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Abstract — Composite materials are widely used in many industries due to their basic properties such as
high strength, high rigidity, and lightness. However, composites with desired properties differ in each
sector. Fiber reinforcement and matrix selection vary depending on application requirements. Composites
consisting of reinforcement and matrix elements are classified according to these elements. Chopped fiber
reinforced composites, which are included in the classification depending on the reinforcement element,
have a wide range of applications. Apart from lightness, it has many advantages, such as high strength, high
rigidity, low thermal conductivity, corrosion resistance, and ease of production. Their lower cost of
production compared to other composites makes them attractive. It is very important to make various
characterizations of these composites in order to improve their properties and expand their use in the places
where they are used. Researchers have done many studies on this subject. In this article, a review of the
studies is presented. Various mechanical and thermal tests and their results were examined. Different
internal structure observations are handled with analysis methods. In addition, the application of chopped
fiber reinforced composites is detailed. Suggestions were made for the problems limiting the use of these
materials.
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I. INTRODUCTION for mass production. Therefore, they are an

Great efforts have been made to design and use alternati_ve to continuous fiber rei_nforced
lightweight structures in order to use energy _composnes [5]_. Jat_:ob et al._have _shown_appllcatlons
effectively in various sectors [1-5]. Especially inthe N the automotive industry in their studies [1-2].
automotive and aviation sectors, lightness is
important in terms of energy savings. In these ) . )
sectors, continuous fiber reinforced composites are This  study summarizes the production,
generally used. However, these composites are characterization, and possible applications of
costly, difficult to process, and time consuming to  ¢hopped fiber modified composites. The importance
manufacture. Chopped fiber reinforced composites, ©f the effect of these composites with various
on the other hand. are both low in cost and suitable ~ Mixture designs in applications is briefly examined
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with various test techniques in terms of mechanical
durability and functionality. Since the examinations
include many examples in terms of usage
prevalence, they include polymer matrix composites
rather than metal and ceramic matrix composites.
Various studies are being reviewed for processes
considered to improve the properties of chopped
fibers. The findings of the literature study point to
the potential use of chopped fiber reinforced
composites.

A. Chopped fibers

Fibers are examined in two groups as natural and
synthetic. Fibers such as glass, carbon, and aramid,
which are widely used, are in the synthetic group,
while fibers such as banana, hemp, sisal, linen, and
jute are in the natural group. Although current
applications are for examining a single fiber type,
the use of hybrid fiber is also becoming widespread.
There are continuous and discontinuous uses of
synthetic fibers. The discontinuous form of chopped
synthetic fibers is shown in Figure 1.

“

Figure 1. Glass, carbon and aramid chopped fibers.

Glass fiber is the most widely used type in fiber
reinforced composites, especially in terms of cost.
Asseen in Table 1, there are types of glass fiber such
as A, C, D, and E. However, carbon fibers are
among the high-strength materials among all fibers.
For this reason, it is preferred in the aviation and
automotive sectors. Aramid fibers, on the other
hand, find a place, especially in the defense
industry, due to their high-speed impact resistance.

Table 1. The physical properties of glass fibers [6].

Classes of GFs Physical properties

Aglass High durability, strength and electrical resistivity
C glass High corrosion resistance

D glass Low dielectric constant

E glass Higher strength and electrical resistivity

AR glass Alkali resistance

R glass Higher strength and acid corrosion resistance
S glass Higher tensile strength

The dimensions of various production methods
for short fiber in discontinuous form are given in
Table 2. As can be seen from Table 2, a wide variety

of fiber lengths will be available, depending on the
type of material used and the method chosen to
bring it into its final shape [7].

Table 2. Typical size parameters for discontinuous short

fibers [7].

Material

Preprocessed fiber length
(mm)

Processed fiber length
(mm)

Polyester-epoxy-CSM
Polyester
Molding

compounds
Injection molding

SMC
BMC

50
7=
12

3

50
25

<4

<3

thermoplastics

B. Chopped fiber reinforced composites

Using small fibers that are randomly oriented and
distributed in a matrix material, chopped fiber
reinforced composites are one type of fiber-
reinforced composite. Chopped fiber modified
composites are combined with various matrix
elements. Matrix elements are also available as
polymers, metals, and ceramics. Epoxy, polyester,
and vinylester take the first place in polymer
matrices, which are the most widely used types.
Chopped fiber-reinforced thermoset composites are
suitable for production methods such as hand lay-up
and resin transfer molding [7]. E-glass fibers
embedded in polyester, which is the cheapest
combination, are the most widely used types [8-9].
The use of vinylester matrix has also become
widespread [10-11]. Short-fiber-reinforced polymer
composites exhibit anisotropy in their mechanical
characteristics, which is direction-dependent, as a
result of the partial orientation distribution of the
fibers in the final components [7].

C. Application of chopped fiber reinforced

composites

Automotive, aerospace, and sporting goods are
just a few of the industrial uses for chopped fiber
reinforced composites. Chopped fiber reinforced
composites are utilized in the automotive industry to
make body panels, bumpers, and spoilers because of
its high strength-to-weight ratio, solid impact
resistance, and affordable price. Due to their high
strength-to-weight ratio, rigidity, and superior
fatigue resistance, chopped fiber reinforced
composites are utilized in the aerospace sector to
produce elements including fuselage, wing
structures, and engine components. Due to their
superior qualities, including high rigidity, strength,
and shock absorption, chopped fiber reinforced
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composites are used to make components for sports
equipment like bicycle frames, golf club shafts, and
tennis rackets.

