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This study investigated the mechanical performance of short aramid fiber on polypropylene, polyethylene, polyamide 6,
and polyamide 12. Extrusion, press molding, and CNC cutting methods were used in the production of composite samples.
Tensile, three-point bending, drop weight and hardness tests of the composites were carried out. As the fiber volume fractions
increased, the mechanical properties of the composites improved, but the most efficient fiber fractions for each matrix changed.
To analyze the performance of the fibers in the matrix on the composites, scanning electron microscope (SEM) images of
the fractured surfaces as a result of tensile and drop weight tests were examined. As the fiber volume fractions increased, the
fiber deformation increased, and as a result, the mechanical performance of the composites was adversely affected. Analysis
of variance (ANOVA) and F test were performed using signal/noise values to analyze in detail the effect of experimental
parameters on output values. Finally, the results of a regression equation model were compared with the experimental readings.
It was found to be in good agreement with the model and the results of the experiment.
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1. Introduction
Composites consist of a continuous phase (ma-

trix) and inclusions of dispersed fibers. The fibers
provide the strength of the material, while the
matrix helps maintain the shape of the part. The
matrix-fiber interface is crucial for transferring the
load from the matrix to the fiber [1]. Compos-
ites, considered advanced engineering materials,
are used in various industries such as aerospace,
defense, construction, and automotive [2]. Thanks
to the fibers, the properties of composite materials
such as rigidity, high strength, and fracture tough-
ness improve [3].

Aramid fibers have excellent impact resistance
and are widely used in bulletproof vests, armored
tanks, and other military applications [4]. Com-
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pared to the properties of inorganic reinforcing
fibers such as glass and carbon fibers, aramid fibers
have high hardness, strength, and low density,
which provide a significant advantage [5]. Aramid
fibers have low layer thickness and high flexibility
compared to alternative fibers. Basically, they are
widely used in applications such as ballistic appli-
cations, helicopter propellers, and outdoor materi-
als [6]. Shortfiber-reinforced composites are com-
monly used in the automobile and defense industry
because of their low production cost, high produc-
tion speed, high strength, hardness, and impact re-
sistance [7].

Chopped aramid fiber is preferred as a rein-
forcement element to the rubber matrix because of
its high modulus of elasticity and fatigue and supe-
rior thermal and corrosion performance [8]. Gao et
al. analyzed the mechanical properties of chopped
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aramid-fiber-reinforced rubber composites (AFRC)
by numerical and experimental methods [9]. A fi-
nite element model was developed for the esti-
mation of the mechanical properties of the exper-
imental data. Arroyo and Bell analyzed the me-
chanical behavior of short aramid-fiber-reinforced
polypropylene and ethylene-propylene-diene com-
posites. They concluded that the most optimal
design is 20% aramid-fiber-reinforced polypropy-
lene [10].

Similarly, Sarasini et al. observed that the
hybrid effect of aramid and basalt fibers posi-
tively affects the impact properties [11]. Shibulal
and Naskar investigated the effect of two struc-
turally different short aramid fibers (Technora and
Twaron) on thermoplastic polyurethane’s mechan-
ical and thermal properties [12]. Young’s modulus
of Technora-polyurethane was three times higher
than that of Twaron-polyurethane. In addition, a
brittle fracture was observed in both composites
during the tensile test [13]. Bazan et al. produced
biocomposite samples using biobased polyamide
and two different types of fibers (aramid and
basalt). They found that the reinforcement of the
fibers increased the hardness and strength proper-
ties and caused an increase in the dissipation of me-
chanical energy. The addition of 10% short aramid
fiber increased the tensile strength by about 15%
[14]. In another study, the mechanical properties
of polyurethane composites were reinforced with
two types of short aramid fibers, m-aramid (Teijin-
Conex) and copoly(p-aramid) (Technora), were in-
vestigated. Although both fibers did not have any
surface treatment, it effectively increased the me-
chanical properties of polyurethane [15].

The focus of this article is to analyze in detail
the mechanical effect of chopped (short) aramid
fiber (AF) on polypropylene (PP), polyethylene
(PE), polyamide 6 (PA6), and polyamide 12 (PA12)
matrix composites. In this context, statistical anal-
ysis was performed to analyze the parameters af-
fecting the results of the tests. Finally, a regres-
sion equation model was developed based on ex-
perimental data.

