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Abstract— In this paper, low-velocity impact behavior of composites reinforced with glass fibers and epoxy matrix has been studied 
experimentally. In the constructed composite, glass fibers have been woven simply. Method used to make the composites was vacuum 
baking (Vacuum Assisted Resin Transfer Molding -VARTM) and epoxy curing has been carried out at temperature of 75 ° C under the 
pressure of 1.1 atmosphere.  Then the constructed composites were cut and encoded using water jet in accordance with ASTM D7136 
standard.  The Low velocity impact test was conducted at energy values of 20, 30, 50, 60, and 80 and the penetration and perforation 
threshold energy was specified using the energy profile method. According to the results of contact force values with increasing impact 
energy enhanced energy absorption and deflection. In the next level by drawing contact force-deflection diagram, the manufactured 
composites behavior against the impact loads has been studied and the energy variation effects on the maximum contact force-deflection 
values has been probed. According to the results, as the contact force levels of impact energy increased, correspondingly the absorption 
and deflection energy increased. 

Index Terms— Epoxy matrix, Fiber Composite, Glass Fiber, Low-Velocity Impact  

——————————      —————————— 

1 INTRODUCTION                                                                     
HE glass fibers use in the polymer composites structure in 
aerospace, marine and automotive industries is greatly 
expanded due to very high mechanical properties such as 

elasticity modulus and high resistance which is due to low 
density, high strength and elasticity modulus of these fibers 
[1]. In addition to their high mechanical properties, these 
composites because of good thermal properties of glass fibers 
such as high thermal conductivity, high thermal stability have 
acceptable thermal properties. Furthermore, these types of 
composites have good dimensional stability [2] and high me-
chanical fatigue resistance. Generally all composite materials 
are influenced by impact loads with different energy levels 
during the manufacturing and utilizing time. Perhaps these 
impact loads are due to very normal daily impacts or because 
of falling tools on objects made of composite materials. The 
impact loads with low energy levels might cause damages on 
external and internal structure of composites which are even 
undetectable by eyes. But the damages in the internal struc-
ture of these materials may decrease the mechanical character-
istics of them and eventually cause irreparable damages dur-
ing operation. Therefore, it’s very crucial and important to 
study the reasons of formation of such damages and analyzing 
them in order for confronting the consequences and decreas-
ing the damages. In recent years, due to extensive use of pol-
ymer- based composites reinforced with glass fibers and the 
sensitivity of these types of composites against high impact 
loads which in turn caused by glass fibers sensitivity against 

impact loads, extensive studies have been carried out on these 
composites behavior against the impact loads. In general, im-
pact tests based on energy and projectile velocity classified in 
three different types. Low speed impact testing, high speed 
impact testing, and impact testing at a very high speed. There 
is no specific standard for projectile velocity to determine the 
type of test. For example, according to some researchers such 
Shivakumar [3] and Cantwell [4] the maximum speed for low 
speed test will be 10 meter per second. 
 In the following chapters of this study the maximum contact 
force values and energy absorbed by the composite was also 
evaluated. Datta and his colleagues [5] have carried out a re-
search on the behavior of composite materials in a low-speed 
impact test in which they have examined the effects of Sample 
thickness on the amount of energy absorbed by the polymer 
composite samples reinforced with glass fibers and maximum 
contact force. Mitrovsky and his colleagues [6] have done a 
research that examined the effects of the projectile form on the 
composite behavior. Withangham and his colleagues [7] to 
explore the factors that affect the behavior of the composite 
impact have carried out a study on the effects of residual 
stresses in composite on these materials low-velocity impact 
behavior. According to the results, residual stresses in the 
composite structure reduces the contact force and absorbed 
energy in composite. In this article the effects of changing the 
impact energy amount on low velocity impact energy behav-
ior in composites with epoxy matrix and reinforced with glass 
fibers were investigated and also composite behavior in dif-
ferent amounts of energy with respect to the key parameters of 
low velocity impact, such as maximum contact force, and the 
maximum deflection caused by shock loads were examined.  
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2 TEST SAMPLES ION 
Twill woven Glass fibers was purchased from Spinteks Textile 
Company in Turkey. In order to make composites, glass fiber 
tissues were placed on top of each other and using Hand-Lay-
Up process were soaked with epoxy matrix. Then the process 
of making composites has been performed using the vacuum 
baking method (Vacuum Assisted Resin Transfer Molding) at 
a pressure of 1.1 atmospheres.  This composite structure in-
cludes 45% matrix material and 55% glass fiber and the thick-
ness of built samples is 6 mm. the schematic image of compo-
sites manufacturing operations has been illustrated in Figure 
1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Matrix material used in this study was thermosetting epoxy 
matrix and its curing operation was performed at a tempera-
ture of 75 ° C for 8 hours. Composite sheets were made with 
dimensions of 550*550 square mm. Composite plates were 
made with dimensions of 550 × 550 mm square and in order to 
provide impact test specimens cutting operations of samples 
was performed using water jet based on the ASTM D 7136 
standard dimensions of 80 × 80 mm. The samples encoded 
after cutting operations and were prepared to conduct impact 
tests with different energy levels. 

 

3 IMPACT TEST WITH LOW VELOCITY 
Low speed impact test was performed according to ASTM 
D7136 standard using the pull-down weight machine. This 
device was connected to an automatic measurement software 
which can perform the test at different energy levels and rec-
ord the data on test results such as contact force, absorbed 
energy, and projectile deflection and speed considering the 
time.  The machine’s load-bearing capability is about a 42.4 
k/N and the fixture-pneumatic whole diameter which holds 
the sample is 76.2 mm. in this study profile energy method 
was employed to determine the composite failure threshold 
energy and samples were tested under different energy level 
impacts. And the Penetration and Perforation threshold de-
termined using trial and error procedure. 

