationships for different impact veloc-

ities 

(a) 

(b) 

Figure 4: Variations in (a) ball displacement and (b) indenta-

tion with time for different impact velocities 

Figure 3 shows the contact force–deflection and contact 

force–ball displacement relationships. Figure 4 shows the var-

iations in ball displacement and indentation with time for dif-

ferent impact velocities. It was found that there was no maxi-

mum contact force at the time of the maximum plate deflection 

and maximum ball displacement, which indicated a typical 

wave-controlled impact [10][11]. The higher the impact veloci-

ty, the higher the contact force, plate deflection, and ball dis-

placement. 

(a) 

(b) 

Figure 5: Variations in (a) ball velocity and (b) energy with 

time for different impact velocities 

Figure 5 depicts the variations in the ball velocity and kinetic 

energy with time for different impact velocities. At the time was 

zero, the impactor provided the initial velocity and initial ener-

gy when it hit the nanocomposites. The energy difference (ini-

tial rebound) was the absorbed energy of the nanocomposites. 
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(a) 

(b) 

Figure 6: (a) Energy–impact velocity and (b) COR–impact 

velocity–kinetic energy relationships 

Figure 6 depicts the energy–impact velocity and COR–impact 

velocity–kinetic energy relationships. It was found that the 

higher the impact velocity, the higher the rebound and absorbed 

energy, but the lower the COR. 

4. Conclusions
A study on the kinetic energy of the dynamic behavior of 

nanoclay/epoxy nanocomposites subjected to external impact 

was conducted using a third-order plate theory based on a con-

tact law. Young's modulus was modified using the MROM to 

determine transverse properties of the nanocomposite that are 

more accurate than ROM properties. Combinations for four 

kinetic energies of 0.051, 0.204, 0.817, and 1.84 J, with corre-

sponding impact velocities of 5, 10, 20, and 30 m/s, respective-

ly, were considered. The nanocomposites were composed of 20 

layers at [0/45/0/-45/0]2S with a nanoclay content of 5 wt.% NC. 

It was found that an increase in the impact velocity or kinetic 

energy increased the maximum contact force and plate deflec-

tion but decreased the contact duration. The maximum contact 

force and deflection of the nanocomposites increased, and the 

contact duration decreased. This behavior was different from 

the tendency of contact forces and plate deflections of the im-

pact characteristics when other geometric variables, other than 

the impact velocity, changed. Moreover, as the kinetic energy 

increased, the contact force, plate deflection, rebound energy, 

and absorbed energy increased, whereas the COR decreased. 

These results are critical factors that should be considered in the 

design and manufacture of impact-prone composite materials. 
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