2. Materials and methods
2.1. Material and production method

In experimental studies, PP, PE, PA6, and
PA12 were used as matrix materials, and aramid
(Twaron) fibers were used as reinforcement ma-
terials. 6-mm length chopped fiber was used in
the composites. Fiber volume fractions were deter-
mined as 10%, 20%, and 30%. Mechanical prop-
erties of matrix and fiber material were taken from
catalog values (Table 1). Preparation of test sam-
ples and all related tests were carried out in Bursa
Technology Coordination and R&D Center (Bursa,
Turkey).

Siva et al. used extrusion and injection meth-
ods to prepare poly(lactic acid) (PLA) matrix com-
posites. The mechanical performance of the sam-
ples prepared using the extrusion method was 17%
better than those prepared by injection. The twin
screw extruder’s high-intensity mixing results in a
decrease in the composite material’s void content
[16].

Therefore, in our study, a twin-screw extruder
(Polmak Plastik 22-mm Lab type research ex-
truder) was used to produce composites. The tem-
perature for the five zones in the extruder were
determined using the literature and the product
catalog of the materials (195◦C–215◦C–225◦C–
225◦C–240◦C and 30 rpm for PP; 170◦C–195◦C–
220◦C–220◦C–230◦C for PE and 30 rpm; 240◦C–
240◦C–250◦C–260◦C–285◦C for PA6 and 30 rpm;
190◦C–200◦C–210◦C–220◦C–230◦C for PA12 and
30 rpm) [17, 18]. Afterward, the composites com-
ing out of the extruder as filaments were then gran-
ulated with a cutter. These granules were converted

Fig. 1. Press molding production parameters
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Table 1. Mechanical properties of materials

Materials Density
(kg/m3)

Tensile Strength
(MPa)

Elastic Modulus
(GPa)

Types Producers

PP 0.9 38 1.2 EH251 Petkim
PE 0.95 24 1 High density, B00552 Petkim
PA6 1.13 85 2 F223-D Akulon
PA12 1.02 60 1.5 AMN Black T6LD Arkema Rilsamid
AF 1.44 2800 60 Short-cut fiber Twaron

into composite plates with 500 mm × 500 mm di-
mensions by the press molding method. The press
molding process was carried out in three stages, as
shown in Figure 1. It was held for 120 s in the first
stage, 180 s in the second stage, and 60 s in the
third stage, and 4-mm thick plates were formed.
The test samples were prepared by cutting the rel-
evant plates into standard sizes with a CNC ma-
chine.

2.2. Mechanical testing
This section conducted tensile, bending, drop

weight, and shore D hardness tests. Five specimens
were prepared and tested for each test. The ten-
sile test was carried out on the Besmak-BMT 100E
brand Universal tensile tester. The samples for the
tensile test were prepared according to TS EN ISO
527-2 type 2 standards. The tensile speed was set to
2 mm/min, and the pre-stress value was set to 10 N.
The tests were carried out at a temperature of 21◦C.
The fractured surfaces of the samples with 30 vol%
aramid fiber content as a result of the tensile test
were examined with a Hitachi TM3000 brand scan-
ning electron microscope (SEM).

According to the Kelly-Tyson model (Equa-
tion 1) and the tensile test results, the fiber per-
formance of aramid fiber on matrix materials was
calculated [19, 20].

σ c = λ f σ fVf +σm (1−Vf ) (1)

where σc, σ f , and σm are the tensile strengths of
the composite (Figure 2), reinforcement, and ma-
trix, respectively (Table 1). V f is the fiber volume
content of the composite, and λ f is the fiber effi-
ciency factor.

Flexural strength refers to the maximum stress
a material can withstand before it fails or breaks

when subjected to a bending or flexing force. The
three-point bending test was performed on a Shi-
madzu brand tester. Five tests were performed for
each parameter. Test samples were prepared ac-
cording to TS EN ISO 178-3 standards. The dis-
tance between the supports is 64 mm, the test speed
is 2 mm/min, and the test ambient temperature is
21◦C.

