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is investigated numerically. Three main factors were taken into account when
researching the alloy composition of aluminium alloy 7075-T6: life prediction, damage
indicator, and Biaxiliray indexation. A prediction of life expectancy seems to be the
most reliable indication. Experiments have been carried out with the stress totally
inverted as the variable in order to determine whether or not the phenomena of
exhaustion can be described by the theory proposed by GoodMan. It was determined
that the dynamic load of 100 kilonewtons (kN) and 1100 nanometers (Nm) was used
in order to produce estimates for these characteristics. In order to assist us in gaining
a better understanding of these characteristics, it has approximated them by making
use of the dynamic load that was applied. An increase in the main force to 100
kilonewtons would bring the expected lifetime up to 141 cycles, according to the
findings of the computer research. In this regard, the findings of the inquiry provided
evidence. The findings demonstrated that this is really the case. The Biaxiliray
indexation obtained a value of 0.46 when subjected to the same stress conditions. The
numerical results demonstrated that the damage is obvious during the first 10E32
cycles of stress, which is in addition to the research that have been conducted on
damage indicators. These findings were demonstrated not just through theoretical
study of the damage indicator but also via practical numerical data.

1. Introduction

In consideration of two factors—namely, the growing demand for precise residual fatigue life
estimations of aeronautical structures and the implementation of damage tolerance design
concepts—research on fatigue damage onset and propagation under realistic multiaxial fatigue
loading scenarios is becoming an increasingly relevant area of study. It is possible for multiaxiality to
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be caused by a wide variety of factors, such as complicated geometry, residual stresses, fracture
direction, external multiaxial loads, and many others [1,2].

When it comes to the phenomenon of fracture formation under pure mode | and mode Il stress,
there have been a multitude of scientific investigations that have been conducted [3,4]. Mixed-mode
multiaxial fatigue loadings, on the other hand, are the root cause of many component failures.
External loading may be seen in engineering in the form of fractures that originate in the transverse
plane from the surface of a tube shaft and are produced by the combination of bending force and
torsional force [5].

Rotorcraft and fixed-wing aircraft components are also vulnerable to bending-torsional fatigue,
which can manifest over a wide range of stress amplitude ratios. Biaxial strains caused by internal
pressure can also damage pipes, tubes, and pressure vessels. Shear pressures from torque and axial
stresses from bending are the two forms of stresses that may be applied to a vehicle's gearbox shaft
[6,7]. Cracks caused by natural weariness tend to emerge in a mixed-mode fashion in the actual world
[8]. This is because, in less-than-ideal environments, structures and components are often subjected
to complicated multiaxial loads. Anticipating the fracture course or measuring crack growth at
different phases of propagation becomes problematic under mixed-mode settings due to the non-
self-similar propagation of a fatigue crack. The reason behind this is that the crack does not move in
a straight line [8]. Estimating the material's fatigue life and/or tracking the growth of fractures
becomes a laborious and time-consuming task under these conditions. Researching the features of
fatigue damage under such complicated loading situations is crucial for making correct forecasts
about their service life, damage initiation, and fracture development behavior [9].

As a loading condition, uniaxial pressures have been used in the vast majority of research that
have investigated fatigue damage initiation and development [10]. Due to the scarcity of research on
multiaxial loading, most of what little is known has focused on axial-torsion coupling. Experiments on
this connection have used either static loadings or cyclic loadings in combination with each other
[11]. Researchers have not looked at how metals react to fatigue when bending and torsional loads
are applied at the same time very much [12]. To investigate the combined effects of bending and
torsional force, it is likely that [13] was the first to employ a solid steel cylindrical bar. | think this has
to be looked at more. An intricate fixture design was employed to impart stresses, and a single
loading arm was used to transfer the total load to the specimen [14]. To do this, we adjusted the
arm's angle of rotation with respect to the specimen in question. To do this, the loading arm's angle
of orientation might be adjusted. It was for this reason that we were able to separate the applied
force into its bending and twisting components. Using the orientation mismatch as an advantage
allowed this to happen [15].

Multiple authors in the same body of work repeated the first experiment in a setting that was
quite similar to the one used for the following experiments [16,17]. Scientists investigated four
distinct permutations of the 76S-T61 aluminum alloy. AA 6068 and AA 2017A were the subjects of
research in [18-20], respectively, while 18 G2A and 10HNAP were the steel grades utilized. Grades of
steel were utilized by both authors [21,22]. All of these research [23,24] found that the fatigue life or
endurance limit of cylindrical solid specimens could be determined using the stress-life method. Still,
not a single one of the published findings clarified how the examined materials' cracks propagated or
how damage started. Fatigue crack analysis involving mixed mode loading requires both of these
features to be present [25].

