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Abstract - This research focuses on the deformation and stress responses of five materials—Structural Steel, Chrome Steel AlSI
5200, Aluminum Alloy, Brass C3700, and Cast Iron EN GJL100—under varying pressure conditions utilizing Finite Element
Analysis (FEA). The study aims to provide a comprehensive understanding of how these materials behave when subjected to
different levels of pressure, specifically at 50, 60, 70, 80, and 90 MPa. The results indicate that Brass C3700 consistently exhibits
the highest tensile stress resistance, making it highly suitable for applications that demand superior strength and durability.
Aluminum Alloy also shows significant tensile strength, performing well under increased loads, which highlights its potential
for high-stress applications. Structural Steel and Chrome Steel AISI 5200 demonstrate similar performance trends, maintaining
moderate stress levels and exhibiting predictable behavior under varying pressure conditions. These materials offer reliable
performance and are suitable for applications where moderate stress resistance is sufficient. Cast Iron EN GJL100, while
showing moderate tensile stress resistance, aligns closely with the steel materials and provides a balance of strength and
predictability, making it a viable option for various industrial applications. The use of computational simulation tools, such as
FEA, proves invaluable in this research. These tools enable the simulation and investigation of deformation and stress responses
under various load conditions, providing detailed insights into material behavior before actual implementation. This capability
allows engineers to make informed decisions regarding material selection, optimizing material usage and enhancing the
reliability and safety of engineering designs. The findings from this study offer valuable guidance for material selection in
industrial applications, ensuring that materials are chosen based on their performance characteristics under operational
conditions.

Keywords - Finite Element Analysis (FEA), Material deformation, Stress response, Structural steel, Chrome steel AlSI 5200,
Aluminum alloy, Brass C3700, Cast Iron EN GJL100, Material selection.
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industrial giants to high-precision aerospace systems, their
reliable performance is paramount [1].

However, a persistent challenge in engineering design e Outer Diameter
lies in accurately predicting the fatigue life of these bearings,
which is heavily influenced by repeated cycles of stress [2].

Precise prediction is crucial for preventing unexpected )
failures, minimizing maintenance costs, and ensuring the Fig. 1(a) Discretization of bearing parts F.E.A.
safety and reliability of entire mechanical systems [3].
Figure 1(a) represents discretization of bearing parts. By
In recent years, Finite Element Analysis (FEA) has simulating static, dynamic, and fatigue stresses, FEA offers
emerged as an influential tool for investigating the behaviour invaluable insights into the deformation, stress distribution,
of ball bearings under various loading conditions [4]. and potential failure points within the intricate geometries of
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these bearings [5, 6]. This research investigates the
application of advanced FEA methodologies to predict the
fatigue life of SKF ball bearings, a leading manufacturer
renowned for their high-quality bearing solutions [7].

The core of this study focuses on the performance of
various engineering materials traditionally employed in
bearing construction, specifically exploring the behaviour of
stainless steel and its alloys [1]. FEA simulations will be
conducted on these materials under a range of static and
dynamic loading conditions to elucidate their impact on
bearing fatigue life [8, 9]. By strategically integrating FEA
results with experimental data, this research aims to refine the
accuracy of fatigue life predictions and pave the way for the
development of more durable and efficient bearing designs
[10, 11]. This research draws inspiration and methodologies
from a wealth of existing literature and pioneered the
application of FEA for fatigue life prediction in ball bearings,
establishing a valuable foundation for further exploration [12].
The researcher provided a comprehensive review of fault
modeling and predictive health monitoring techniques for
rolling element bearings, offering valuable insights into
potential failure mechanisms [13]. The author specifically
addressed the fatigue analysis of ball bearings employed in
demanding aerospace applications, highlighting the critical
role of FEA in such endeavours [14]. The author emphasized
the importance of advanced computational tools like FEA in
predicting the fatigue life of bearing systems, underscoring the
methodology's effectiveness [15]. Further explored the
application of FEA in analysing the stress and fatigue behavior
of ball bearings subjected to variable loading conditions,
demonstrating the versatility of the technique [16]. Another
researcher successfully employed FEA methods to estimate
the fatigue life of roller bearings, providing valuable insights
transferable to ball bearings [17]. Utilized FEA to investigate
the deformation and stress distribution within bearings under
dynamic loading, further solidifying the methodology's role in
bearing analysis [18]. Conducted FEA simulations to analyse
contact stress and fatigue life in high-speed ball bearings,
highlighting the importance of considering bearing operating
speeds [19]. Presented a computational approach using FEA
for fatigue life prediction of wind turbine bearings,
showcasing the applicability of the technique across diverse
industrial sectors [20].