The sudden applied load a specimen can absorb
before breaking is called impact strength. The us-
age of natural fiber-reinforced composites is rela-
tively low because of the reduced mechanical prop-
erties and because their use significantly impacts
strength. Drop-weight tests were performed in In-
stron/Ceast 9340 impact tester. The samples were
prepared for drop-weight impact tests according to
TS EN ISO 6603 standards. Also, the ambient tem-
perature was adjusted to 21◦C. Fractured surface
images of 30 vol% aramid fiber content samples
were inspected with Hitachi TM3000 SEM.

The hardness of the composites was measured
according to the shore D scale. For the tests, a
Hildebrand hardness-measuring device was used.
The hardness test samples were prepared accord-
ing to TS EN ISO 868 standards, and the ambient
temperature was set to 21◦C.

2.3. Experimental design and ANOVA
analysis

In our study, it is necessary to determine the
experimental factors and levels to interpret the in-
put variables’ effect on the output values. The ex-
perimental design matrix (Table 3) was created by
changing the parameters specified in Table 2 [21].

Signal value (S) represents the actual value
given by the system and is intended to be measured.
The noise factor (N) represents the share of unde-
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Table 2. Experiment factors and levels

Factors 1. Level 2. Level 3. Level 4. Level
A- Matrix

Type
PP PE PA6 PA12

B- Fiber
volume
fraction

%

0* 10 20 30

*None and 0 represent the same levels

Table 3. Experimental design

Experiment
No.

A-Matrix
Type

B-Fiber volume
fraction %

1 1 1
2 2 1
3 3 1
4 4 1
5 1 2
6 1 3
7 1 4
8 2 2
9 2 3

10 2 4
11 3 2
12 3 3
13 3 4
14 4 2
15 4 3
16 4 4

sired factors in the measured value. According to
this approach, the following equation (2) is used to
calculate the S/N ratio [22].

S
N

=−10log10

⌈
1
n

n

∑
i=1

1
yi

2

⌉
(2)

where y is the measurement value, and n is the
number of experiments.

The analysis of variance reveals how much the
factors investigated influence the output value used
to gauge the quality and what effects different lev-
els have. Furthermore, the statistical reliability of
the results obtained was examined. For this pur-
pose, firstly, the SST value (sum of total squares),
which represents the overall variability of the sig-
nal/noise (S/N) ratio, is calculated according to

equation (3) [23].

SST =
n

∑
i=1

(ηi −ηm)
2 (3)

where ηi is the signal-to-noise ratio calculated over
the measured value, ηm is the average of the cal-
culated signal-to-noise ratios over the measured
value, and n is the total number of experiments
[24]. The SST value is the sum of the squares of
the two factors of SSA (sum of squares of factor A)
and SSB (sum of squares of factor B), and the SSE

value is the sum of the squares of the margin of
error. The sum of each factor’s squares was calcu-
lated separately using equation (4).

SS j =
k j

∑
i=1

[
n jix(η ji −ηm)

2
]
, j = A or B (4)

where k j represents the number of levels of the A
or B factor, n ji is the number of experiments at the
i level of the A or B factor, η ji the S/N ratio of the
A or B factor at the i level, and ηm the average S/N
ratio [24].

For the next step, the F-Test is performed by
calculating equation (5) to present how much each
experimental factor affects the test results.

F =

SS j
k−1
SSE

N −k

(5)

where k-1 is the degree of freedom numerator by
subtracting one from the number of groups, N −
k is the degree of freedom for the denominator,
which is determined by, N subtracting the num-
ber of groups from the number of observations in
all groups [25].

3. Results and discussion
3.1. Tensile properties and fractography

It was observed (Figure 2) that the tensile
strength of all composite materials increased as the
fiber volume fraction increased, so the highest val-
ues for tensile strength were obtained at the 30
vol% level of fiber fraction reinforcement materi-
als.
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Fig. 2. Tensile test results of composites

Fig. 3. Fiber efficiency factor in composites

The following is a summary of the test results:
(1) It was observed that the highest enhancement
for each composite was obtained for 30 vol% rein-
forcement cases; l (2) 30 vol% AF increased the
tensile strength of PP 2.4 times and increased it
from 38 MPa to 72.2 MPa; (3) 30 vol% AF in-
creased the tensile strength of PE 2.6 times and in-
creased it from 19 MPa to 49.5 MPa; (4) 30 vol%
AF increased the tensile strength of PA6 1.9 times
and increased it from 85 MPa to 175 MPa, (5) 30
vol% AF increased the tensile strength of PA12
1.85 times and increased it from 60 MPa to 110.1
MPa. The increase in tensile strength is approxi-
mately linear with the increase in fiber content, and
for all composites, the increase in strength is ap-
proximately twice that at 30% AF content.