4 DISCUSSION 
The size of the energy required to perform the impact test is 
one of the most important parameters that should be deter-
mined before starting the main test. This energy is determined 
using energy profile method. In this method the desired mate-
rial samples are hit by projectile with different energy levels 
that start from low amounts. The purpose of this step is to de-
tect perforation and penetration threshold energy. Penetration 
threshold energy is the amount of energy that projectile pene-
trate into the sample and therefore the total amount of projec-
tile energy is absorbed by the sample. In this case, the amount 
of energy absorbed equals with impact energy, and energy 
point position will be on equal energy line. The minimum en-
ergy required for the projectile to perforate through the sam-
ple is referred to as threshold perforation energy. Energy pro-
file diagram for the epoxy matrix composite reinforced with 
carbon fibers is illustrated in Figure 2.  

 
 
 
 
 
 

 

 

 

 

 

 

 
 
In this study, five tests with different energy levels were car-
ried out to obtain perforation and penetration threshold ener-
gy. The first 3 tests were performed at 20, 30, and 50 joule en-
ergy level. These tests indicated that the impact energy was 
not sufficient to pierce the sample and the projectile after hit-
ting the sample and giving some energy to it rebounds from 
its surface. In this case, the energy point position is under the 
equal energy line. When the impact energy increases to 60 
joules, as illustrated on figure 3, the energy point positon will 
be on equal energy line and the total amount of projectile en-
ergy will be absorbed by the sample. This amount of energy is 
referred to as penetration threshold energy. With increasing 
impact energy to 80 joules, after the collision projectile perfo-
rates and passes through the sample. In this case which indi-
cated as the energy point 5, the absorbed energy by the sample 
is lower than the impact energy. Contact force-deflection Dia-
gram of composite samples behavior under 20, 30, 50, 60 and 
80 joules low velocity impact energy illustrated in Figure 3. 

 
 

 

 
Fig. 1. Schematic illustration of Vacuum Assisted Resin Transfer 
Molding (VARTM)  

  
Fig. 2. Energy profile of epoxy matrix composite reinforced with glass 
fibers 
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In general, contact force-deflection diagram includes two open 
and close modes. When the projectile impacts the sample’s 
surface, three situations may occur during the process. In the 
first situation, as mentioned, the impact energy of the projec-
tile was not enough to pierce the sample. In this condition, 
after hitting the sample and bringing some energy to it, the 
projectile changes its direction and moves on. During the pro-
cess of Impact some minor damages may appear on the sam-
ples and this procedure is referred to as rebounding. As indi-
cated in figure 4, the contact force-deflection curve is closed in 
this situation and the curve moves to the value of zero deflec-
tion after the energy level drops to zero point. As is clear in 
Figure 4, for all the impacts with energy levels below 60 joules 
rebounding mode occurred. With increasing impact energy to 
80 joules, as seen in energy profile in Figure 3, the projectile 
penetrates into the sample and penetration mode occurs.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In this case also, the contact force-deflection curve is closed 

except the fact that when the energy drops to zero the deflec-
tion value will not be zero and this process occurs in the 
amount of 60 joules energy. With increasing impact energy the 
curve moves from close mode to open mode and in this case 
some amount of energy is lost due to the friction between pro-
jectile and sample.  The deflection diagram for glass fiber rein-
forced composite samples with respect to is illustrated in Fig-
ure 4. 

In general, as is evident from Figure 4 with increasing 
amount of impact energy the maximum contact force between 
the projectile and sample increased. With the impact energy of 
20 joules the amount of contact force is about 8040 newton and 
as the impact energy increases to 30 joules of impact energy of 
30 joules the contact force increases by 14.18 percent and 
reaches to 1010 Nm. With the continuing increase of impact 
energy to 50 and 60 joules, which is referred to as penetration 
threshold, the contact force between the projectile and sample 
increases by 5.093 percent that will be 11100 and 11321 New-
ton respectively. With increasing impact energy to 80 joules, 
which is perforation threshold, contact force increases by 2.37 
percent and reaches 12038 Newton. Maximum deflection val-
ues for different energy levels are compared in table 1 

 
TABLE 1 

THE MAXIMUM AMOUNT OF CONTACT FORCE AND MAXIMUM DE-
FLECTIONS AT DIFFERENT ENERGY LEVELS 

 
80 60 50 30 20 Impact energy 

(joules) 
12038 11321 11100 10010 8040 Maximum con-

tact force (new-
ton) 

 

5. CONCLUSION 
In this article, low-speed impact behavior of the epoxy ma-

trix composites reinforced with glass fibers was studied exper-
imentally. The amount of energy required for the perforation 
to perform impact testing using energy profile method is 80 
joules. According to the results, with increasing impact energy 
the maximum contact force increased. Also with increasing 
impact energy, the deflection amount and the amount of ab-
sorbed energy by the sample increase during the process of 
impact testing. Therefore, the sample damages will increase. 
Due to occurring of rebounding mode during the impact tests 
with lower amounts of impact energy than required for pene-
tration threshold, the contact force curve according to the 
samples’ deflections will be close. With increasing impact en-
ergy to perforation threshold this curve changes form close 
mode to open mode 
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