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In this investigation, the Mechanical
Behavior of the composite Single-Stringer
structure was subjected to numerical anal-
ysis in order to better understand its prop-
erties. As the primary material for the mod-
eling process, the carbon-epoxy IM7,/8552
with quasi-isotropic Layups has been uti-
lized. The outcomes of the numerical anal-
ysis that were carried out on the structure
while it was in its static state have been
put into the structural tool that was devel-
oped by the ANSYS programme. The fun-
damental boundary conditions have been
defined on the basis of the information that
was received from the testing. Static forc-
es with a combined magnitude of 13.7 kN
are being applied to the composite Single-
Stringer structure. Shear stresses, direction
deformation, von mises stresses, and total
deformation have all been shown to have an
effect on a material’s mechanical behaviour,
and this effect has been demonstrated. The
calculations indicate that there is a maxi-
mum amount of bending that can take place
as a direct result of the load that is being
applied, and that amount is equal to 0.0147.
The maximum amount of bending that can
take place as a direct result of the load that
is being applied is equal to 0.0147. As a con-
sequence of the application of 13.7 kN of
pressure, the von Mises stress, which is also
Jfrequently referred to as comparable stress-
es, has reached 51.9 MPa. Shear stresses
have been estimated in three distinct plans,
and it was discovered that the shear stress
that was applied to the XY plane achieved
a maximum of 15 MPa, but the shear stress
that was applied to the XZ plane reached a
maximum of 9.8 MPa. This was found. Both
aeroplanes were put through precisely the
same amount of tension at the exact same
time. At this time, the shear stress on the
plane YZ has reached a level of 1.5 MPa
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1. Introduction

Composite stiffened panels are widely used in today’s
thin-walled aeronautical components, including the fuselage
and wing structures. Adhesive bonding or co-curing is fre-
quently used in these buildings to secure the stringers to the
skin. The bending stress that causes things to buckle.

The load that can be applied to structures is much less
than the load that will cause them to fail [1]. However,
the out-of-plane displacements that can take place in the
post-buckling phase have the potential to become rather sig-
nificant at some points. In addition, the repetitive character
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of these displacements might cause a separation to occur in
the interface that is established between the skin and the
stringer if it is not carefully monitored. Because there are
no reliable numerical techniques available that are able to
correctly foresee this phenomena, it is required to include
the buckling load as the limit load during the design phase
for aerospace stiffened panels. This is due to the fact that
including the buckling load as the limit load is necessary.
If the structure were to be allowed to buckle under specific
well-defined service conditions, the consequence would
either be an increase in the load carrying capability of the
structure or a reduction in the weight of the structure when
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it was subjected to the same limit load. Both of these out-
comes are possible. To stop the panel from failing before its
time, it is necessary to pay special attention to the process of
fatigue delamination start and spread. Only then will you be
able to stop it from failing prematurely. The anticipated rate
of fatigue delamination dissemination in post-buckled rein-
forced composite panels is still an unresolved issue, despite
extensive investigation at the coupon level. This is because
no one has found a satisfactory solution to the issue. The
power law proposed by [2—4] characterizes the rate of de-
lamination growth under fatigue loading circumstances by
relating the crack growth rate to the stress intensity factor,
or, equivalently, the energy release rate. This law connects
damage mechanics with fracture mechanics by relating the
rate at which energy is liberated through crack propagation.
All of this is carried out in accordance with the Paris law and
the numerical representation of delamination.

Within the realm of damage mechanics, simulations of
delamination onset and propagation under quasi-static and
impact stress circumstances have seen widespread adoption
of interface elements that include an embedded cohesive
law [5]. As a result of the positive findings gained for these
issues, a select group of writers has extended the cohesive
formulation in order to mimic the growth of fatigue cracks.
However, the energy release rate is not directly described
within the cohesive law. As a result of this, a range of mod-
els has been developed that relates the cohesive damage
variable to the crack growth rate defined by [6, 7]. The vast
majority of these models produce accurate findings when
assessing the propagation of fatigue cracks in small samples
or coupons. However, due to the enormous number of inter-
face pieces needed to correctly depict the fatigue cohesive
zone, they are impractical when applied to more complicated
structural problems. This limits their usefulness for solving
more advanced structural issues [8].