When the results of the tensile tests were exam-
ined, it was seen that the fiber fraction directly con-
tributed to the mechanical properties of the com-
posite. With the increase in fiber fraction, however,

the effect of fiber on the composite decreased (Fig-
ure 3). It was observed that the deformation be-
tween matrix and fiber increased with increasing
fiber fraction [26].

According to the results of the tensile tests, the
performance of aramid fiber on four matrices was
examined, and the highest performance was seen
in the composites made with PP and PE. It in-
creased PP 2.1 times and PE 2.6 times. The ba-
sis of a good matrix and fiber compatibility is the
creation of a good interface [27]. This means that
the surface energy of the matrix material should be
low, and the surface energy of the fiber should be
high [28]. Molecules in a low-surface-energy liq-
uid are not strongly attracted to each other; instead,
they tend to spread and adhere to the surface, so
a high-free-energy liquid will not bind to the fiber
surface [29]. To form a good bond, the matrix sur-
face energy must be low [30]. Because the surface
energy of the PE and PP matrix is lower than the
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other matrices [31, 32], the PE and PP matrix com-
posites performed better than the others. Likewise,
because the surface energies of PA6 and PA12 are
close, the performance of aramid fiber on these ma-
trices is almost equal. The surface energy proper-
ties of polymers and aramid fiber are given in Ta-
ble 4. These values differ slightly in the literature,
but the surface energy order is the same in all of
them. The lowest values are for PP and PE, then
the next higher is for PA12, and the highest is for
PA6.

Table 4. Surface energies of polymers and aramid fiber

Materials Surface Energy
(mN/m)

References

PP 30–31 [33–36]
PE 30–31 [33–36]
PA6 38 [33, 35]
PA12 36 [33, 35, 36]
AF 51 [37, 38]

When the fiber efficiency factor-fiber fraction
curve indicated in Figure 3 is examined, the fiber
efficiency varied with the increase in the fiber frac-
tion. Fu et al. examined the effect of 8%, 16%, and
25% fiber (by weight) on the PP matrix. As the fiber
fraction increased, the tensile strength of the com-
posite decreased. They explained it as follows: As
the fiber fraction increases, the fiber-fiber interac-
tion in the extruder increases during the composite
production. As a result, it has been stated that lo-
cal deformations occur in the fiber and matrix. As
a result, they concluded that the effect of the fiber
on the matrix was reduced [19]. The same result is
valid in our study. Especially when looking at PP
and PE matrices, the fiber efficiency performance
decreased as the fiber fraction increased. Figure 4
shows surface SEM images of samples reinforced
with 30 vol.% AF. When these images were ex-
amined, local deformations were observed in PP +
30 vol% AF and PE + 30 vol% AF samples. How-
ever, it was observed that this situation was slightly
different in PA12. In PA12, the yield of the fiber
evolved into a horizontal line at 20–30% AF con-
tribution. This shows us that the ideal fiber frac-
tion for PA12 is 20–30% by volume AF. The per-
fect fiber fraction for PA6 is 20 vol% AF, and when

this fiber fraction is exceeded, fiber efficiency de-
creases. In addition, this change in fiber yield is
also due to the non-homogeneous distribution of
the fiber in the matrix [39]. Wang et al. (2008) in-
vestigated the effect of fiber distribution on the me-
chanical properties of carbon fiber reinforced com-
posites (CFRC) samples and concluded that the in-
homogeneity of fiber distribution negatively affects
the strength of composites. One reason for the de-
crease in fiber yield in AF-reinforced PP and PE is
interpreted as the deterioration of homogeneity as
this fiber content increases [40].

Figure 5 shows the SEM images of the frac-
tured surfaces as a result of the tensile test of 30
vol% AF-reinforced composites. When SEM mi-
crographs were examined, it was determined that
the damage mechanism in composite materials oc-
curred in three stages. It was observed that (1) mi-
crocracks formed in the matrix, (2) separation be-
tween the fiber and the matrix, and (3) separation
at the interface and breaking of the fibers caused
damage [41].