2. Literature Review and Gaps

The prediction of fatigue life in ball bearings using Finite
Element Analysis (FEA) is a critical area of research due to
its direct impact on the reliability and maintenance of
mechanical systems. By simulating stress distributions under
operational conditions, FEA enables engineers to anticipate
potential failure points and optimize maintenance schedules.
However, current studies often fall short in providing
detailed analyses across a broad range of materials and
loading scenarios, highlighting a gap that this research seeks
to address. The refinement of FEA models to better simulate
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material behaviors under varying conditions is essential for
producing more accurate and universally applicable
predictions.

In addition to fatigue life prediction, integrating FEA
with predictive maintenance strategies is increasingly
recognized as pivotal for extending the lifespan of rolling
element bearings. The challenge lies in effectively
combining real-time data with FEA models to allow for
continuous health monitoring. Despite advancements, there
remains a significant need for seamless integration of data
streams to improve diagnostic accuracy and optimize
maintenance. This gap underscores the importance of
developing advanced predictive tools capable of real-time
failure prevention, particularly in complex environments like
aerospace, where precise fatigue analysis under dynamic
loading conditions is crucial for ensuring safety and
reliability.

2.1. Fatigue Life Prediction of Ball Bearings

The research focused on predicting the fatigue life of ball
bearings using Finite Element Analysis (FEA), which aims
to enhance reliability in mechanical systems. By analyzing
stress distributions under operational conditions [1][11],
researchers seek to provide accurate predictions crucial for
maintenance planning and component lifespan optimization.
However, existing studies highlight a need for more detailed
analyses of stress distributions across varying materials
[1][11]. This gap underscores the importance of refining FEA
models to better simulate material behaviors under different
loading conditions, ensuring robust predictions applicable to
diverse industrial contexts.

2.2. Rolling Element Bearing Fault Modelling and
Predictive Health Monitoring

Integrating FEA with predictive maintenance strategies is
pivotal for prolonging the lifespan of rolling element bearings
[2][12]. This research objective addresses the challenge of
effectively integrating real-time data with FEA models to
enable continuous health monitoring [2][12]. Current studies
emphasize the necessity for seamless integration of data
streams to enhance diagnostic accuracy and optimize
maintenance schedules. This integration gap motivates
researchers to develop advanced predictive tools that can
efficiently predict and prevent bearing failures in real-time
scenarios.

2.3. Fatigue Analysis of Ball Bearings in Aerospace
Applications

The fatigue analysis of ball bearings in aerospace
applications using FEA is critical due to the complex loading
conditions involved [3][18]. This objective seeks to refine
FEA models for more precise simulations of aerospace-
specific loading conditions [3][18]. The existing research
identifies a need for improved modeling techniques that can
accurately represent the dynamic operational environments
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experienced by aerospace bearings. Addressing this gap is
crucial for enhancing the reliability and safety of aerospace
systems through more accurate fatigue life predictions.

2.4. Advanced Computational Tools for Fatigue Life
Prediction of Bearing Systems

Efforts to incorporate various loading conditions and
material properties into FEA models aim to advance the
accuracy of fatigue life predictions [4][24]. This objective
highlights a significant gap in current research—the need for
extensive validation of FEA models against experimental data
[4][24]. By validating models more comprehensively,
researchers can enhance the reliability of predictions and
facilitate better decision-making in bearing system design and
maintenance strategies.

2.5. Stress and Fatigue Analysis of Ball Bearings under
Variable Loading Conditions

Investigating stress and fatigue life under variable
loading conditions using FEA is crucial for understanding
bearing performance in dynamic environments [5][7][8].
This objective addresses the need for more dynamic analysis
techniques capable of simulating diverse variable loads
[51[71[8]. Current research emphasizes the importance of
capturing complex stress responses accurately to improve the
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durability and efficiency of ball bearings across various
industrial applications.