Numerical methods from the field of fracture mechan-
ics, on the other hand, rely on a combination of the Virtual
Crack Closure Technique (VCCT) and an energy release rate
estimation methodology based on the Paris law. [9]. These
approaches are referred to as “fracture mechanics-derived nu-
merical approaches.” This methodology, which was developed
for modelling delamination propagation under quasi-static
load circumstances [10], is now being incorporated into a
number of other commercial Finite Element (FE) programs.

Because of the challenges involved in managing and fore-
casting the complex failure mechanisms of composite struc-
tures, the promise of composite structures in the aerospace
industry has not yet been completely explored [11]. In the
post-buckling era, this is truer than ever. Typical aeronauti-
cal composite stiffened panels can operate in the post-buck-
ling regime, but it’s hard to foresee how they’ll fail. This is
because it is difficult to forecast their mechanism of collapse
because the post-buckling deformation interacts with many
failure modes like intralaminar damage, delamination, and
skin-stringer separation [12]. Fatigue loading conditions
further complicate the phenomenon due to interactions
between geometric nonlinearities of the response, different
damage modes, and the accumulation of cyclic damage. This
is due to the cumulative nature of damage [13].

One of the worst forms of damage in stiffened pan-
els is delamination, especially when it takes the form of
skin-stringer separation. This is because delamination can
spread rapidly under favourable conditions and is hard to
forecast [14].

Despite the abundance of research, it is unclear how well
it is possible to simulate interlaminar damage in composite
structures that have been subjected to fatigue strain. The
growth of delamination is typically viewed as a problem
similar to that of crack propagation, and the majority of
the currently available numerical methods make use of
methodologies that were initially developed for use with
metallic materials. Examples include the [15], which is
used to characterize experimental data in terms of fracture
growth rate versus variation in energy release rate or stress
intensity factor under load [16]. In order to include the Paris
law within the framework of a Finite Element (FE) analysis,
many different numerical techniques have been developed
over the past few decades. Several methods have been used
to achieve this goal. Applying the Paris rule to the VCCT
has allowed several authors [17] to calculate the energy re-
lease rate and, thus, the crack propagation rate. Preliminary
testing has indicated that the recently introduced approach
in the finite element code ABAQUS can accurately ana-
lyze fatigue-driven delamination at the coupon level [18].
Cohesive Zone Model (CZM) methods, on the other hand,
place interface elements along the surface in the direction
of the crack’s expected growth. Delamination simulation in
composite laminates subjected to static or impact loads [19]
has benefited greatly from CZM-based approaches. Some
authors have subsequently expanded on these methods by
include the Paris law within the cohesive constitutive mod-
el [20], thereby making it possible to account for degradation
due to the cyclic load.

Therefore, numerical analysis that is devoted to de-
termine the fatigue behavior of composite single-stringer
construction based on the quasi-static approach scientific
relevance.

2. Literature review and problem statement

In the mechanical sector, the full potential of composite
structures has not been realized because of the challenges
in managing and predicting their complex failure modes,
especially in the post-buckling regime. The combination of
the effects of post-buckling deformation when with various
failure modes, such as intralaminar damage, delamination,
and skin-stringer a division [21], makes it extremely chal-
lenging to predict the collapse mode of typical aeronautical
composite stiffened panels. At fatigue loading conditions,
the phenomena becomes even more convoluted due to the
interplay between geometric nonlinearities of the response,
the various damage types, and the accumulation of cyclic
damage. One of the most serious forms of damage in stiff-
ened panels is delamination, especially skin-stringer sepa-
ration, because it is hard to foresee and can spread rapidly
in favourable conditions. After numerous investigations,
it remains unclear how to model interlaminar degradation
in composite structures under fatigue stress. Most exist-
ing numerical approaches treat delamination growth as
a crack propagation problem, and many of these methods
were developed for use with metals. In order to define
experimental data, the Paris law [11] is frequently used to
the relationship between the rate of crack formation and
the variation in energy release rate or the stress intensity
factor across the load cycle. Many alternative numerical
algorithms have been developed over the past few decades
to incorporate the Paris law within the framework of a