For a good quality adhesion between the fiber
and the matrix to occur, the matrix must be able to
wet the fiber well [42]. This means that the matrix
will completely cover the rough surface of the fiber
and will absorb all the air. Pull-out damage will
occur in the composites if there is no good wet-
ting between the matrix and the fiber [29]. When
Figure 5 is examined, the damage mechanisms in
the composite material are explained as follows:
(1) It is seen that there is a pull-out in the fibers
in places. This is due to the lack of a good quality
adhesion between the fiber and the matrix. As a re-
sult, it means that in these parts, the fiber cannot ad-
equately bear the load. (2) Dark circles around the
fibers indicate local deformations. (3) It has been
observed that with the increase of fiber content,
bending and crossing occur in the fibers. This has
negatively affected fiber performance. (4) As men-
tioned above, with the increase of fiber fraction,
fiber-fiber interaction in the extruder increases, and
local deformations occur in the fibers. As seen in
the SEM images, the fibers were damaged. There-
fore, fiber performance has decreased [43].
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Fig. 4. SEM images of 30 vol% AF reinforced composite surfaces: (a) PP matrix, (b) PE matrix, (c) PA6 matrix,
(d) PA12 matrix

Fig. 5. SEM images of fractured surfaces of 30 vol% AF-reinforced composites (a) PP matrix, (b) PE matrix, (c)
PA6 matrix, (d) PA12 matrix
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Fig. 6. Three-point bending test results of the composites

Fig. 7. Drop weight impact test results of the composites

3.2. Three-point bending properties

Figure 6 shows the results of the three-point
bending test. It was observed that the bending stress
values of PA6 matrix composites with high strength
values are higher than PP, PE, and PA12 matrix
composites with low strength values. In addition,
as the fiber fraction increased, the bending stress
increased [44, 45].

The following is a summary of the test results:
(1) It was observed that the highest enhancement
for each composite was obtained for 30 vol% AF
reinforcement cases, (2) 30 vol% AF reinforcement
increased the flexural strength of PP approximately
1.7 times by enhancing it from 32 MPa to 53.8
MPa, (3) 30 vol% AF reinforcement increased the
flexural strength of PE 1.3 times by enhancing it
from 27 MPa to 35.57 MPa, (4) 30 vol% AF re-
inforcement increased the flexural strength of PA6

1.4 times by enhancing it from 81 MPa to 110
MPa and (5) 30 vol% AF reinforcement the flexu-
ral strength of PA12 1.4 times by enhancing it from
70 MPa to 100 MPa.

3.3. Drop weight properties and fractog-
raphy

The test results are shown in Figure 7, and it
was observed that the force (based on the highest
contacting forces) increased as the increasing fiber
ratios increased.

The following is a summary of the test results:
(1) It was observed that the highest enhancement
for each composite was obtained for 30 vol% AF
reinforcement cases; (2) 30 vol% AF reinforce-
ment increased the impact resistance of PP approx-
imately two times by enhancing it from 581 N to
1149 N; (3) 30 vol% AF reinforcement increased
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Fig. 8. SEM images of fractured surfaces of 30% AF reinforced composites (a) PP matrix, (b) PE matrix, (c) PA6
matrix, (d) PA12 matrix

the impact resistance of PE 1.9 times by enhanc-
ing it from 698 N to 1274 N; (4) 30 vol% AF re-
inforcement increased the impact resistance of PA6
1.5 times by enhancing it from 1189 N to 1750 N;
and (5) 30 vol% AF reinforcement increased the
impact resistance of PA12 1.4 times by enhancing
it from 752.7 N to 1059 N.

When the test results were examined, aramid
fiber showed the highest effect on the PP matrix.
When we look at the other test results, the main rea-
son for this high fiber-matrix compatibility of PE is
that the surface energy of the PE matrix is lower
than other polymer matrices.

