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Abstract

In the present era, the importance of simulations pertaining to production is
increasing in terms of cost, human resources, and time. As the majority of
existing studies on polymer matrix composites are experimental, the develop-
ment of a modeling approach for these materials will address a significant gap
in the existing literature. In order to achieve this objective, the present study
investigates the factors influencing the modeling of carbon fiber-reinforced
PPS composites produced by the injection molding method with the Ansys
Material Designer tool. Composites containing 10% CF by weight were sub-
jected to a tensile test subsequent to production. Subsequently, the tensile
strength, elastic modulus, and tensile strain values obtained were then com-
pared with the values were compared with those obtained from the modeled
RVEs, with an examination of the various parameters in the Material Designer
tool. The requisite parameter values for the optimal model, exhibiting the clos-
est approximation to the experimental results, were derived from the modeled
RVEs. The findings of the study indicated that the mean strength of the sam-
ples produced was measured at 143.73 MPa. However, when the optimum
parameter conditions were met, this value was obtained at 141.48 MPa, with
an error of 1.56% in the RVE model. However, this error increased to 18.58%
in the elasticity modulus.

Highlights

« The mesh was found to have no significant impact on the outcomes.

« The number of additives in the RVE had a direct effect on the results.

« Changes in the fiber distribution demonstrated comparable outcomes.
« The most crucial parameter for accurately modeling is the RVE size.
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1 | INTRODUCTION

Polymers are currently employed in numerous
applications on their own, but there is a necessity for
reinforcement due to their inadequate mechanical prop-
erties. In response to this need, polymer matrix compos-
ites (PMC) that are reinforced with long fibers, short
fibers (whiskers), or particulates have been developed.'*
Polymer matrix composites are employed in a multitude
of industrial sectors on a regular basis. Polymer matrix
composites play a pivotal role in the development of
high-specific strength, corrosion-resistant materials that
are simultaneously tougher, lighter, and more func-
tional.>* Short fiber reinforced polymer composites
(SFRPCs) represent one of the most widely utilized cate-
gories of PMC, offering a straightforward manufacturing
process, the ability to produce intricate shapes and a ligh-
ter weight compared to numerous traditional materials.
Short fiber reinforced polymer composites have been
extensively employed in a multitude of engineering fields,
including medical components, the chemical industry,
automotive applications and aerospace engineering.’™
The choice of fibers used depends on the desired mechan-
ical or thermal service conditions, such as higher
strength, higher modulus of elasticity, insulation, thermal
conductivity or dimensional stability. Until recently, a
considerable amount of literature has been published on
the use of carbon fibers (CF), glass fibers (GF), boron
fibers (BoF), basalt fibers (BF), and so forth.>**°

The incorporation of carbon fiber into a polymer matrix
composite results in a multitude of enhanced material prop-
erties, including elevated strength and stiffness, reduced
weight, exceptional chemical resistance, electrical conduc-
tivity, thermal stability, and superior wear performance.''*°
In the context of recent advances in composite materials,
researchers have examined the effects of CFs on a range of
polymer matrices, including polyester resin,'” polyacryloni-
trile (PAN),"® epoxy resin*** polyamide (PA),*** polycar-
bonate (PC),*! polyacrylamide (PAM),> polypropylene
(PP),'*'*** polyisoprene (TPI),*>*® and acrylonitrile butadi-
ene styrene (ABS).”” Poly(phenylene sulfide) (PPS) is distin-
guished among all polymer matrices by a number of
exceptional properties, including a tensile strength of
approximately 70 MPa, a high melting temperature (Tm)
that enables the use of high service temperatures, high
flame resistance, and high dimensional stability.
Furthermore, it exhibits high corrosion resistance and
requires high temperatures for chemical solubility approxi-
mately 200 °C.'® These remarkable characteristics render it
an invaluable matrix for the production of PMC in a multi-
tude of applications. The diverse range of applications for
PPS includes aircraft parts, automotive parts, delicate com-
ponents, such as electric or electronic equipment, impellers,