2.5.1. Ball Bearings and their Loading Boundary Conditions

Ball bearings are crucial components in mechanical
systems, tasked with reducing friction and facilitating smooth
rotational motion. Understanding their loading boundary
conditions is essential both in practical applications and in
Finite Element Analysis (FEA) simulations.

2.6. Research Gap and Problem Definition

While finite element analysis (FEA) has significantly
advanced the prediction of ball bearing fatigue life, current
studies reveal a critical need for more detailed analyses across
varying materials and loading conditions. Existing models
often lack the accuracy required to simulate the complex
behaviors of materials under dynamic operational
environments, particularly in high-stakes applications and
many industrial practices. The integration of real-time data
with FEA for predictive maintenance remains underexplored,
limiting the ability to monitor and prevent failures
continuously. This research seeks to address these gaps by
refining FEA models to more accurately predict fatigue life,
incorporating diverse material properties.
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3. Methodology and Simulation Setup

In practical applications, ball bearings experience varying
loading conditions depending on their use. The primary types
of loads encountered include:
Radial Loads: These loads act perpendicular to the shaft's
axis, exerting force from the side. Radial loads are common
in applications where the bearing supports rotational shafts
that carry weight or transmit force through a pulley or gear.
Axial Loads: Axial loads act parallel to the shaft's axis,
either pushing or pulling the shaft along its length. This type
of load is prevalent in applications involving thrust or axial
movements, such as in gearboxes or axial fans.
Combined Loads: Bearings often experience combinations
of radial and axial loads simultaneously. These conditions
require bearings to handle both types of forces concurrently,
affecting their fatigue life and performance.

Figure 1(b) represents the methodology of the present
study.

This Research Study analyses the failure of a ball bearing
under axial load conditions using Finite Element Analysis
(FEA). The process begins with defining the objective,
gathering input data, and selecting materials such as Structural
Steel, Chrome Steel, Aluminum Alloy, Brass, and Cast Iron.
The geometry is created and meshed in ANSYS, followed by
defining material properties and applying boundary
conditions. The model is then tested under various load and
Material Property conditions, with results such as total
deformation, equivalent stress, maximum principal stress, and
the factor of safety being analyzed. The findings are validated
through comparison with literature and experimental
observations, leading to a comprehensive understanding of the
bearing's failure modes and performance under different
conditions.

Engineers determine loading conditions by analyzing the
application's requirements, such as the weight to be supported,
rotational speed, and environmental factors like vibration and
shock. Understanding these loads helps in selecting the
appropriate bearing type, size, and material to ensure
longevity and efficiency.

3.1. FEA Perspective

In FEA, accurately modelling loading boundary
conditions is critical for predicting the bearing's performance
and lifespan. Key considerations in FEA simulations include:
Load Magnitude and Direction: FEA models simulate the
actual forces applied to the bearing, considering both
static and dynamic loads over time. This enables
engineers to analyze stress distributions and deformations
within the bearing components.
Boundary Constraints: Constraints define how the
bearing interacts with its surroundings, such as the
housing or shaft. These constraints influence load
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distribution and affect the bearing's operational behavior
under different loading scenarios.

In this research, the boundary conditions were carefully
selected to accurately simulate the real-world operating
conditions of ball bearings used in engineering and industrial
applications. The center coordinate of the bearing was fixed to
represent the mounting constraints typically encountered in
practical settings. This fixation ensures that the bearing's
position remains stable during the analysis, providing a
realistic simulation of how the bearing would behave when
subjected to operational loads. A force load of 50 MPa was
applied uniformly to the bearing, reflecting the high-pressure
environments that these components often endure in various
mechanical systems.

3.2. Material Properties

FEA allows for the simulation of various bearing
materials with different properties like elasticity, strength, and
fatigue resistance. This enables engineers to optimize bearing
designs for specific loading conditions and operational
environments.

