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Abstract— The utilization of composite materials in
various engineering sectors has gained significant prominence
due to their unique characteristics. However, owing to their
inherent heterogeneity, these materials often exhibit nonlinear
and unpredictable behaviors. Consequently, the finite element
method has seen a growing application as an invaluable tool for
analyzing composites subjected to diverse scenarios. This study
aims to assess the advantages and disadvantages of ANSYS
APDL and Workbench modules (specifically, ACP and Static
Structural) while also examining the impact of the choice of
elements in simulating composite materials. The results
obtained reveal that, irrespective of the chosen method and
element type, the strain patterns exhibited remarkable
similarity. Nonetheless, models employing shell elements
demonstrated a notable advantage, requiring fewer elements
and nodes. Furthermore, the recommended model is the
integrated ACP model. This preference is based in its capacity
to simplify layer modeling and enable the detailed analysis of
strains within each layer.

Index Terms — Carbon Fibers, Finite Element, Materials,
Polyphenylene Sulfide Composite.

I. INTRODUCTION

Advancements in technology have spurred a growing
demand for materials with extraordinary properties,
surpassing the capabilities of traditional materials like metal
alloys, ceramics, and polymers [1]-[3]. Composites offer a
unique combination of performance attributes that are
unattainable by their individual constituents [4]-[5]. These
combinations enable the creation of lightweight components
with remarkable strength and stiffness, along with added
advantages such as resistance to high temperatures,
corrosion, and impact [2], [6], [7]. This versatility makes
composites more appealing than single-material alternatives
[2], [6], [7]. The applications of composites span a wide
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array of industries, including automotive, aerospace,
petrochemical, naval, electro-electronics, civil construction,
energy, biomedical, and sports, among others [2], [3], [5]-
[9]. Despite their extensive possibility use, composite
materials pose challenges due to their cost, inherent
heterogeneity, and the influence of lamination
configurations on their properties. Analytical models seek to
represent the various failure phenomena that impact
composite performance [10] [11]-[14]. In response to these
challenges and with the aim of optimizing structural designs
and gaining a deeper understanding of composite behavior,
numerous researchers turn to computer simulations [15],
[16]. Utilizing the Finite Element Method (FEM), it
becomes feasible to analyze the damage inflicted upon the
matrix, fibers, and the matrix/fiber interface when
composites are subjected to a diverse range of conditions,
including static and dynamic loading, exposure to varying
temperatures, and different pressures [17], [18].

I1. COMPOSITE MODELING

In the simulation of the composite materials, the
effectiveness of modeling relies on the choice of elements,
with four primary types at the forefront: beam, solid, plate,
and shell elements. This selection is inherently tied to the
nature of composite layers, as outlined in [19]. Among these
options, the beam element sees relatively limited use.
According to [20], plate and shell elements are the
predominant choices for modeling composite structures. The
rationale behind this preference, as explained by the author,
stems from their capacity to reduce the number of nodes and
elements when compared to solid elements, along with their
ease in modeling thick laminates. Both plate and shell
elements fall under the category of two-dimensional or
surface elements, given that two of their dimensions (length
and width) significantly overshadow the thickness, which is
determined by the laminate layers [12]-[14],[17]-[26].
Consequently, the terms "plate" and "shell" are often used
interchangeably, with the plate element considered flat and
the shell element curved in some contexts [17], [21], [27].
According to [20], the thickness coordinate is omitted from
the general equation, effectively transforming it from a 3D
problem into a 2D one. However, [19] points out that while
it is possible to use 3D solid elements in composite
simulation, it is generally impractical due to the high
computational cost, especially for models with numerous
layers or those representing real-world structures. Moreover,
solid elements can lead to ill-conditioned equations when
dealing with very thin laminate thicknesses. Beyond the
element type, the modeling approach significantly
influences the efficiency of the model and, consequently, the
accuracy of the results. Presently, there are various software
programs for composite simulation, each equipped with
modules and routines for laminate modeling. Some of these
modules simplify the manipulation of variables crucial for

Volume 51, Issue 7, July 2024, Pages 918-924



TAENG International Journal of Computer Science

composite analysis, such as the ACP module (ANSYS
Composite PrepPost) by ANSYS Inc. This module
streamlines the engineering of layered composites,
encompassing complex definitions that involve multiple
layers, materials, thicknesses, and orientations. It addresses
the challenge of predicting real-world performance under
various conditions, considering stresses, strains, and an
array of failure criteria [28]-[37]. However, the most widely
adopted module within ANSYS for composite simulation
remains APDL (ANSYS Parametric Design Language).
While APDL demands a deeper understanding of simulation
concepts, it is more versatile than the Workbench interface,
where ACP is integrated. The Workbench interface, owing
to its materials database and automatic element type
selection based on problem analysis, offers a more intuitive
and user-friendly experience [29],[34]. This study conducts
a comparative analysis between the APDL and Workbench
modules of ANSYS for simulation of the composite
material. The objectives are to assess ease of modeling,
compare results between simulations and experiments, and
evaluate the impact of element type combined with the
module used on the results.