valves, fasteners, and wear rings.”*** The extant research
on PPS-reinforced short CF has predominantly focused on
examining the mechanical, thermomechanical, or tribologi-
cal properties through experimental means. Furthermore, a
concise overview of the extant literature on this topic is pro-
vided below. Stoeffler et al. conducted a study on compos-
ites comprising a PPS matrix reinforced with recycled CFs
sourced from the aerospace industry. The researchers dem-
onstrated that it is feasible to evaluate the mechanical and
physical attributes of composites comprising virgin and
recycled CF.*® A further study conducted by Zhang demon-
strated that the use of a compatibilizer in CF-reinforced
PPS composites enhanced the compatibility between the CF
and PPS matrix. Although the compatibilizer had a slight
effect on the mechanical properties, the true impact was
attributable to the presence of CF.*! In a subsequent study,
the modified PPS was employed once more as a compatibi-
lizer in a CF reinforced PPS composite. The interfacial
bonding was found to have been enhanced by an optimal
amount of this type of compatibilizer.**

As previously stated, the research on PPS and short
CF reinforced composites is predominantly experimental
in nature. In this regard, experimental studies require a
substantial investment of time, resources and equipment.
Concurrently, the quality of the samples and the reliabil-
ity of the tests are contingent upon factors such as the
qualifications of the personnel involved and the produc-
tion conditions.*® At this juncture, it is of paramount
importance to predict the specific properties of materials
through the simulation of their behavior. The simulation
methods typically employed for composite materials are
based on the representation of laminates, which are
layered structures. In the representation of short fiber-
reinforced composites, where the fiber distribution is ran-
dom and the orientation depends on numerous factors,
numerical models appear to be the optimal approach to
describing the behavior of these materials.”® These
models facilitate the transformation of heterogeneous
materials into constitutively equivalent homogeneous
materials. This transformation is achieved through the
homogenization method, which represents the heteroge-
neous properties of the material in the microstructure as
a simpler and homogeneous material at the macro
scale.>*** In order to achieve this, studies are conducted
on the smallest repetitive element of the material, which
is referred to as the representative volume element
(RVE). The RVE contains all phases and additions and
represents the material's properties.*>*

Commercial software such as Ansys, Abaqus, and
Altair has developed tools for the creation of RVE suit-
able for the composite type with the intention of simplify-
ing stages of the process and increasing their
applicability.** One such tool is Ansys Material Designer
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(MD), the results of which will be presented in this sec-
tion. In their study, Pai et al.** employed the MD soft-
ware to obtain the RVEs of five distinct types of
composites that they had produced. A comparison was
conducted between the results of tensile and flexural tests
conducted in an experimental setting and those obtained
through simulation. The findings revealed a high degree
of compatibility between the two approaches. Mali and
Paise®* conducted a comparative analysis of the results
obtained from the RVEs of unidirectional, woven, and
random composites using MD with various analytical
models. The findings of this study indicate that the
homogenized properties of composites can be predicted
with a degree of accuracy using this tool. In a related
study,®” the importance of the distinction between the
RVE model selected in the MD tool and the analytical
model employed was emphasized for each elastic prop-
erty obtained. Yun et al.** investigated the impact of
aspect ratio on the elastic properties of RVEs generated
by MD and compared the findings with those of the
Halpin-Tsai model. Sanaka and Sahu*' conducted a com-
parative analysis between the experimental outcomes of
PU/MXene composite samples produced by injection
molding and the corresponding simulations. They
observed highly correlated results, with the exception of
the Rule of Mixture (ROM) with increasing reinforce-
ment amount, which demonstrated general agreement in
the analytical models they utilized. In a separate study,*
injection-molded samples produced with a HDPE matrix
and nanodiamond reinforcement were subjected to
experimental testing. The findings revealed that the sam-
ples displayed characteristics that were markedly similar
to those observed in the MD outcomes. Previous studies
have demonstrated that, in addition to a paucity of exper-
imental literature on PPS-CF composites, there is cur-
rently no RVE modeling of this type of composite. The
present research makes a novel contribution to the field
by comparing experimental results with an RVE model of
a CF-reinforced PPS composite using MD. The objective
of this study is to identify and elucidate the factors that
influence the RVE and their effect on the results in com-
parison to the experimental outcomes.