Finite Element (FE) analysis. In order to determine the
crack growth rate in accordance with the Paris law, several
authors [22] have utilized the VCCT to determine the ener-
gy release rate. This approach, which has only recently been
implemented in the ABAQUS FE code [23], has shown to
be effective in assessing fatigue-driven delamination at the
coupon level. Cohesive Zone Model (CZM) techniques, on
the other hand, make use of interface features located along
the surface where the fracture is anticipated to form. The
Paris law has recently been incorporated into the cohesive
constitutive model, allowing some authors to extend CZM-
based techniques to simulate degradation due to cyclic
stress. This is because delamination in composite laminates
subjected to static or impact pressures has been frequently
simulated using CZM-based techniques [24]. The so-called
“envelope load method” is commonly used to apply VCCT
and CZM approaches in crack propagation simulation un-
der constant amplitude fatigue loading circumstances.

However, the Virtual Crack Closure Technique
(VCCT) [25] is one example of a numerical approach that
originates in fracture mechanics and relies on the direct
application of the Paris law in tandem with a methodology
for the estimation of the energy release rate. This method,
first created to model the spread of delamination under qua-
si-static loads, is now incorporated into a number of widely
used FE software packages. The orthogonality problem be-
tween the crack front and the structural mesh, as well as the
difficulties of simulating the bi-material interface, have both
been identified and addressed by numerous researchers in a
wide variety of works [26]. Although this method currently
provides a workable option for simulating fatigue crack prop-
agation in structural components, it has severe limitations
when dealing with fatigue delamination challenges and
requires an initial damage. The goal of this study is to use
the recently adopted VCCT based approach in the FE Code
ABAQUS to analyze the delamination growth behaviour
of a composite single-stringer specimen subjected to cyclic
stress in the postbuckling regime. In this investigation,
the behaviour of large multi-stringer panels, such as those
present in aircraft fuselage constructions, is mimicked using
a Single-Stringer Compression (SSC) specimen that was
created and validated in [27]. The coupon specimen level of
the building block approach commonly used for aerospace
composite constructions and the large multi-stringer stiff-
ened panel level both accommodate the specimen. The SSC
specimen is small and cheap to manufacture, but its complex
framework is comparable to that of multistringer panels.

All this allows to assert that it is expedient to conduct
a study on research utilizing numerical analysis have been
evaluated in order to investigate the mechanical behaviour
of the composite structure of the Single-Stringer structure
utilizing an approach that is regarded as being quasi static.

3. The aim and objectives of the study

The aim of the study is to determination the mechanical
behavior of the composite single-stringer structure based on
the quasi-static method.

To achieve this aim, the following objectives are required:

— to calculate total deflection based on the quasi-static
method;

—to calculate directional deflection based on the qua-
si-static method;

— to measure the value of von Mises stress;
— to investigate the influence of shear stresses.

4. Materials and methods

4. 1. Object and hypothesis of the study

Object of the study is fatigue value the composite Sin-
gle-Stringer structure’s.

The GoodMan concept has been taken into account in
the computations that have been done as part of this investi-
gation. In order to carry out the simulation technique, which
is dependent on the static structural modelling, the software
known as ANSYS has been utilized.

4. 2. Physical and mechanical properties of the com-
posite Single-Stringer structure

The surface is constructed out of 8 unidirectional plies
of carbon-epoxy IM7/8552 with a quasi-isotropic layup,
while the stringer is constructed out of 7 plies with a layup.
Even though the material system is the same as that of the
MMB specimen that was examined in the previous section,
the properties that were reported in [21] and those that were
shown in Table 1are slightly different from one another. This
numerical simulation uses the material properties that are
outlined in Table 1.