By accurately simulating loading boundary conditions in
FEA, engineers can predict the bearing's performance metrics,
such as fatigue life, deformation patterns, and stress
concentrations. This predictive capability aids in design
optimization, reliability assessment, and, ultimately, in
enhancing the operational efficiency and durability of ball
bearings in diverse applications. The materials chosen for this
analysis are commonly used in engineering applications,
making the findings broadly applicable to real-world
scenarios. By applying general boundary conditions that
mirror actual load applications, the study aims to investigate
the material strength and performance of each candidate under
identical conditions. This approach allows for a direct
comparison of material resilience and structural integrity
when subjected to the same operational stresses. Finite
Element Analysis (FEA) in ANSYS Workbench is a powerful
tool used to simulate and analyze the behavior of engineering
structures under various conditions. Here is a structured
methodology to effectively solve FEA models using ANSYS
Workbench, a Computational Software tool that empowers
engineers to analyze designs virtually before physical
prototypes are built.

The process starts with importing the Computer Aided
Design (CAD) geometry of the object. Imagine a bridge - its
3D model would be imported here. Next, engineers define the
material properties, like how stiff or dense the bridge
components are. Then, they create a mesh, essentially a digital
net cast over the model. This mesh breaks the complex
geometry down into smaller, simpler elements for
calculations. The next step involves defining how the real
bridge would experience forces. This could involve fixing
certain parts, like the bridge's base, to represent its connection
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to the ground. Engineers would then apply forces or pressures,
mimicking traffic or wind loads acting on the bridge.
Depending on the analysis goal, different analysis types are
chosen. Static analysis simulates how the bridge behaves

under its own weight and constant traffic, while transient
analysis might consider how it responds to earthquakes or
sudden changes in wind direction.

Table 1. Material property

Chrome .
. . Structural Aluminum BRASS Cast Iron EN
Material (Unit) Steel Steg;&'s' Alloy C3700 GJL100
Property Magnitude
Density (kg/m3) 7850 7810 2770 8267 6999
Young's Modulus (GPa) 200 210 71 99 89

Thermal Expansion » . . 19.0 x .
Coefficient (1/°C) 16.0 x 10 12.0 x 10 23.0x10 10-¢ 12.0 x 10

Poisson's Ratio 0.3 0.29 0.33 0.345 0.26

Once everything is set, the computational software tool
uses complex math to solve the model's behavior based on the
defined settings. Finally, engineers use built-in visualization
tools to analyze the results. They can see how stress is
distributed throughout the bridge, how much it might bend
under load, and identify any potential weak points. This
information helps them refine the design before building a
physical prototype, saving time and resources. Several
researchers have explored the validity of mathematical models
[1-3] for predicting deformation and stress in materials. Their
findings indicate that these models are accurate within a
specific acceptable range of error.

This paper acknowledges this established understanding
and aims to build upon it. The research will focus on
commonly used engineering materials and investigate their
behavior using a computational tool called Finite Element
Analysis (FEA). FEA allows us to create a digital model of the
material and simulate real-world conditions to analyze how it
will deform and experience stress under various loads. This
approach will provide valuable insights into the performance
of these materials without the need for extensive physical
testing.

4. Results and Discussion

This study stands out by performing a Finite Element
Analysis (FEA) across a variety of materials—Chrome Steel
AISI 5200, Structural Steel, Aluminum Alloy, Brass C3700,
and Cast Iron EN GJL100—under different loading
conditions. Unlike prior research, which often focused on a
single material, this work offers a detailed comparative
analysis, highlighting key performance characteristics
essential for specific applications.

While existing studies have used FEA to predict fatigue
life and material behavior, they generally lack the
comprehensive material comparison provided here. For
example, [1] concentrated on Chrome Steel without
considering other materials, and [3] focused on aerospace

applications without examining Brass C3700’s tensile
strength.

By utilizing advanced computational tools, this study
enhances the accuracy of material behavior predictions,
enabling more informed design and material selection
decisions. It extends the application of FEA, optimizing
material use, improving safety, and reducing costs in
industrial contexts.

Figures 1(c),(d) and 2(a),(b) represent that the FEA
results demonstrate that structural steel performs adequately
under the applied boundary conditions.