1. MATERIAL AND METHODS
A. Material Selection and Specimen Preparation

In this experimental investigation, a Polyphenylene
Sulfide (PPS) composite reinforced with carbon fiber (5HS)
consisting of five layers, each 0.32 mm thick, was
employed. The classification of PPS-CF would be a
thermoplastic matrix composite reinforced with carbon
fibers. This describes the nature of the constituent materials,
with the thermoplastic polymer matrix (PPS) and carbon
fibers as reinforcement, as well as the shape of the
constituents, with the melted matrix and carbon fibers
embedded in fabric form.

The composite was created using the Compression
Molding method where it was placed in a mold, subjected to
controlled pressure and temperature to form the final piece.

In the PPS-CF architecture, Bidirectional Lamination was
used, which is proposed when resistance is required both in
the direction of the fibers and perpendicular to them, the
carbon fibers can be arranged in a bidirectional
configuration, generally at right angles (0° and 90°),
forming a biaxial fabric pattern. The material properties are
outlined in Table 1.

TABLE I
MATERIAL PROPERTIES
Ortotropic Stress Limits

Tensile, 11 790 [MPa]
Tensile, 22=33 750 [MPa]
Compressive, 11 -644 [MPa]
Compressive, 22=33 -637 [MPa]
Shear, 12=13=23 131 [MPa]
Ortotropic Elasticity
Young’sModulus, E11=E22=E33 40 [GPa]

Poisson’sRatio, v12= v13=v23 0.25
Shear Modulus, G12=G13=G23 2,65[ GPa]

Specimens were crafted from this material, measuring
216 x 39.2 mm in length and width, and featuring a centrally
located 8 mm diameter hole. These specimens were
subjected to tensile testing utilizing a Shimadzu Model AG-
X universal testing machine equipped with a 50 kN load
cell. Strain measurements were conducted using strain

gauges positioned at the end of the hole and at a 33 mm
distance, as illustrated in Fig. 1.

39.2 mm

108 mm
141 mm

Fig. 1: Specimen and location of strain gauges, LD - longitudinal away
from the hole, TD - transverse away from the hole and LH-longitudinal
next from the hole.

B. Numerical Simulation

Numerical simulations were conducted employing the
finite element method within the ANSYS software. The
study involved a comparison between the APDL and
Workbench platforms. Furthermore, within the Workbench
module, a comparison was made between the Static
Structural and ACP packages, which are specialized for
composite materials. Regardless of the chosen method, the
specimen was divided into three distinct regions, as
represented in Fig. 2, aiming to replicate conditions inside
the test machine's claw. In these regions, 8 KN loads were
applied to each face, and strain was evaluated in the central
region.

Fig. 2: Models, (a) APDL, (b) Static Structural and (c) ACP.
C. Modeling Approaches
The parameters used in the three modeling approaches were:

e APDL Module (Fig. 2a): The model was
constructed as a two-dimensional figure using the
SHELL 190 3D element, featuring 4 nodes and 6
degrees of freedom. This element is suitable for
shell models, and the number and thickness of
layers were specified using the multilayer tool
[29,34].
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e Static Structural Package (Fig. 2b): In this
approach, the specimen was modeled as a
homogeneous structure using elements SOLID186,
CONTA174, and SURF154 for meshing. Bonded
type contact was employed in the contact zones.

e ACP Package (Fig. 2c): Two models were created
within the ACP package: one with solid elements
and another with shell elements. Both models were
generated from surface sketches, with material
thickness defined by modeling five layers, each
0.32 mm thick, using woven fiber and PPS as the
polymer matrix. SOLID185 and SURF154
elements were used for the solid model mesh, while
SHELL 181 and SURF156 elements were used for
the shell model mesh.

D. Strain Quantification

To quantify the strain in regions corresponding to the
strain gauge locations:

e In the APDL module, strains were selected based
on node loading variation in regions where strain
gauges were placed.

e In models created in the Workbench, the Path
feature was used to isolate strains in defined
regions. Six Paths were constructed, two for each
strain gauge, representing their lower and upper
limits, as depicted in Fig. 3.

Fig.3: Path Distribution (a) Static Structural and (b) ACP.