In Figure 8, SEM images of fracture surfaces
as a result of the drop weight test of 30 vol% AF-
reinforced composites are given. All fibers were
found to break brittle. The response of composite
materials to impact is very complex. Under impact
loading, the impactor has invisible or poorly de-
tectable damage modes. Low-velocity impacts may
not cause visible damage. Impact damages caused
by the impact of composites are matrix crack-
ing, delamination, and fiber damage. The damage,

which starts with matrix cracking in low-speed im-
pacts, causes delamination, and the fiber damage
occurred because of the impact energy applied to
the composite and continued to increase. It was ob-
served that the impactor stuck in the sample and
pierced the sample [46].

Pull-out is seen in composites. When the sur-
face of the fibers is examined, it is seen that the sur-
face is not covered with polymeric matrix, and the
surface is clean. This indicates poor interfacial ad-
hesion between the fiber and the matrix. Dark cir-
cles around the fibers indicate local deformation in
the matrix around the fibers.

When the fracture surface of 30 vol% AF-
reinforced composites in Figure 8 (ABC) was ex-
amined, it was seen that the fibers were clean. This
showed that the fiber-matrix interface adhesion per-
formance was not good.

When the fracture surfaces of the 30 vol%, AF-
reinforced PA12 composites in Figure 8 (d) were
examined, bending and crossing were observed in
the fibers with increased fiber content. This ad-
versely affected fiber performance [47].
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Fig. 9. Hardness test results of the composites

Table 5. S/N ratios of experimental results

Experiment
No

Tensile
strength
(MPa)

S/N Flexural
strength
(MPa)

S/N Maximum
force in drop

weight (N)

S/N Hardness
Shore D

S/N

1 38 31.60 32 30.10 580.46 55.28 65 36.26
2 19 25.58 27 28.63 672.48 56.55 50 33.98
3 85 38.59 81 38.17 1189.23 61.51 70 36.90
4 60 35.56 70 36.90 752.70 57.53 62 35.85
5 54.39 34.71 41.98 32.46 698.43 56.88 69 36.76
6 63.07 36.00 46.58 33.36 738.55 57.37 71 36.96
7 72.16 37.17 53.79 34.61 1149.10 61.21 72 37.19
8 36.97 31.36 30.02 29.55 941.47 59.48 59 35.34
9 42.33 32.53 32.55 30.25 1111.40 60.92 59 35.36

10 49.48 33.89 35.57 31.02 1274.20 62.10 59 35.43
11 103.18 40.27 84.65 38.55 1356.80 62.65 74 37.34
12 153.27 43.71 98.3 39.85 1451.10 63.23 74 37.41
13 174.90 44.86 109.3 40.77 1750.80 64.86 74 37.42
14 69.90 36.89 76.47 37.67 957.99 59.63 69 36.75
15 85.73 38.66 91.15 39.20 976.86 59.80 71 36.99
16 110.60 40.88 100.1 40.01 1059.40 60.50 71 37.06

The following is a summary of the test results:
(1) when the SEM images of the fracture of 30
vol% fiber-reinforced composites were examined,
it was seen that there was a brittle fracture in the
fibers; (2) it was observed that the impactor stuck
in the sample and pierced the sample; (3) pull-out
was observed in composites; (4) it was observed
from the surface of the fibers that the surface was
not covered with polymeric matrix, and the surface
was clean, which indicated poor interfacial adhe-
sion between the fiber and the matrix; (5) dark cir-
cles around the fibers indicate local deformation in
the matrix around the fibers [48].

3.4. Hardness properties

The hardness test results are given in Figure 9. It
was seen that the hardness values of the composites
increased by the increment of fiber volume frac-
tion, and the highest hardness value was obtained
in aramid-fiber-reinforced PA6. This increment in
the hardness of the composites can be explained as
when the pressure is applied to the material, resis-
tance occurs by the pressing matrix and fiber to-
gether. Because of this behavior, bonding happens
between the fiber and the matrix, transfers the load
to the interface more effectively, and strengthens
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Fig. 10. (a) S/N ratios for tensile strength, (b) S/N ratio for flexural strength, (c) S/N ratio for dropped weight, (d)
S/N ratio for hardness-shore D

the stiffness of the composite [49, 50]. With the
fiber content growing, the number of attachment
points increases, and the skeleton structure, as a
whole, develops the material’s ability to resist ex-
ternal pressure by inhibiting the movement of the

composite [51, 52]. Impact of AF on hardness is
significant only up to 10% of AF content, then it is
negligible, especially for PE and PA.
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Table 6. Results of ANOVA