2 | EXPERIMENTAL
METHODOLOGY
2.1 | Composite production

The matrix material employed in this study was PPS, pro-
duced by Ticona. It is also known commercially as FOR-
TRON® 1200 L1. The reinforcement material was chopped
CF, with a length of 6 mm. The carbon fiber was provided
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by Dow Aksa. The material properties provided by the
suppliers are presented in Table 1. The granulated PPS
and CF were subjected to a drying process in a vacuum
environment at 80 °C for a period of 12 h prior to injection
molding. A twin-screw micro compounder was employed
for the melt mixing of the CF-reinforced PPS composites.
The melting temperature was set at 310 °C, and the mix-
ing time was 3 min at a screw speed of 100 rpm. The mol-
ten material was then injected through the mold at 25 °C
under 10 bar pressure. The injection molding process is
illustrated in Figure 1. The produced composites were
reinforced with 10% by weight of CF.

2.2 | Tensile test

The composites were subjected to tensile testing using an
Instron 4411 model tensile test device. The tensile test was
conducted in accordance with the ISO-527-2/5A standard,
with a speed of 5 mm/min. For each specimen, a

TABLE 1 Properties of matrix and reinforcement materials.

Poly(phenylene

sulphide) Carbon fiber
Density (p) 1.34 g/cm?® 1.76 g/cm®
Tensile modulus (E) 4 GPa 240 GPa
Tensile strength (o) 88 MPa 4200 MPa
Glass transition 90 °C -
temperature (Tg)
Melting temperature (T,,,) 275 °C -
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FIGURE 1
injection molding process.

The production of tensile test specimens via the

85U8017 SUOWLLIOD A0 3|l dde au Aq peusenob ae Ssppie YO ‘8sn J0 Se|n. 1o} Areiq1 8UlUO A8]IM UO (SUORIPUOD-PUR-SLLIBY/LID"AB | 1M AteIq Ul |UO//Sd1Y) SUOIPUOD pue SWS | 84} 88S *[GZ02/20/0T] U0 A%iqiT8ulluo A8|IM * S91SieAIn 18200 - LAZ esng Aq GZ962'00/200T 0T/10p/LI00 A 1M AleIq Ul |uo'suo eal jgndedsty//:sdny wouy papeojumod ‘0 ‘69508YST



EYRI ET AL.

* | WILEY-$T sz, P

PROFEssiONALs  COMPOSITES

PC-high 15 kV

minimum of three tests were conducted, and the mean
values of these tests were considered. The tensile test
enabled the determination of the tensile strength (c), ten-
sile modulus (E), and elongation at break (¢) of the
specimens.

2.3 | Fiber analysis
It is of the utmost importance to identify the relevant
parameters in order to obtain more accurate results that
align with the final product. These parameters include the
aspect ratio (1/d) value inputted into the Material Designer
tool or the orientation of the fibers within the material. In
order to achieve this, the diameter of the CF employed as
a reinforcing element and its orientation within the mate-
rial were imaged by means of scanning electron micros-
copy (SEM). The diameter of the CFs and the SEM
micrograph of the material taken from the cross-section
perpendicular to the tensile direction are presented in
Figure 2. The study was conducted using a Jeol JCM-6000
model SEM. Prior to analysis, the surfaces of the samples
were coated with silver in order to ensure conductivity.
The length of the fibers was determined by subjecting
the composite samples to combustion in an oven at 600 °C
until only the fibers remained. The fibers were then placed
on coverslips, followed by the dripping of distilled water
and separation of the fibers from each other, in order to
obtain a clear image. The average length of the fibers was
ascertained by measuring the images obtained using a
Nikon SMZ 745T model light microscope (Figure 3).

3 | NUMERICAL SIMULATION

3.1 | Ansys Granta selector

In instances where materials were not available within
Ansys' own library, the Ansys Granta Selector software
was employed for the selection of alternative materials.
The software provides comprehensive material selection

FIGURE 2 SEM micrograph of a
material cross-section, with
measurements of the diameter of

the CFs.
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FIGURE 3 The image of the CFs in the composite was
obtained using an optical microscope.

databases, which facilitate more accurate decision-
making processes. Granta software was established and
developed by Dr. Michael Ashby, a metallurgical
and materials engineer. Granta Selector is a comprehen-
sive software program based on the Ashby material selec-
tion methodology, which is also named after him and is
one of the most widely used methodologies in the world.
The software enables the user to identify the most suit-
able materials for any given application and to export
material property data directly.*” The PPS and CF mate-
rial data cards obtained from the software were tailored
to align with the data in Table 1, which was sourced from
the manufacturer. The remaining parameters were main-
tained at their default settings. Subsequently, the Granta
Selector file was linked to the material section of Material
Designer, the Ansys RVE modeling tool (Figure 4).

