Journal of Advanced Marine Engineering and Technology, Vol. 44, No. 6, pp. 441~445, 2020

J. Advanced Marine Engineering and Technology (JAMET)
https://doi.org/10.5916/jamet.2020.44.6.441

ISSN 2234-7925 (Print)
ISSN 2234-8352 (Online)
Original Paper

Effect of kinetic energy on stress behavior of coated glass plates
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Abstract: Glass plates are generally coated with films to improve their ability to withstand external wind and impacts. In this study,

the effects of the kinetic energy of impacting objects on the dynamic behavior of coated glass plates are investigated using a powerful

impact finite element approach in conjunction with the Reddy’s higher-order shear deformation theory and a generalized power law.

The results show that, unlike most homogeneous materials, which show the maximum principal stress o1 on the surface right under-

neath the indenter, the coated glass plate investigated in this study shows the maximum principal stress o1 on the interface between

film and glass. This indicates that the film—glass interface is more prone to failure than the other layer. The simulation approach es-

tablished in this study allows the quantitative evaluation of the impact behavior of coated glass plates according to the impact veloci-

ty.
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1. Introduction

Films that can withstand external wind and impact are coated
on glass plates mainly to absorb the impact by reducing the
stresses on the actual glass plates. When a coated glass plate is
impacted by an external object, the glass plate experiences
stress and can get damaged. Coated glass plates, unlike homo-
geneous materials, can reduce the damage due to flight debris
by capturing fragments on the film layers. Therefore, the coated
film can greatly reduce the risk of injury by acting as a barrier
to broken glass, preventing it from penetrating inside, and the
overall weight of the coated glass can be reduced without reduc-
ing the overall thickness.

The stress induced by the contact between two objects is re-
ferred to as contact stress. Hertz [1] presented the theory of
contact to calculate the size, deformation, and stress of contact
surfaces with simple shapes, such as spheres and cylinders, but
it is of great importance to help recognize contact behavior.
According to the Hertz theory, there is an area in which the
contact pressure inside the contact surface decreases to zero at
the point inside the object, not at the center of the contact sur-
face. Recently, many studies investigated the impact behavior
of laminated and coated glass plate systems [2]-[4].

The classic Hertz contact law cannot explain the pressure re-
sponse of thin-film-coated glass plates to compression owing to

the complexity of the deformation and stress fields of the coated

glass. Recently, Kurapati [5] proposed the generalized power
law (load-deflection curve), which can be applied when the film
thickness and coefficient change in the layered system, and
verified it using ABAQUS.

In this study, an effective impact finite element approach was
used in conjunction with the high-order shear deformation theo-
ry of Reddy [6] and generalized power law to study the micro
behavior of coated glass plates subjected to low-velocity impact
load due to changes in the kinetic energy. Finally, we will study
the micro behavior such as stress etc. by changes in the four
kinetic energies, namely the impact velocity V=5, 10, 20, and
30 m/s.

2. Fundamental Theory

We investigate a geometry and a quarter model of the target
consisting of two layers with film thickness ht of 0.2 mm and a
glass thickness h of 4 mm under a drop weight impact of radius
R of 6.35 mm at the center with initial velocity Vo. The stress
behavior between the target and impactor is predicted by calcu-
lating the displacement components of a point at a distance of z
from the reference plane according to Reddy’s high-order shear
deformation theory [6] as follows:

u(x y, 7, 8 = uo(x y, ) + 2l @x - (422/3h7) (px + W),
W%y, 2 80 =vo(x y, 8 + 2@y - (422/30) (pr+ wy)],
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w(x y, 2 t) = wo(x y, 0, 1)

where (uo, Vo, Wo, ¢x ¢y) are unknown functions to be deter-
mined. The equivalent material properties of the coated glass
plate are used to calculate the contact stiffness using Kurapati’s

generalized power law [5] as
F = CE,6P, &)

where F, §, p, and CE; are the contact force, indentation,
power, and contact stiffness, respectively.

According to Equation (2), the contact force—deflection re-
sponse for the indentation of the coated film/glass plate follows
a general power law relation. To obtain the numerical analysis
results of the stress behavior of the coated glass plate, we ap-
plied a generalized power law than considered the Hertzian
contact law, Newton's second law, and the Newmark's integra-
tion scheme for solving the dynamic equations. Because glass is
brittle, the loading and unloading processes are treated as elastic.
The glass plates are assumed to be impacted at the center by a
steel ball impactor.

The details of the simulation processes utilized in this study
can be found in References [2]-[4].

3. Results and Discussion

Figure 1 (a) and (b) shows the 3D dynamic behaviors of the
contact force and deflection, respectively, according to the
changes in the impact velocity. From the figure, it can be seen
that a higher impact velocity led to a greater maximum contact
force and deformation of the plate and a shorter contact time.
Furthermore, the impact response to all variables except the
impact velocity was inversely proportional to the maximum
contact force, as found in References [2]-[4]. Therefore, if there
are other parametric changes without changes in the impact
velocity, the increase in the maximum contact force will result
in a reduction in the contact duration and maximum deflection.

Figure 2 (a), (b), and (c) shows the stress histories of ox, oy,
and oxy on the film—glass interface (the surface on the glass
plate), referred to as surface S2, respectively, according to the
changes in the impact velocity. From the figure, it can be seen
that a larger impact velocity led to greater stresses ox, ay, and oxy
on S2. Figure 3 (a), (b), and (c) shows the 3D shapes and con-
tours of principal stress o1 at an impact velocity of 10, 20, and
30 m/s, respectively. From the figure, it can be seen that as the
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impact velocity increased, the principal stress rapidly increased
at the impact point and caused a large wave in the coating glass
plate. Figure 4 shows 2D and 3D distributions of the stress o1
along the thickness according to the changes in impact velocity.
It can be seen that unlike most homogeneous materials, in
which the maximum stress o1 is on the surface right underneath
the indenter, the coated glass plate experienced the maximum
stress o1 on the interface between film and glass. All stress
components obtained by first-order shear deformation theory
vary linearly through the thickness [7], whereas the stress com-
ponents obtained by higher-order theory vary nonlinearity. As
can be seen from Figure 4 (a), a discontinuance was obtained
by higher-order theory due to the significant difference in the
material properties of the film and glass. Finally, the interface
S2 was more prone to failure risk than the other layer owing to

the difference in the maximum stress o1 of the two layers.
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Figure 1: 3D histories of (a) contact force and (b) deflection
according to changes in impact velocity
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Figure 2: Evolution on (a) ox, (b) ay, and (c) oxy on the film—

glass interface (S2) with different impact velocity
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Figure 3: (a) 3D shapes and (b) contours of principal stress o1

on the film—glass interface (S2) at different impact velocities
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Figure 4: (a) 2D and (b) 3D variations in stress o1 along the
thickness at different impact velocities

4. Conclusions

The stress behavior of glass plates coated with thin films at
different impact velocities (5, 10, 20 and 30 m/s) was investi-
gated using a powerful impact finite element approach in con-
junction with the Reddy’s higher-order shear deformation theo-
ry and a generalized power law. The results indicate that as the
impact velocity increases, the contact force and deformation at
the point of contact increase significantly. Unlike most homog-
enous materials, which experience the maximum principal
stress o1 on the surface right underneath the indenter, the coated
glass plate experienced the maximum principal stress o1 on the
interface between film and glass. This indicates that the film—
glass interface is more prone to failure than the other layer. The
simulation approach established in this study allows the quanti-
tative evaluation of the impact behavior of coated glass plates
according to the impact energy.
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