II. MATERIALS AND METHOD

In this study, composites with different polymer
matrixes reinforced with various synthetic chopped
fibers were investigated. For this purpose,
commonly used matrices such as epoxy, polyester,
vinylester, and fibers such as glass, carbon, and
aramid were investigated. Characterizations
(mechanical, thermal, etc.) were made in
accordance with various standards. An appropriate
standard was used for each test.

Cutting, mixing, compounding, and molding are
some of the phases in the processing of chopped
fiber reinforced composites. The mechanical
characteristics and performance of chopped fiber
reinforced composites are heavily influenced by the
fiber, polymer matrix, and manufacturing
conditions. Chopped fiber reinforced composites
have been produced using a variety of processing
techniques, such as hand layup, compression
molding, and injection molding. For tiny and
straightforward elements, the most popular
technique is hand layup. Using a brush, roller, or
spray gun, the resin is then placed over the chopped
fibers in the process. The fibers are initially laid out
randomly on a mold surface. The part is cured at
room temperature or in an oven following the
application of the resin. The process of compression
molding, which is frequently used for large and
complex items, involves pre-forming the fibers into
the mold cavity and then using pressure and heat to
consolidate the fibers and cure the resin.

And finally, the process of injection molding is
utilized to create parts in large quantities. This
procedure involves mixing chopped fibers with
resin before injecting the mixture into a mold, where
it is pressure-cured.

Figure 2 shows an example of mixing
reinforcement and matrix materials. In Figure 3, the
operation of the injection molding process and the
samples obtained as a result of this process are
given.

Hardener and Accelerator

“3 4
5\
S
Mixture of reinforcement and
matrix

Glass Fiber

1 Polyester+Hardener+Accelerator
(GF) / [

Figure 2. Production stages of the reinforcement and matrix
material mixtures [12].

Polyamide
N,

*]

Tensile Specimen

Flexural Specimen

Compression Specimen

Carbon Fiber Injection Moulding Process

Figure 3. General manufacturing procedure for specimens
[13].

I11. RESULTS AND DISCUSSION

The mechanical behavior of fiber-reinforced
composites varies depending on the fiber strength,
matrix strength, and interfacial adhesion strength
between fiber and matrix [14-15]. Evaluation of the
mechanical,  thermal, and  morphological
characteristics of chopped fiber reinforced
composites is necessary for their characterization.
Chopped fiber reinforced composites' mechanical
characteristics have been evaluated using a variety
of methods, including tensile and flexural testing,
impact tests, and hardness tests. The greatest stress
a material can sustain before failing under a tensile
load is determined using tensile tests. The greatest
stress a material can withstand before failing under
a bending load is determined via flexural tests. The
energy needed to shatter a material under an impact
load is measured via impact testing. In order to
determine a material's resistance to being indented,
hardness tests are utilized.  Microscopy,
thermogravimetric analysis (TGA), differential
scanning calorimetry (DSC), and dynamic
mechanical analysis (DMA) are other sophisticated
characterisation methods.
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For lightweight applications, Chen et al. [16]
looked into the production and characterisation of
chopped carbon fiber reinforced polypropylene
composites. They discovered that the mechanical
characteristics of the composites, such as tensile
strength and flexural modulus, were improved by
the addition of carbon fibers. The mechanical and
thermal characteristics of chopped glass fiber
reinforced  polypropylene  composites  were
investigated by Zhang et al. [17]. They noticed that
adding glass fibers improved the composites'
flexural strength and modulus but decreased their
impact strength. Chopped carbon fiber's impact on
the mechanical and thermal characteristics of
composites made of carbon fiber-reinforced
polyamide 6 was investigated by Ahn et al. [18].
They discovered that the tensile and flexural
properties of the composites were enhanced by the
inclusion of chopped carbon fibers. The production
and characterisation of chopped carbon fiber-
reinforced thermoplastic composites were reviewed
by Yang et al. [19]. They discovered that the fiber
length, orientation, and content had a significant
impact on the composites’ mechanical
characteristics. The impact of chopped carbon fiber
content on the mechanical characteristics of epoxy
resin composites was examined by Zhou et al. [20].
They discovered that while adding carbon fibers
improved the composites' tensile and flexural
capabilities, it had no impact on their impact
strength. Chopped fiber-reinforced composites have
been used for energy storage applications, according
to Zahid et al. [21]. They discovered that adding
chopped fibers to the polymer matrix improved the
composites' electrical conductivity and capacity for
energy storage. The mechanical characteristics of
chopped strand mat composites reinforced by
natural fibers were reviewed by Shivaee et al. [22].
They discovered that using natural fibers not only
reduced the mechanical qualities of the composites
but also lessened their impact on the environment.

IVv.CONCLUSION

Chopped fiber-reinforced composites are a
promising class of materials that offer several
advantages over continuous fiber-reinforced
composites. The processing, characterization, and
applications of chopped fiber reinforced composites
have been extensively investigated in recent years.
The wvarious methods used to produce these
composites are generally described. The

characterization techniques and results used in the
determination of mechanical properties such as
tensile, bending, and impact are examined. In
addition, various application areas, such as
automotive and aerospace, were investigated. More
research should be done to improve the performance
of these composites and optimize their properties.
New fiber and polymer types should be discovered
for this purpose.
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