3.2 | Ansys Material Designer

The initial stage of the design and analysis of structures
in composite micromechanics is the homogenization
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FIGURE 4 Linking the Granta
selector file to the material
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process. The elastic properties of a heterogeneous mate-
rial at the micro level can be determined by homogeniza-
tion, which allows the stiffness of the material to be
quantified. This enables an examination of the material's
behavior at the macro level.** A number of models have
been developed with the objective of determining these
elastic constants. Material Designer is a modeling tool
designed for the determination of material properties
through the generation of an RVE (representative volume
element) based on the Mori-Tanaka model. The Mori-
Tanaka model is used to ascertain the distribution of the
reinforcement phase within the matrix material and to
determine the contribution of this distribution to the
macroscopic elastic properties. The Mori-Tanaka process
can be summarized as follows>”:

1. The identification of matrix and reinforcement phases,

2. Calculation of the Eshelby tensor which is employed
to ascertain the behavior of the reinforcement phase
within the matrix,

3. The determination of strain in the reinforcement

phase,

Calculation of the effective strain,

Expression of the deformation of the reinforcement,

Expression of matrix strain,

Determination of the macroscopic elastic modulus of

the composite material.

N o vk

In the context of Material Designer, the following
assumptions are made with regard to short-fiber rein-
forced composites:**

« The matrix material exhibits isotropic linear elastic
behavior.

» In contrast, the fiber material is either isotropic or
transversely isotropic (in one direction) and exhibits
linear elastic behavior.

« Fibers are cylinders of finite length, which necessitates
the utilization of the Eshelby tensor for ellipsoidal
inclusions.

+ The length and diameter of all fibers are identical.

+ The interfacial bond between the fibers and the matrix
material is optimal.

3 &% Material Designer +/

5_mesh

« The RVE is characterized by a periodicity.

The following options for the design of short fiber rein-
forced composite materials in the Material Designer tool are
modifiable in accordance with the specifications outlined.

Fiber Weight Fraction: In light of the fact that the
fiber weight fraction is 10% in the present study, this
value is designated as the input.

Aspect Ratio: In the context of composite materials,
the aspect ratio is defined as the ratio of the length to the
diameter of the reinforcing element. In order to obtain
this value, the fiber analysis presented in section 2.3 was
conducted, resulting in an input value of 25.

Repeat Count: An increase in this number will
result in an expansion of the RVE, which in turn
will lead to an increase in the number of reinforcements
included in it.** The importance of ensuring statistical
homogeneity of the RVE has been emphasized in previ-
ous studies, as this is crucial for more accurate represen-
tation. Furthermore, it is of the utmost importance to
select a RVE of sufficient size to ensure the independence
of boundary conditions.” In order to ascertain the critical
size, another parameter that will be considered in this
study is the repeat count.

Orientation Tensor: The orientation tensor was
devised to quantify the degree of alignment between the
fibers in the composite and the corresponding direction.
If it is assumed that the direction unit vector for the RVE
with N fibers is d', d>, .., dV, then the tensor can be
expressed as follows:

N

k) 4(k
ay=_d"d" (1)