Total Deformation
Type: Total Deformation

Unit: mm

Time: 1s

Deformation Scale Factor 1.0 (True Scale)
6/25/2024 2:10 PM

0.30428 Max
0.27047
0.23666
—40.20285
0.16905
0.13524
0.10143
0.067618
0.033809
0 Min

Fig. 1c) Total deformation result in F.E.A. software - Total
deformation [ Max. = 0.30428 mm ]

With a total deformation of 0.30428 mm, equivalent
stress of 937.18 MPa, and a maximum principal stress of
286.34 MPa, the material exhibits strong resistance to
deformation and high stress.
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Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit: Mpa

Time: 1s

Deformation Scale Factor 1.0 (True Scale)
6/25/2024 2:10 PM

Fig. 1(d) Total deformation result in F.E.A. software - Total
deformation equivalent stress [Max. = 937.18 Mpa]

Maximum Principal Stress

“Type: Maximum Principal Stress

Unit: MPa

Time: | s

Deformation Scale Factor: 1.0 (True Scale)
6/25/2024 2:11 PM

total deformation of 0.28998 mm, equivalent stress of 937.54
MPa and a maximum principal stress of 283.83 MPa, the
material exhibits strong resistance to deformation and high
stress.

Total Deformation

Type: Total Deformation

Unit: mm

Time: 1 s

Deformation Scale Factor: 1.0 (True Scale)
6/25/2024 2:07 PM

0.28998 Max
0.25776
0.22554
0.19332
0.1611
0.12888
0.096661
0.064441
0.03222
0 Min

Fig. 3(a) Total deformation [Max. = 0.28998 mm]

Equivalent Stress

286.34 Max Type: Equivalent (von-Mises) Stress

13.12 Unit: MPa

-60.097 Time: 1 s

23332 Deformation Scale Factor: 1.0 (True Scale)
-406.53 6/25/2024 2:07 PM

AL 937.54 Max

-752.97

-926.19

-1099.4

=1272.6 Min

Fig. 2(a) Maximum principal stress result in F.E.A. software - [Max =
286.34 Mpa ]

Safety Factor
Type: Safety Factor . . . _
Time: 1 Fig. 3(b) Equivalent stress result in F.E.A. software [ Max. = 937.54
Deformation Scale Factor: 1.0 (True Scale) M
6/25/20242:11 PM pa]
15 Max
10
5 Maximum Principal Stress
0.87309 Min I%T:me:lmum Principal Stress
0 Time: 1§
Deformation Scale Factor: 1.0 (True Scale)
6/25/2024 2:06 PM

283.83 Max
113.62
-56.586
-226.79
W
-737.41
-907.62
-1077.8
-1248 Min
Fig. 2(b) Factor of safety result in F.E.A. software- Factor of safety
[AVG =5-8]
Figures 3(a),(b) and 4(a),(b) represent FEA results that
demonstrate that Chrome Steel AISI 5200 performs _ _ o
excellently under the applied boundary conditions. With a Fig. 4(a) Maximum principal stress [Max = 283.83 Mpa]
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Figures 5 (a), (b) and 6 (a), (b) represent FEA results that
demonstrate that aluminum alloy exhibits different
performance characteristics under the applied boundary
conditions compared to other materials.

Safety Factor
Type: Safety Factor
Time: 1
Deformation Scale Factor: 1.0 (True Scale)
6/25/2024 2:06 PM
15 Max
10
5
0.88081 Min
0

Fig. 4(b) Factor of safety result in F.E.A. software [AVG = 5-8]

With a total deformation of 0.85489 mm, equivalent
stress of 936.8 MPa, and a maximum principal stress of
294.56 MPa, the material shows a higher degree of
deformation but maintains strong resistance to stress.