IV. ANALYSIS AND DISCUSSION OF RESULTS

Analyzing the specimens subjected to experimental
testing, a clear observation emerges: the fracture
predominantly manifests in the vicinity surrounding the
hole, exhibiting an X-profile, as depicted in Fig. 4. A
consistent pattern is discernible across all simulation models
when comparing this fractured region with the experimental
findings, as illustrated in Fig. 5. Notably, the region of
maximum strain aligns with expectations, closely situated
near the hole, with the recorded maximum strain value
approaching approximately 0.029 m/m.

(RN

Fig.4: Specimen after test.
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Fig.5: Normal Elastic Strain (a) Solid ACP model, first layer; (b) Static
Structural Model; (c) APDL Model and (d) Shell ACP model, first layer.

The models crafted within the ACP package offer a
distinctive advantage by facilitating the visualization of
strain in each layer, as exemplified in Fig. 6. This capability
extends to both the solid element model and the shell
element model. Analyzing the strain results presented in Fig.
7, a convergence between experimental and simulated
values becomes evident. As anticipated, the highest strain
values occur near the hole due to elevated stress
concentration in that region. In the transverse region,
negative strain values are recorded, attributed to the
compressive force application. A meticulous comparison of
experimental and simulated values indicates nearly zero
difference in the longitudinal direction near the hole (Fig.
7a). However, in the longitudinal direction away from the
hole, a disparity of approximately 9% is observed (Fig. 7b),
along with a 10% difference in the transverse direction (Fig.
7c). This underscores the validity of simulations,
irrespective of the module used. Furthermore, an overlap

ofvalues in the simulation results accentuates precision
among the employed methods.
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Fig.6: Normal Elastic Strain in each layer, of the ACP model: (a) Solid
ACP model, (b) Shell ACP model.
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Fig.7: Force versus strain graphs (a) Longitudinal, near the hole region,(al)
Extended region, (b) Longitudinal, (bl) Extended region and (c)
Transverse, away from the hole, (c1) Extended region.

Although the results are close to the experimental data,
regardless of the module used, a more detailed analysis of
the number of nodes and elements used in each model
shows differences. Models that use solid elements required a
greater number of nodes and elements compared to those
built with shell elements, as illustrated in Figure 8.
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Fig.8: Comparison of the number of elements and nodes among the models.

Still according to the data presented in Figure 8, it is
observed that the mesh generated in the solid model in
Workbench (without using the ACP wizard) generated
almost 90,00 nodes, while in the model using APDL, just
over 5,000 nodes were generated, resulting in a greater
demand for computational resources in the solid models.
Notably, the APDL module used the fewest number of
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elements and nodes. However, it is essential to emphasize
that the models formulated within the ACP package readily
allowed the analysis of layered results, proving to be a
valuable resource for simulations involving composite
materials. From the point of view of using computational
resources, the model made using APDL requires less
computational resources, as it has a simpler graphical
interface and was the model that generated the smallest
number of nodes and elements.

V.CONCLUSION

In summarizing the findings derived from the comparison
of the four distinct models, it is apparent that the simulation
outcomes closely mirror the experimental data. The
investigation has not only illuminated the merits and
drawbacks inherent in each modeling approach but has also
contributed valuable insights to the scientific community.
The solid model, crafted within the Static Structural
package, stands out for its expeditious construction, albeit
accompanied by certain drawbacks. Notably, this model
engenders a substantial number of nodes and elements,
necessitating significant ~ computational resources.
Furthermore, its limitation lies in its capacity to furnish
results solely for the entire laminate, lacking the capability
to visualize layer-specific outcomes such as strain, stress
distribution, and failure criteria—features seamlessly
achievable in the ACP package. The APDL model,
leveraging shell elements, presents a compelling alternative.
While demanding fewer nodes and elements, thus
minimizing computational demands, its modeling process
proves more intricate due to a less user-friendly interface
compared to Workbench. Models formulated through the
ACP package, specifically tailored for composite materials,
offer a comprehensive array of functionalities for both
model creation and result evaluation. Nevertheless, this
package demands a higher level of expertise owing to its
intricate links between simulation parameters. Comparing
the ACP models with the APDL model, albeit featuring
slightly more nodes and elements than the latter, and
considerably fewer than the solid model, underscores their
efficacy. In essence, the choice of modeling approach hinges
on a myriad of factors. The solid model excels in speed and
finds effectiveness in dealing with simpler geometries and
boundary conditions. Conversely, for intricate models,
particularly those boasting complex layer configurations, the
ACP and APDL models prove more adept. Among these,
the ACP package, offering a balance of user-friendliness and
extensive functionality, is preferable, while the APDL
module, though more laborious, shines in computational
efficiency. Ultimately, the selection of the modeling
approach should be a judicious decision based on the
specific simulation requirements, model complexity, and the
expertise of the designer.
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