k=1

The Material Designer tool is utilized to generate a
RVE in which the principal axes of the orientation tensor
are aligned with the spherical coordinate system. Subse-
quently, three values, all, a22, and a33, must be input.
These values indicate the degree of alignment between
the fibers and the corresponding direction of alignment.
It is of great importance to ascertain the orientation of
the fibers within the internal structure during the
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production process. The orientation of fibers orientation
is of great importance, as it affects the behavior of the
material. In the context of injection molding, the mold
walls exert a considerable influence on the manner in
which the material flows into the mold. In the material
that freezes instantaneously upon entering the mold, the
fibers are randomly distributed. The effect of this region
is so minimal that it can be disregarded. The regions of
the flowing material in close contact with the mold are
subjected to shear stresses, which serve to influence the
orientation of the fibers. While the fibers tend to orien-
tate in a direction parallel to the mold flow direction
(MFD), in the core region, which is relatively further
away from the mold, this orientation is perpendicular to
the MFD. Given that the level of shear stress is dimin-
ished in this area, these regions are designated the skin,
shell, and core, respectively. The thickness of the regions
is contingent upon a number of manufacturing parame-
ters. In this study, the fiber orientation was set at 70% in
the direction of the MFD, in accordance with the
literature.>*>™*’ The resulting fiber orientation matrix for
the RVE and its representation are presented in Figure 5.

Seed: The MD tool employs an algorithm, designated
as Sequential Addition with Orientation Optimization,
for the distribution of fibers in the composite. The algo-
rithm is responsible for the random and non-overlapping
distribution of fibers in accordance with the specified
fiber orientation.*® In this context, the term ‘seed’ refers
to the number of RVE algorithms that are reconstructed
each time with this algorithm. In the present study, a
series of fiber distributions were generated and their
influence on the final material was assessed.

4 | RESULTS AND DISCUSSION

4.1 | Tensile test

A total of three samples were produced, comprising both
pure PPS samples and composite samples labeled
PPS_CF. Figure 6A illustrates the tensile curves of the
PPS_CF. In order to gain a deeper insight into the rein-
forcement of the CF within the matrix, a comparison of
the values obtained from the tensile test results is pre-
sented in Figure 6B. As demonstrated in the accompany-
ing figure, the tensile strength and modulus values of the
unreinforced PPS are enhanced by the addition of

a1 0 0 z== ‘;. CF. This enhancement in mechanical properties with
= g agz 0 _——‘_._E/\&:\ fiber reinforcement is an anticipated outcome and is elu-
33 /__\'/_A-\ : \/‘1'( cidated by the “rule of mixtures” in extant literature.™
‘—\.._/> Additionally, the effect of interfacial bonding on the
07 0 0 a33 PP mechanical strength of composite materials is a well-
a;i=|0 015 0 A established phenomenon, as evidenced by previous
j 7322 49,50 :
0 0 015 research. Consequently, the enhanced load-carrying
-a11 capacity observed in the manufactured samples can be
ascribed to the exceptional mechanical properties of CF
FIGURE 5 The orientation matrix and representation of and the establishment of a exceedingly effective interface
oriented fibers on the RVE. between the PPS matrix and the CF. Moreover, the
Tensile Stress (MPa)
Elastic Modulus (GPa)
160 Elongation at Break (%)
——PPS_CFI 150 - 80 40
1401 PPS_CF2 ”
N | FE LR 140 - L70 [
-é 30
z '] 130 160 [ 56
g A
.; 80+ .
H . 120 50 20
Z 60 H15
E 110 L0 [!
404 L10
201 100 30 [
0 ; : ; . 90 , , 20 Lo
0 0.4 0.8 1.2 1.6 2.0 PPS PPS CF
(A) Tensile strain (%) (B) -
FIGURE 6 (A) Tensile test curves of the composite specimens, (B) Comparison of tensile test results of pure PPS and composites.
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uniform and agglomeration-free distribution of the CF
can be attributed to the consistent pattern observed in
the curves. This effect can also be observed in the SEM
micrographs provided in Section 2.