Table 1

Physical and mechanical properties of the composite Single-
Stringer structure

Property Value Unit

Modules Modulus of Elasticity 44 MPa
Density 2.2 (g/cm?)
Passion ratio 0.32 Unitless

Physical and mechanical properties of the composite
Single-Stringer structure have been calculated to be used as
a primary boundary condition accordingly.

4. 3. Geometry and mesh

The geometry of the single plate has been performed
and investigated statistically using AutoCAD software. The
middle section is separated from the rest of the plain section.

ANSYS Mesh generation was used to complete the mesh-
ing process for this particular problem. Mesh generation reduc-
es the number of particles in a model from an indefinitely large
number to one that is more manageable. In order to get reliable
results, a fine mesh was developed using a predefined grid lay-
out. This allowed for the production of the mesh. By carefully
controlling the size of the curvature with a coarse mesh and
the element size with face meshing, we were able to get the
desired outcome of a tiny mesh. This made it possible to get the
desired result of a tiny mesh. The formation of binary nodes for
the wedge across all of its zones has resulted in a grand total
of 553345 binary nodes. Illustration of this form of mesh in a
two-dimensional environment is shown in Fig. 1. Given the
symmetry of the 3D wedge, this is the only aspect of the model
that has been worked on and modeled so far. This is due to the
serendipitous discovery of the symmetry of the 3D wedge. The
authors of this work employed wedge boundary conditions,
symmetric boundary conditions, and far field boundary condi-
tions in their research. These constraints emerged from mining
the model for edges to employ in the selection procedure.
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Fig. 1. Meshed model of the composite single-stringer structure

4. 4. Convergence process
In the study conducted that has been carried
out, the total deformation has been taken into

consideration as the key indicator for the conver- 120000
gence technique of the composite single stranger
plate. Convergence process was carried out as a 100000
part of an attempt that was being made to gain a
better understanding of the convergence method. 8 80000
To the point when it converges on a deflection 2
of 3.32e5 mm, the mesh that represents the existing Z 60000
geometry has been refined to the point where it can
now accurately describe the geometry. Fig. 2 shows 40000
that the minimal amount of deviation required for

20000

convergence is 2.9e5. This can be seen by looking
at the graph. The Fig. demonstrates this point quite
clearly. Following the successful completion of that
multi-step procedure, the von Mises stress, shear
stresses, and any other relevant parameters can be
applied in the manner that is most appropriate.

The analysis of the nodes and elements has also been ex-
plained, and it can be shown in Fig. 3. There are three different
approaches that have been tested in order to find the optimum
combination of elements and nodes. The current iteration of the
simulation procedure has been carried out while taking into
consideration the third option. The point at which the total
number of elements reached 69294.
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Fig. 2. Convergence process of the current study

The nodes and elements of the mesh have been deter-
mined with the help of the statistics of the mesh. In order to

complete the simulation procedure, three distinct solutions
have been computerized and analyzed.
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Fig. 3. Elements and nodes with final solutions

5. Results of the investigation of the mechanical behavior
of the composite single-stringer structure based on the
quasi-static method

5. 1. Total deflection based on the quasi-static method

The quasi-static method was utilized in order to analyze
the whole deflection that was produced by the 13.7 KN load
that was supplied to the single stringer plate during the re-
search process. The absolute maximum, as determined by the
outcomes of the computer simulation, is 0.0147 millimeters.
The explanation that was supplied by the simulation revealed
that the edge of the plate that is parallel to the horizontal
plane is the location of the maximum deflection that occurs as
shown in Fig. 4, a, b.

Only the effect of the force on the plate as measured
in terms of its deflection is shown in Fig. 5. The location
at which it is believed that the XZ plane is displayed. The
findings of the numerical analysis showed that the Sin-
gle-Stringer structure exhibited the greatest amount of de-
flection in response to the applied loads along the horizontal
border of the plate as well as in the central portion of the
plate. Fig. 5 shows the iso lines of the deflection distribution
based on the applied load.