For Tensile Test
S/N ratio: 35.75 Average S/N Values

Degrees of
Freedom

Level
1

Level
2

Level
3

Level
4

Sum of
Squares

Variance F Content of
Contribution

(%)
A- Matrıx Type 3 34.87 30.84 41.86 38.00 262.44 87.48 84.77 73.68
B- Fiber volume fraction % 3 32.83 35.81 37.73 39.20 90.67 30.22 29.29 25.45
Error
Total

8
14

8.26
361.36

1.03
118.73

0.87

For Three-Point Bend Test
S/N ratio: 35.07 Average S/N Values

Degrees of
Freedom

Level
1

Level
2

Level
3

Level
4

Sum of
Squares

Variance F Content of
Contribution

(%)
A- Matrıx Type 3 32.64 29.86 39.34 38.44 250.54 83.51 346.5 91.56
B- Fiber volume fraction % 3 33.45 34.56 35.67 36.60 22.38 7.46 30.94 8.18
Error
Total

8
14

1.93
274.84

0.24
91.21

0.26

For Drop Weight Test
S/N ratio: 59.97 Average S/N Values

Degrees of
Freedom

Level
1

Level
2

Level
3

Level
4

Sum of
Squares

Variance F Content of
Contribution

(%)
A- Matrıx Type 3 57.68 59.76 63.06 59.36 60.84 20.28 25.47 58.62
B- Fiber volume fraction % 3 57.72 59.66 60.33 62.17 40.56 13.52 16.98 39.08
Error
Total

8
14

6.37
107.77

0.80
34.60

2.30

Hardness Test
S/N ratio: 36.44 Average S/N Values

Degrees of
Freedom

Level
1

Level
2

Level
3

Level
4

Sum of
Squares

Variance F Content of
Contribution

(%)
A- Matrıx Type 3 36.80 35.03 37.27 36.66 11.41 3.80 73.58 80.25
B- Fiber volume fraction % 3 35.75 36.55 36.68 36.78 2.65 0.88 17.11 18.66
Error
Total

8
14

0.41
14.48

0.05
4.74

1.09

3.5. Analysis of experimental results
Table 5 shows the test results’ signal/noise

(S/N) ratios.
After determining the S/N values, the effect of

each parameter on the output needs to be analyzed.
Therefore, the average of the S/N ratios specified in
Table 4 was calculated separately for each level of
each parameter. The best experimental result gives
the highest S/N ratio. It is shown graphically in Fig-
ure 10.

When the S/N ratios of all tests were exam-
ined, the mechanical properties of the composites
increased as the fiber content increased. It has been

observed, however, that the effect of fiber is re-
duced. This effect can be explained as follows: The
recudtion is due to the increase in the deforma-
tion energy of the composite with the increase of
the fiber fraction and the weakening of the bond
strength between the matrix and the fiber. Consid-
ering the matrix parameters, the highest effect was
observed in the composites made with PA6. How-
ever, this is mainly because PA6 has the highest
level of mechanical properties among the matrices
[53].

ANOVA analysis was performed to understand
at what level the independent variables affected the
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Table 7. Regression equations for predicting the mechanical properties of composites

Property Regression Conditions Regression Equation
W (Fiber volume

fraction)
P (Strength
parameter)

Tensile W1=1, W2=2,
W3=3, W4=4

P1=19, P2=38, P3=85,
P4=60

y(W,P) = 1.129898 ·W 0.5408653 ·P0.9532715

Three-point
bending

W1=1, W2=2,
W3=3, W4=4

P1=32, P2=27, P3=81,
P4=70

y(W,P) = 1.408406 ·W 0.2568704 ·P0.9089538

Drop weight W1=1, W2=2,
W3=3, W4=4

P1=580.46, P2=672.48,
P3=1189.23, P4=752.70

y(W,P) = 4.797744 ·W 0.3307587 ·P0.7647516

Hardness W1=1, W2=2,
W3=3, W4=4

P1=65, P2=50, P3=70,
P4=62

y(W,P) = 2.814354 ·W 0.0798804 ·P0.7526531

Fig. 11. Scatter diagrams for assessing the generated regression equations for mechanical properties of composites

experimental outcomes. It is shown in detail in Ta-
ble 6. The calculated F-values were compared with
the F0.05;3;8 (4.06) value specified in the F-critical
distribution (0.05) table. When we look at the F val-
ues we calculated, it is seen that it provides a 95%
confidence level [54].