Table 2 presents the tensile strength, modulus, and
elongation at break values of the composites with 10%
CF-reinforced PPS matrix produced in the study. It is evi-
dent that the values observed are consistent with those
documented in existing literature, thereby demonstrating
a notable degree of enhancement in the tested samples in
comparison to the reference matrix material. The average
strength value for PPS material reinforced with 10% CF,
as reported by Karsh et al.,’! was 147.87 MPa. However,
Kizil et al.® measured this value to be 146.0 MPa.
Moreover, the modulus and elongation values presented
in the aforementioned studies are consistent with those
observed in the current study. The observed reduction in
elongation at break can be explained by the failure mech-
anism described in the literature.'” According to this
mechanism, when subjected to tensile stress, microcracks
initiate at the fiber ends due to heightened stress concen-
tration at these points. These cracks then propagate along
the fiber direction, disseminating throughout the matrix
until reaching a critical level at which point the compos-
ite undergoes final fracture. This outcome demonstrates
that fracture is closely related to the number of fiber
ends. Another reason for the decrease in elongation at
break can be attributed to the decrease in the mobility of
polymer chains with the addition of fibers. The incorpo-
ration of a rigid reinforcement material into a polymer
matrix can result in enhanced interfacial interaction
between the reinforcement material and the matrix mate-
rial, leading to the homogeneous distribution of the rein-
forcement material within the polymer matrix. This
distribution occurs between the polymer chains, thereby
reducing their mobility.>* This, in turn, reduces the poly-
mer's elastic deformation ability when an external load is
applied.

Table 3 presents the mean values and standard devia-
tions derived from the samples. These values are consis-
tent with the trends observed in the curves illustrated in
Figure 6-a and fall within the acceptable range of
deviations.

TABLE 2 The values obtained from the tensile test results of
the composite specimens.

PPS_CF1 PPS_CF2 PPS_CF3
o, (MPa) 138.14 148.73 144.32
E (GPa) 78.25 79.53 80.42
e (%) 1.87 2.02 1.95

PROFESSIONALS  COMPOSITES

The following sections will present a comparison
between the data obtained from the material models cre-
ated with the Material Designer tool and the aforemen-
tioned mean values.

4.2 | Mesh Independence

An investigation into the effects of the mesh parameter
on the material properties using the Material Designer
tool revealed no significant impact. This was determined
through an analysis of three different meshes for 5, 10,
and 20, with all other parameters (seed, repeat count,
etc.) held constant. The mesh sizes indicated herein are
defined as the maximum element size. Table 4 illustrates
the impact of varying mesh values on the stress corre-
sponding to each strain value. The slight fluctuations
observed in the stress values suggest that the issue is not
dependent on the mesh. Given the proximity of the
results, the mash value of 10 was selected for all
simulations.

4.3 | Repeat count

This section presents the findings of a parameter investi-
gation into the influence of the RVE size of the modeled
material on the analysis. The incorporation of a sufficient
number of reinforcements within the RVE, coupled with
a satisfactory number of interface connections between
these elements and the matrix, enables the convergence
of the material properties. The study employed a RVE
with varying repeat counts, spanning 2, 3, 4, and 5, and
the resulting graphs are presented in Figure 7.

TABLE 3 Mean values and standard deviations of the data

obtained from tensile tests.

Average
c, (MPa) 143.73 + 4.35
E (GPa) 79.40 + 0.89
e (%) 1.95 + 0.064
TABLE 4 Impact of varying mesh values on the stress

corresponding to each strain value.

Mesh size Strain

(mm/mm) 5 10 20

0.010 88.98 MPa 88.97 MPa 88.98 MPa
0.015 120.78 MPa  120.77 MPa  120.77 MPa
0.020 143.13 MPa  143.11 MPa  143.12 MPa
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As illustrated in the graph, the model demonstrates a
progressive convergence with the experimental result as
the repeat count number increases. It has been demon-
strated in previous studies that the values obtained from
comparatively larger RVEs are more consistent with the
results of experiments.””® Nevertheless, an alternative
study that considers the size of the RVE has demon-
strated that the values remain relatively constant beyond
a certain size.*' As illustrated in the graph, the deviation
values become so insignificant after a certain number
that they can be considered negligible. Consequently, an
accurate evaluation of material characteristics may not
be feasible if the RVE volume is insufficient to meet the
minimum requirements for accurate approximation.>* In
the present study, the optimal repeat count was deter-
mined to be 5 for the composite comprising PPS and CF.

44 | Seed number

A more precise estimation of material characteristics may
be achieved through the repeated simulation of fiber
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FIGURE 7 The tensile test curves for RVE with varying repeat
counts.
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distributions. As each distribution represents a different
production probability, the possible distributions of the
material will affect its properties.”*® Accordingly, RVEs
comprising three distinct random distributions were gen-
erated via the algorithm outlined in Section 3. The tensile
curves presented in Figure 8A are compared with the
curve obtained from the experimental test. As illustrated
in the figure, the simulation and experiment are in
accordance with one another, with the discrepancy in
fiber distribution resulting in an inconsequential alter-
ation to the curves.