Total Deformation

Type: Total Deformation

Unit: mm

Time: 1§

Deformation Scale Factor: 1.0 (True Scale)

6/25/2024 2:13 PM
0.85489 Max
0.7599
0.66492
0.56993
0.47494
0.37995
0.28496
0.18998
0.094988
0 Min

Fig. 5(a) Total deformation result in F.E.A. software [Max. = 0.85489
mm]

The safety factor ranges of 5 to 8 underscores its
suitability for demanding industrial applications, providing
reliable and safe performance under the specified load
conditions while highlighting the need to consider its greater
flexibility in design applications.
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Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: Mpa
Time: 15
Deformation Scale Factor: 1.0 (True Scale)
6/25/2024 2:13 PM
936.8 Max
833.83
730.86
627.89
524.92
421.95
31898
216.01
113.04
10.07 Min

Fig. 5(b) Equivalent stress [Max. = 936.8 Mpa]

Maximum Principal Stress

Type: Maximum Principal Stress

Unit: MPa

Time: 1's

Deformation Scale Factor: 1.0 (True Scale)
6/25/2024 2:15 PM

g 294.56 Max

Fig. 6(a) Maximum principal stress in F.E.A. software [Max =
294.56 Mpa]

Sufety Factor
Type: Safety Factor

Time: |

Deformation Scale Factor: 1.0 (True Scale)
6/25/2024 2:15 PM

15 Max

10

5

0.95058 Min
0

Fig. 6 (b) Factor of safety resultin F.E.A. software [ AVG = 5-8]

Figures 7 (a), (b) and 8 (a), (b) represent FEA results that
demonstrate that Brass C3700 exhibits moderate deformation
and high stress resistance under the applied boundary
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conditions. With a total deformation of 0.60624 mm,
equivalent stress of 936.96 MPa, and a maximum principal
stress of 299.11 MPa, the material shows a good balance of
flexibility and strength. The safety factor range of 1.22 to 8
underscores the need for careful application, particularly in
scenarios where the lower end of the safety factor might be
reached.

Total Deformation
Type: Total Deformation
Unit: mm
Time: |5

0.53888
0.47152
0.40416
0.3368

0.26944
0.20208
0.13472
0.06736
0 Min

Fig. 7(a) Total deformation [Max. = 0.60624 mm]

Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 15

Deformation Scale Factor: 1.0 (True Scale)

6/25/2024 2:38 PM
936.96 Max
833,99
731.03
628.06
525.1
42213
319.17
2162
11323
10.269 Min

Fig. 7(b) Total deformation [ Max. = 936.96 Mpa]

Maximum Principal Stress

ca
38 PM
299.11 Max
113.12
-72.877
-258.87
-444 86
-630.86
-816.85
-1002.8
-1188.8
-1374.8 Min

Fig. 8(a) Maximum principal stress [Max =299.11Mpa]

116

Figures 9 (a), (b) and 10 (a), (b) represent FEA results.
Brass C3700 remains suitable for demanding industrial
applications, providing reliable performance under specified
load conditions while highlighting the importance of
considering its lower safety factor in critical designs. The
Finite Element Analysis (FEA) results for Cast Iron EN
GJL100 reveal that the material exhibits a total deformation
of 0.68185 mm, an equivalent stress of 939.33 MPa, and a
maximum principal stress of 276.88 MPa under the specified
boundary conditions. These values indicate that Cast Iron EN
GJL100 maintains moderate deformation and withstands
significant internal and tensile forces. Additionally, with a
safety factor ranging from 5 to 8, the material ensures a
robust and reliable performance, providing a substantial
margin of safety for secure operation in high-pressure

on Scale Factor: 1.0 (True Scale)
2024 2:39 PM

/2572
5 Max
5
1.2283 Min
0

Fig. 8 (b) Factor of safety result in F.E.A. software- Factor of
safety [ AVG =1.22-8]

Total Deformation
Type: Total Deformation

0.60609
0.53033
1045457
0.3788

10.30304

Fig. 9 (a) Total deformation [ Max. = 0.68185 mm ]

The Finite Element Analysis (FEA) results indicate that
among the materials tested, Chrome Steel AISI 5200 and
Structural Steel exhibit the lowest total deformation at
0.28998 mm and 0.30428 mm, respectively, indicating
higher rigidity.
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Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1 s
Deformation Scale Factor:1.0(True Scal
6/25/2024 2:54 PM
1939.33 Max
835.98
732.64
629.29
525.95
1422.6
319.25
21591
112.56
'9.2144 Min