According to the findings of the Total deformation study,
the only part of the composite Single-Stringer construction
that has been investigated is the plate. 0.0147 mm is where
the greatest value of total deformation can be found.
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Fig. 4. Total deformation of the composite Single-Stringer structure due to the applied load:
a — graphical explanation; b — isoline explanation
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Fig. 5. Total deformation of the only plates of the composite
Single-Stringer structure
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5. 2. Directional deflection

Fig. 6 illustrates the directional deflection that occurs in
each of the three directions as a result of the 13.7 KN of force
that is applied. This deflection can be observed as a result of
the application of the force. It was anticipated that both the
maximum value for the deflection in the direction Z and the
maximum value for the deflection in the direction X would
be 0.0091 mm, and we have already reached the maximum
value for the deflection in the direction Y. As a consequence
of this, three curves were utilized in order to explain the
deflectional behaviour of the composite Single-Stringer
structure in a quasi-static approach.

Calculations of deformation have been done in all
three directions (x, y, and z). According to the findings,
the highest possible value of deformation was seen in the
Y direction.
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0

—— Def X
——DefY
——DefZ

Deflection (mm)

0 5 10 15
Loads (KN)

Fig. 6. Directional deflection respected in all directions

5. 2. 1. Directional deflection at X

The graphical illustration of the deformation as seen
from the X direction is displayed in Fig. 7. The greatest load
that may be applied is 13.7 kN. This force has been exerted
in a vertical direction while maintaining its consistency. The
simulation was carried out utilizing the static structural tool
that is included in the Ansys R1 version. It was done so in
accordance with the global coordinate system (GCS). Ac-
cording to the process of simulation, the highest amount of
plate deflection in the X direction has reached 0.001985 mm
in the middle of the plate, while the minimum amount of
plate deflection has reached —0.00199 mm at the plate’s
edge. Fig. 7, a, b illustrates the location of the plate’s deflec-
tion as well as the effect that the applied forces have on the
plate. The effect of the deformation is depicted as an isoline
in Fig. 7 so that it may be explained and understood, and the
particular location of the areas that have been deflected is
made obvious.

A

0 3.5e+03 7e+03 (mm) Z
]

—
1.75¢+03

5.25¢+03

i

A

0 3.5e+03 e +03 (mm) 2
)

-
1.75e+03

5.25e+03

b

Fig. 7. show directional deformation at X direction:
a — isoline explanation ; b — graphical explanation




5. 2. 2. Directional deflection at Y

Fig.8 is a graphic representation of the deformation
along the Yaxis. A maximum force of 13.7 kN can be exerted.
All along, this force has been consistently applied vertically.
For this simulation, let’s use the static structural tool in An-
sys R1. And it was all done using the international system of
coordinates (GCS). The simulation method shows that the
plate has deflected an extreme 0.0143 mm in the X direction
at the plate’s center and a minimum of —0.00199 mm at the
plate’s periphery. Deformation of the plate and its relation-
ship to the applied forces is shown graphically in Fig. 8 (AB).
In order to better explain and comprehend the effect of the
deformation, the isoline displayed in Fig. 8 has been drawn
to highlight the precise location of the portions that have
been deflected.

A

0 3.5e+03 7e+03 (mm) 2
]

1.75e+03

5.25e+03

i

A

Te+03 (mm) 2
]

0 3.5e+03

-
1.75e+03 5.25e+03

b

Fig. 8 Shows directional deformation at the Y direction :
a — isoline explanation; b — graphical explanation

5. 2. 3. Directional deflection at Z

Fig. 9 shows a graphic display of the deformation as
seen in the Z direction. There is a maximum allowable
force of 13.7 kN. This consistent force has been consis-
tently applied in a vertical direction. Static structural
tool in Ansys R1 was used to run the simulation. These
adjustments were made using the universal reference
frame (GCS). Calculations show that the maximum X-ax-
is deflection of the plate is 0.00197 mm at its center and
the minimum is —0.00199 mm at its periphery. The loca-
tion of the plate’s deflection and the effect of the applied
forces are shown graphically in Fig. 9, a, b. Deformed
areas and their new positions are clearly shown in Fig. 9
as an isoline, making the effect of the deformation easier
to describe and comprehend.