Whenever materials are subjected to a combination of bending and torsion stress, there is a
dearth of experimental data about the manner in which damage is begun or the manner in which
cracks spread [26]. According to the findings of [27], who investigated the fatigue behavior of solid
cylindrical Al 6082-T6 under entirely reversed bending-torsion circumstances, fracture initiation takes
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place in mode Il in a location of highest bending stress. This is despite the fact that the crack
propagates under mode | pressures the majority of the time. They arrived to this interpretation as a
result of their examination of the fatigue behavior of the material. When the torque that is applied
is more than one, the surface of the gauge develops an excessive number of fractures that are aligned
with the direction in which the extrusion is occurring. It did not make a difference to these results
whether the loading was in phase or out of phase; the effects were the same in both instances. As
stated by the author [28], who investigated the behavior of minute A533B steel fractures under
inphase and 90° out-of-phase stress, the rate of fracture propagation altered in a linear fashion with
the crack size. The results of his research were published in the journal Materials Science and
Engineering [29].

However, the orientations in which the fractures developed were different depending on
whether the stress was in-phase or 90 degrees out-of-phase. They spread in different directions. In
the plane that was subjected to the maximum shear strain, each and every one of the fractures
started to appear. When the strain level or the ratio of shear to bending strain decreased, the fracture
moved from the plane of highest shear strain to the plane of maximum normal strain with in-phase
loading. This occurred when the fracture was subjected to in-phase loading. On the other hand, the
fracture continued to spread along the plane in which it had been initially positioned even when the
loading was in phase with each other. Because of an in-phase loading, the fracture moved from the
shear strain plane to the normal strain plane from its previous location. Along these same lines, a
number of studies [30] have utilized specimens that had notches attached to them.

According to the authors of [31], fractures occurred and advanced along the lines of highest shear
stress and main stress amplitudes. This was the case. It was via the use of solid round steel bars that
had a semicircular groove around their perimeter that the finding was discovered. For the purpose
of carrying out these observations, the round and substantial steel bars were utilized [32]. In the 90-
degree out-of-phase testing with 0.5, fracture propagation was seen on planes that were oriented
between the planes that had the greatest shear stress amplitude and the planes that had the largest
main stress amplitude [33]. This was done with the intention of determining the direction in which
the fracture was expanding. Research conducted on the fatigue behavior of high-strength steel lateral
notched round bars revealed that the fracture surfaces of the bars had developed a number of cracks
[34].

As the normal stress amplitude was raised, the crack initiation time and crack development rate
were also enhanced. For both fissures, this was true. An important knowledge vacuum regarding the
micromechanisms underlying fatigue fracture remains because the aforementioned studies failed to
adequately investigate the characteristics of crack initiation and propagation behavior under coupled
bending-torsional stress. In addition, specific, complicated test sets were used for all bending-torsion
loading experiments up to this time. The outcome was a less trustworthy load application method
and the inability to achieve uniformity in the testing procedure [35].

As a result, in order to accomplish the objectives of this study, a finite element analysis was
carried out on the aluminum alloy 7075-T6 while it was being subjected to the bending-torsional
variable phase of fatigue loading.

2. Methodology
2.1 Mechanical Properties

In order to meet the requirements of this investigation into bending and torsional fatigue, the

material was acquired in the form of cylindrical bars that were fabricated from the aluminum alloy
7075-T6 (Table 1). In the manufacturing of aircraft structural components, in the car sector, and in a
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variety of other high-strength applications, this alloy is commonly utilized. In order to conduct this
investigation, the material was obtained. According to the material's specifications, the ultimate
tensile strength of the material is reported to be 572 MPa, while the modulus of elasticity of the
material is described as 71.7 GPa. In accordance with the specifications, the material has a yield
strength of 503 MPa. It was agreed upon by the manufacturer that these data would be provided for
the product. In line with the ASTM standard for B211, this material has a Brinell hardness value of
150, and its chemical compositions are in compliance with the standard.

Table 1

Mechanical properties of alloy structure of the aluminum alloy 7075-T6
Modulus of elasticity ~ Ultimate tensile stress Poison ratio Density
(GPa) (MPa) (g/cm?)
71.7 572 0.32 1.95

2.2 Meshing and Geometry of Aluminum Alloy 7075-T6

With the assistance of mesh, the meshing technique that was applied to the current circumstance
was carried out. Once an aluminum alloy 7075-T6 has been produced from an unlimited number of
particles, it must next go through the meshing process in order to be considered complete. This action
is taken in order to bring the total number of particles down to a level that is more controllable inside
the system. For the purpose of obtaining findings that could be depended upon, a very small mesh
was constructed by making use of a grid structure that had been established. The manufacturing of
the mesh was made possible as a result of this issue. By combining a combination of curvature size
with a coarse mesh and element size with face meshing, we were able to achieve the desired
outcome of a tiny mesh. This was accomplished with the aid of sizing management. With the help of
this integrated strategy, we were able to arrive at the intended conclusion. As a direct result of this,
it was feasible to produce the tiny mesh that was necessary. The creation of binary nodes for the
wedge in each and every one of its zones has resulted in the computation of a grand total of 46577
binary nodes. This is the result of the construction of binary nodes.