3.6. Regression analysis

This section has developed regression equations
to measure the relationship between input and out-
put parameters. The equation constants are ob-
tained by the nonlinear multivariable optimization
method. In the equations, the fiber volume fraction

(W) and strength parameter (P) were measured for
the pure polymer without the addition of fiber, and
these values were defined as independent variables
(y(W,P), which equal the mechanical properties of
the composites. The general representation of the
proposed regression equation is shown as follows:

Nonlinear equation (NLE):

y(W,P) = α0 ·W α1 ·Pα2 (6)

where y is the equation predicted outcomes and α0,
α1, α2 are the equation coefficients (determined by
the data-fitting process) [55]. The equation con-
stants above are found by performing regression
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analysis, which is shown in Table 6, for mechan-
ical properties of tensile, three-point bending, drop
weight, and hardness. In the study of the equations,
W and P are both considered as 4 levels [23]. For
W, the levels are described as W1 = 1 (0 vol% AF),
W2 = 2 (10 vol% AF), W3 = 3 (20 vol% AF), and
W4 = 4 (30 vol% AF). On the other hand, the vari-
ous types of matrix used in this study are assigned
at different levels to obtain more accurate equa-
tions for the mechanical properties of the compos-
ites (Table 7).

The comparative assessments’ results between
the experimental and model predicted values are
shown in Figure 11. The assessment is performed
for tensile, three-point bending, drop weight, and
hardness by taking into account the error between
the experimental values and the regression equa-
tion model predicted values. The predicted error
percentage between predicted and measured output
values at the same W and P values is calculated.

The regression coefficient (R) for the applica-
bility of the model to the mechanical properties of
composites was found to be higher than 0.95. The
regression coefficient (R) for the applicability of
the model to the mechanical properties of compos-
ites was found to be higher than 0.95. The error rate
was at most 8%. These values are acceptable as the
combined parameters are used together [52–56].

These results show that the estimations of the
regression models obtained (although they have a
nonlinear structure) against the experimental val-
ues are very close and at acceptable levels [56].
These errors are due to the smallness of the ex-
perimental data set and also because too many pa-
rameters were evaluated together. An equation has
been established by combining very different fac-
tors with the variable parameters of the fiber and
matrix type and their contribution rates. Therefore,
these errors can be tolerated [57].

4. Conclusions
Our study reinforced short aramid fibers in PP,

PE, PA6, and PA12 matrices. The mechanical per-
formance of the composites was affected by the
content of aramid fiber, matrix-fiber-interfacial ad-
hesion performance, matrix type, fiber/matrix vol-

ume ratio, and homogeneous distribution of fiber in
the matrix.

Figure 3 shows that the fiber yield decreases at
the transition from 20% to 30% in PA6, and there is
a decreasing increase in PA12 at the transition from
20% to 30%. The fiber efficiency decreased as the
fiber content increased in the matrix/fiber fraction.
The main reason is local deformations in the fibers
due to fiber-fiber interaction.

Aramid fiber showed the highest effect on the
PE and PP matrices in all tests. This result is related
to the PE and PP matrices having lower surface en-
ergy than the other matrices.

As shown in Figure 3, the most optimal volume
percent ratio of aramid fiber according to the matri-
ces was also investigated. It was found to be 10%
by volume for PP, 10% by volume for PE, 20% by
volume for PA6, and 30% by volume for PA12.
After these values, the fiber yield in the compos-
ite tends to decrease. AF was generally found to
strengthen the polymers tested well.

Looking at the ANOVA analysis results; The
matrix type affected the composites by 74% in the
tensile test, 92% in the three-point bending test,
59% in the drop weight test, and 80% in the hard-
ness test; and it was found to be the most influential
parameter.

Finally, a nonlinear regression equation related
to the experimental results was developed. Looking
at the error results, it was seen that the accuracy
rate was above 90%, and it was concluded that it
was good enough to be correlated with the exper-
imental results of aramid-fiber-reinforced polymer
composites.
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