The results of the simulation led to the conclusion that
the directions of deformation in three different directions
should be considered correspondingly.
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Fig. 9 Show directional deformation at Z direction:
a — isoline explanation ; b — graphical explanation

5. 3. Criterion of von Mises stress

A graphical representation of the effect that von Mises
stresses have on the Single-Stringer structure may be found
in Fig. 10. The equivalent von Mises stresses concentrate
on the middle section of the structure, which is why that
section deflects less than the rest of the structure because
of the geometry. According to the results of the simulation,
the shear stress is substantially higher near the edge of the
structure’s core portion than it is in any other region of the
structure. This is the location within the structure that
has been identified as having the highest shear stress. The
current location of the camera in relation to the XZ plane in
terms of the global coordinate system. The highest value of
stress, which was 51.9 M Pa, was finally reached as a result of
the static load of 13.7 kN that was applied to the specimen.

Fig. 11 illustrates how the comparable von mises stress
acts on a single stringer plate as a result of the applied static
loads represented as isolines. Isolines have the ability to
clearly depict how the load is distributed throughout the
plate.
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Fig. 10. von Mises stresses on the plate
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Fig. 11. Isoline illustration of von Mises stresses on the plate

The isoline illustration of von Mises stresses on the plate
has been shown so that the location of the stress that has
occurred as a result of the applied load may be identified.

5. 4. The influence of shear stresses

The forces that were provided as a basis for the calcula-
tions and studies that were carried out as illustrated in Fig. 12
have been used for the calculations and studies that have been
carried out regarding the effects of shear stresses. A maximum
static load of 13.7 KN has been applied, when it has been
applied, to the Single-Stringer construction. This load has
been applied continuously all the way through the duration of
the construction. In the current investigation, the necessary
steps have been made to explore the shear stresses that were
discovered to be the result of the load in three separate planes.
This was done so that conclusions can be drawn on the shear
stresses. To this point, there have been a total of three distinct
stages of performance that have been looked into (XY, XZ, and
ZY). According to the conclusions of the numerical analysis,
the shear stress that was applied to the XY plane reached a
maximum of 15 MPa, whilst the shear stress that was applied
to the XZ plane reached a maximum of 9.8 MPa. Both planes
were subjected to the same amount of stress. It has reached
1.5 MPa for the plane YZ, despite the fact that the load that is
being applied has not changed.

Fig. 13 provides a graphical illustration of the impact
that shear stress has on the Single-Stringer structure. This
information may be found in the above-mentioned docu-
ment. The findings of the simulation indicated that the edge
of the structure’s core portion is the location within the
structure where the shear stress is significantly higher than
in any other part of the structure. The current position of
view with respect to the XZ plane in connection with the
global coordinate system. Because of the load of 13.7 kN that
was placed on the specimen, the maximum value of stress,
which was 9.7 MPa, was finally accomplished.

In Fig. 14, it is possible to see a visual representation of
the effect that shear stress has on the Single-Stringer model.
Read the aforementioned report for further details. Accord-
ing to the results of the simulation, shear stress is greatest at
the structure’s core’s outside edge. Where it is looking now
in relation to the YZ plane of the world’s coordinate system.
The portion of the structure that is closest to the shear plane
is experiencing the greatest amount of stress. The greatest
value of stress, 9.7 MPa, was reached after the specimen was
subjected to a load of 13.7 kN.

The influence of shear stress on the Single-Stringer
model is depicted graphically in Fig. 15. For additional infor-
mation, please refer to the previously linked report. The sim-
ulation concluded that the outer edge of the core structure

experienced the most shear stress. Position in the YX plane
of the world’s coordinate system at the present moment. The
stress is highest in the region of the structure that is nearest
the shear plane. After the specimen was loaded with 13.7 kN,
the maximum stress reached 15.7 MPa.
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Fig. 12. Shear stress value in all planes
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Fig. 13. shear stresses in the XZ plane
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Findings the simulation procedure has been carried out
to illustrate the shear stress in three planes, and it has shown
where the maximum stress is present and in which plane it
is located.