Figure 1 is an illustration of the type of mesh that may be found in a place that only has two
dimensions. The symmetry of the aluminum alloy 7075-T6 that has been produced up to this point is
the single trait that distinguishes the aluminum alloy 7075-T6 that has been generated up to this
point. Because of the symmetric nature of the three-dimensional wedge, this is the case. The reason
behind this is that the symmetry of the three-dimensional wedge was discovered by coincidence,
which is the rationale behind this scenario. There are three distinct types of boundary conditions that
were applied by the authors of this study during the whole of their inquiry.

Q 0.0025 0.005 {rv)
1

0.0013 Q.0037

Fig. 1. Meshed alloy of AA2024-T of the AA2024-T4
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2.3 Boundary Conditions

This examination included a monotonic fatigue test, which was carried out at several points along
the process. In order to achieve the desired level of pressure, a combination of 110 kilonewtons (kN)
and 1100 newton metres (newton metres) was employed. For the objective of this inquiry, fatigue
tests were carried out by utilizing a method that was created from a prosthetic model that was used
in the actual world. Specimens were loaded concurrently while bending-torsion stress was being
applied to them throughout the experiment [14]. An aluminum alloy 7075-T6 was used in the
construction of a sample that was subjected to fatigue testing over the course of this investigation.

2.4 Convergence Analysis

The strategy that has been selected to be employed in the empirical investigation that has been
carried out regarding the link is referred to as a convergence test on the part of the researchers. The
decision to go with this approach was made since, it was regarded to be the most suitable option.
The research that was indicated before has now been completed as shown in Figure 2. This decision
was made. Following significant deliberation and reaching an agreement, this conclusion was brought
about. It was determined that this plan would be implemented. It was via the employment of the
consensus technique that this outcome was finally achieved. All of the steps involved in achieving
convergence have been completed, and the process is now considered to be concluded. The
achievement of this goal was achieved by taking into consideration two different possibilities. As a
consequence of this, it may be concluded that convergence has been achieved. When we started the
process of counting cycles for the first answer, we found that there were 1.4 millimeters worth of
them there. This was the first thing that we noticed.

1.4063 -

1.4002

Total Deformation [m)

1.4007 —

1.409

Solution Number

Fig. 2. Convergence analysis of the alloy of Al-7075

3. Results
3.1 Life Predictions

We expected that fatigue spacemen constructed from Al-7075 Alloy would continue to execute
their tasks for a specific length of time after being subjected to a changing stress. This hypothesis was
developed for the aim of this inquiry. Research was conducted to evaluate the prediction of longevity.
This study was carried out as a consequence of the application of a torsional stress in addition to a
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fatigue load of 110 KN. The findings of this inquiry are provided in Figure 3, as can be seen in the
figure of results.

Throughout the length of the simulation session, the Static structural tool in the ANSYS program
was consistently engaged. This tool may be accessed inside the application. According to the findings
of computational studies, the specimen of the Al-7075 alloy structure that has been reinforced with
kenaf particles has demonstrated the capacity to withstand stresses of up to about one e6 cycles. In

light of this fact, it is strongly suggested that the existing analysis be rendered incorrect at some point
during the 141st cycle.

D: Static Structural r\ '"']Q.;*-" IS
Life LAE

Typei Life

5/13/2023 12:26 PM

14.64 Max.
14,184
14164
014164
0.014164
0.0014164
0.00014164
1.4164e-5
1.4184e-6

0 Min

Fig. 3. Life prediction of the current geometry

3.2 Biaxiliray Indexation

The biaxiality suggestion in the current investigation sheds light on both the stress condition that
was experienced over the Al-7075 alloy as well as the manner in which the data ought to be
interpreted. This information is also included in the biaxiality indicator, in addition to the findings
that were obtained.