The mean column in Table 5 provides the mean and
standard deviation values of the tensile strength
and modulus values for the three distinct RVEs. It was
demonstrated that the variance within the RVEs obtained
from the algorithm remained relatively minimal. The
values in the error column indicate the discrepancy
between the data obtained from the RVEs and the average
value of the experimental data. Accordingly, while there is
a high level of agreement between the tensile strength
values and the experimental data, there is a discrepancy of
18.58% between the modulus values and the experimental
data. A similar study demonstrated that as the reinforce-
ment ratio in the composite material increases, the error
rate in the modulus also rises. The highest error rate was
observed at a reinforcement ratio of 10% by volume.*'
However, this value is lower than the modulus error rate
obtained from RVEs produced with the same tool in the
existing literature.® Accordingly, the value of 14,720 for
the seed was deemed to be acceptable. Accordingly, the
optimal RVE has been generated by the MD tool for CF-
reinforced PPS composite material. The selected values for

TABLE 5 The tensile test results for the RVESs, together with a
comparison with the corresponding experimental values.

Average % Error
c, (MPa) 141.48 + 2.12 1.56
E (GPa) 94.15 + 4.53 18.58
Ansys
FIGURE 8 (A) The tensile test

curves for RVE samples generated by
different fiber distributions,
(B) Optimum RVE obtained from MD.

85U8017 SUOWLLIOD A0 3|l dde au Aq peusenob ae Ssppie YO ‘8sn J0 Se|n. 1o} Areiq1 8UlUO A8]IM UO (SUORIPUOD-PUR-SLLIBY/LID"AB | 1M AteIq Ul |UO//Sd1Y) SUOIPUOD pue SWS | 84} 88S *[GZ02/20/0T] U0 A%iqiT8ulluo A8|IM * S91SieAIn 18200 - LAZ esng Aq GZ962'00/200T 0T/10p/LI00 A 1M AleIq Ul |uo'suo eal jgndedsty//:sdny wouy papeojumod ‘0 ‘69508YST



EYRI ET AL.

PLASTICS —W I L E YJ_g

INSPIRING Polymer

this RVE are as follows: the aspect ratio is 25, the
maximum element size (mesh) is 10, the repeat count is
5 and the seed number is 14720. As no fracture occurred in
the MD tool, the strain was limited to 0.2%. The image of
the RVE obtained from the ANSYS Material Designer tool
for the optimum data is presented in Figure 8B.

5 | CONCLUSION

In this study, the material properties obtained by
Material Designer, a material modeling tool produced by
Ansys commercial software, were compared with the
experimental results. The effect of varying the parameters
within the MD tool on the material properties has been
subjected to analysis. Consequently, an attempt was
made to ascertain the factors that should be taken into
account in order to obtain the most optimal material
model. It was determined that the most significant effect
in the modeling process was due to the repeat count, and
the curve that exhibited the closest resemblance to the
experimental result was obtained with a repetition num-
ber of 5. The aspect ratio for the produced composite
material was taken as 25 as a result of the measurements,
which was effective in the convergence of the final curve
to the experimental one. The fiber orientation was
accepted as 70%, and it was determined that this was a
correct assumption according to the optimum result
obtained. The number of meshes had no significant effect
on the model. The various RVEs obtained from the fiber
distribution algorithm were within or close to the range
of the data obtained from the experimental test. There-
fore, although the seed number taken as the basis is
14,720, selecting other seed numbers would also remain
within the solution range and be considered correct. In
general, the tensile strength values obtained from the
MD tool are in close agreement with the actual material
properties, with a mean value of 141.48 + 2.12 MPa and
a modulus value of 94.15 + 4.53. The discrepancies
between the simulation and experimental results can be
attributed to the presence of voids, agglomeration, inter-
face imperfections, or experimental errors in the mate-
rial, given that the MD tool assumes a perfect
manufacturing process and composite interface. There-
fore, from the perspective of the material production pro-
cess, material modeling with MD may offer a more
efficient option for the industry, given the potential loss
of time, capital, and manpower.
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