6. Discussion of the investigation of the mechanical
behavior of the composite single-stringer structure based
on the quasi-static method

The current findings provided an explanation for the
mechanical performance of the composite single-stringer
construction using the quasi-static approach and the finite
element method to model the static load. In order to evalu-
ate the mechanical performance of the construction, finite
element methods have been created, and the Ansys software
will be used to complete the investigations.

The present numerical study of the mechanical be-
haviour of the composite single-stringer structure based on
the quasi-static method has been validated using an experi-
mental analysis that was carried out utilizing the apparatus
that is typically used in laboratories [1].

The numerical findings of this study have been validated
by examining how they stack up against the results of an
earlier investigation. The corresponding elastic stress was
determined by using a technique that involved a static load
that remained constant. When calculating directed defor-
mation along the X, Y, and Z axes, the findings show that the
equivalent elastic stress can reach a maximum of 51.9 MPa,
which is deemed to be fairly high (Fig. 10, 11). calculated
along X, Y, and Z dimensions simultaneously. The calculations
show that the Z-axis was subjected to the greatest amount of
strain, with a value of 0.001985 mm. The total deformations
along the Y-axis are 0.0143 mm, and along the X-axis, they are
0.00197 mm. The findings are presented in Fig. 6.

According to the findings of this investigation, the com-
posite prosthetic keel experienced a total deformation when
subjected to a static load. The findings of the simulation show
that the maximum amount of overall deformation that can
occur is 0.00058 mm, which is the minimum value that can be
achieved. Calculations are made to determine the equivalent
stress, or von Mises, that the static load places on the composite
prosthetic keel. The findings of the inquiry into comparable
elastic strain are presented graphically in Fig. 11. The results
of the simulation are depicted in Fig. 12, and they indicate that
the highest possible value of equivalent stress is 0.045 MPa.

As was said before, the key issue is that the numerical
research of the mechanical performance of the composite
prosthetic keel based on the static load has not been finished.
This is the root of the majority of the problems. The modelling
of this system, which helps to solve a real problem in the me-
chanical performance of a composite single-stringer structure,
makes use of the boundary conditions that have been stated
as their basis. The scope of this study is limited to a static load

range of 13.7kN and a certain kind of mesh configuration.
The results of the numerical analysis that were taken into
consideration are presented in excruciatingly minute detail.

There are a great number of drawbacks to consider, the
most notable of which are as follows: The engineering mod-
el’s mesh has room for improvement, as is currently the case.

In addition to that, an error percentage has been calculat-
ed as a result of contrasting the findings of this study with the
data from the experiments. During the course of this study, a
mechanism for a composite prosthetic knee was created and
then subjected to numerical testing. The most challenging
issue has been overcoming the challenges presented by con-
figuring the software to accept realistic boundary limitations.
There are additional restrictions, such as the manner in which
new things should be defined for the program’s database.

7. Conclusions

1. Total deformation of the composite single-stringer
structure due to static load has been calculated. The simula-
tion results show that the maximum value of overall defor-
mation is 0.0147 mm.

2. Directional deformation has been calculated in three
axes (X, Y and Z). The numerical results revealed that the
greatest value of deformation occurred along the Z-axis,
with a value of 0.001985 mm. The total deformation in the
Y-axis is 0.0143 mm, as well as 0.00197 mm in the X-axis.

3. Equivalent stresses (von Mises stress) has been inves-
tigated using the approach with a static load. The maximum
value of the equivalent elastic stress of 51.9 MPa has been
obtained, which is considered quite high.

4. Shear stresses in three planes have been calculated,
and the numerical results have showed that the XY plane has
the highest value of shear stress, which is 15 MPa. This plane
also has the most shear stress.
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