In this particular instance, the biaxiality indicator is discovered by disregarding the main stress
that is the closest to zero in magnitude and dividing the principal stress that has a greater magnitude
by the principal stress that has a smaller size. To put it another way, the computation does not take
into account the primary stress of the smallest size. By doing this particular calculation, it is possible
to determine whether or not the material is biaxial. In the same way that uniaxial stress operates in
just one direction, unidirectional stress, which is also frequently referred to as uniaxial stress, follows
the same pattern. The biaxiality indicator reached a value of 1 when the alternative load of 110 KN
was applied to the system. There has been a change in the value of the biaxiality indicator, which is
now 0.4308. As can be seen in Figure 4, the results of the simulation demonstrated that the biaxiality

signal at the tips was the most significant that was occurring. All of this was demonstrated to us by
the simulation.

n
D; Static Structural n
Biaxiality Indication
Tyepe: Biaxiality Indication
5/13/2023 12:23 Ph

0.43631 Max
0.27672
011713
-0.042458
-0.20205
-0.36164
-0.52123
-0.68082
-0.84041
-1Min

[ 0.0025 0.005 (m)
1

0.0013 0.0037

Fig. 4. Biaxiliray indexation due to the applied load
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3.3 Damage Predictions

Figure 5, which depicts the possibility that the structure may experience damage as a result of
loading, is an illustration of this concept. As a result of this, it has been demonstrated that the
likelihood that this is a reality is true. It has been determined that specimens have been loaded with
a force that is comparable to 110 key moments (KN) in order to complete the computational
examination of the Al-7075 alloy that was utilized in the 3D fatigue spacemen. Therefore, it is up to
them to share the responsibility of bearing the weight of this commitment. 10E32 is the lowest
number of cycles that must be completed before the maximum damage potential is attained, and
the maximum number of cycles that must be completed in order to obtain the maximum damage
potential is also 10E32. However, the minimum number of cycles that must be completed is 10E32.
Both of these figures are in conformity with the highest harm potential that may be occurring.

D: Static Structural n NSVS
Darmage rALLE

e —
51320231226 M

1e+32 Max
1.6048=+23
2.5754e+26
413316 +23
6.6320:+20
1.0845e +18
1.7082e+15
2.7414e+12
430053
1.0603e6 Min

Q 0.0025 0,005 (m})
1

0.0013 0.0037

Fig. 5. Damage explanation due to the applied load
3.4 Equivalent Alternative Stress

The portions of the alloy specimens that were subjected to stress as a result of the simulated 110
KN force have been identified. Through the identification of the particular places in concern, the
outcomes of the simulation have made this a feasible possibility. Over the entirety of the material
being evaluated, the strain is applied in a consistent manner along a single axis. Consequently, this
ensures that the pressure is administered in a consistent manner. The fillet of the alloy fatigue sample
was subjected to alternating stresses that were focused at its body. There, these pressures were
particularly noticeable and pronounced. Following the completion of the study, it was determined
that the fillet sections of the specimen were subjected to a maximum alternative stress of 318.78
MPa. This pricing was determined as a result of the investigation that was conducted. The alternate
stress that is considered to be the lowest acceptable level is 318 MPa, as shown in Figure 6.

D: Static Structural r\ L']a;:'-.k s
Equivalent Alterhating Stress L.

Tyrpe: Equivalent Alternating Stress
Unit: Pa

5/13/2023 12:22 PM

3.1878e+12 Max
2.8343e +12
2.4807e +12
2.127e+12
1.7735e +12
14199 +12
1.0664: +12
TA277e+11
3.501% +11
5.61e9 Min

by

g 0.0025 0.005 ()
]

0.0013 0.0037

Fig. 6. Numerical results of Equivalent alternative stress
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4, Conclusions

An investigation of the fatigue behavior of the alloy structure of the aluminum alloy 7075-T6 is
carried out with the assistance of numerical analysis. During the course of the research that was
carried out on the composition of the aluminum alloy 7075-T6, the three most important factors that
were taken into consideration were life prediction, damage indicator, and Biaxiliray indexation. The
prediction of the life expectancy was the only other metric that was more accurate than the one that
was used originally. For the purpose of determining whether or not the phenomenon of weariness
can be represented by the idea that was provided by Goodman, experiments have been carried out
in which the stress has been fully reversed as the variable. The application of a dynamic load with a
magnitude of 100 kilonewtons (kN) and 1100 nanometers (Nm) led to the creation of estimations for
these parameters. This was accomplished by applying the load. They were estimated by making use
of the dynamic load that was applied in order to get a more in-depth understanding of the
characteristics that they possessed.

After doing the study on the computer, it was found that increasing the primary force to 100 KN
would lead to an increase in the predicted lifetime to 141 cycles. This was calculated based on the
findings of the research. This claim was provided with evidentiary backing by the findings of the
investigation that ended up being conducted. Taking into consideration all of these facts, this
assertion was comprehensively supported. The value of the biaxiliray indexation reached 0.46 when
it was subjected to the identical stress conditions as it had been before. Additionally, the research
that explored damage indicators indicated that the damage is obvious during the first 1032 cycles
that the material is subjected to while it is under stress. This was proved by the numerical data. This
was not only established via the theoretical analysis of the damage indicator, but it was also
demonstrated through the statistical data that was really collected.
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