Fig. 9 (b) Equivalent Stress [ Max. = 939.33 Mpa]

Maximum Principal Stress

‘Type: Maximum Principal Stress

Unit: MPa

Time: | s

Deformation Scale Factor:1.0(True Scalg

6/25/2024 2:54 PM
276.88 Max
15.7
-45.486
-206.67
-367.85
-529.03
-690.22
-851.4
-1012.6
-1173.8 Min

Fig. 10 (a) Maximum principal stress result in F.E.A. software [Max =
276.88Mpa ]

Safety Factor
Type: Safety Factor
Time: |
Deformation Scale Factor: 1.0 (True Scale)
6/25/2024 2:55 PM

15 Max

10

5

0.28825 Min

Fig. 10 (b) Factor of safety result in F.E.A. software - Factor of safety
[AVG =5-8]

All materials show similar equivalent stress levels of
around 937 MPa, reflecting their comparable ability to
withstand internal forces.

Total Deformation
Type: Total Deformation

Total Deformation

Type: Total Deformation

Uniti : mm U_nil:rmm
Time : 1 Time: | s
e Deformation Scale Factor: 1.0 (True Scale

Deformation Scale Factor: 1.0 (Truc g 16/26/2024 3:04 PM

0.42599 Max
!ll]?x(»(v

maron
).284
121l 23666 Y
0.081142 1 ) 18933 y.
0.040571 LA\ )}ﬁ: £\
0 Min = - 142 4 \
Total Deformation ).004665 ‘
Type: Total Deformation Total Deformation

oo Type: Total Deformation

els
Deformation Scale Factor 1.0 (True Scale)
6/26/2024 2:56 PM

0.48685 Max
50,43276
2037866
R

Ho27047 o
021638 e
0.1622
e 024343

0.054094 0.18257
0 Min o\ 0.12171

{ 0.060856 4 D
0 Min

Fig. 11 Deformation results at various pressure magnitudes at
60Mpa,70Mpa,80Mpa, and 90 Mpa

Brass C3700 has the highest maximum principal stress
at 299.11 MPa, suggesting it can endure higher tensile forces.
The safety factor ranges highlight that while Structural Steel,
Chrome Steel AISI 5200, and Aluminum Alloy offer robust
performance with a safety factor of 5 to 8, Brass C3700's
lower-end safety factor of 1.22 indicates potential
vulnerability under certain conditions.

Cast Iron EN GJL100 presents moderate deformation
and stress resistance, making it a reliable choice with a safety
factor of 5 to 8. Overall, Chrome Steel AISI 5200 and
Structural Steel emerge as the most resilient materials under
the given conditions.

Type: Maximum Principal Stress

Unit: MPa
Time: 1 s Time: 1 s

Type: Maximum Principal Stress
Unit: MPa

-487.84

-695.7

-903.57

-1111.4

-1319.3

-1527.2 Min
Type: Maximum Princi|
Unit: MPa
Time: 1 s
Deformation Scale Factor: 1.0 (True Scale)
6/26/20240 3.06 OM

-1978.9
-2290.7 Min

Fig. 12 Maximum principal stress result at various pressure
magnitudes 60Mpa, 70Mpa, 80Mpa, 90 Mpa
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Table 2. Result table at first run pressure = 50 Mpa

Material
Structural | Chrome Steel AISI Aluminum BRASS Cast Iron
Parameter Steel 5200 Alloy C3700 EN GJL100
(T,\‘/’I?A)Deforma“on 0.30428 0.28998 0.85489 0.60624 0.68185
Equivalent Stress 937.18 937.54 936.8 936.96 939.33
(mm)
Maximum
Principal Stress 286.34 283.83 294.56 299.11 276.88
(Mpa)
Table 3. Result table at various pressure magnitudes for structural steel
Material Structural Steel
E’rSegsure Pressure Pressure Pressure Pressure
R/Ipa =60 Mpa =70 Mpa =80 Mpa =90 Mpa
Total Deformation 0.30428 0.36514 0.42599 0.48685 0.54771
Equivalent Stress 937.18 1124.6 1312.1 1499.5 1686.9
Maximum Principal 286.34 283.83 400 458.14 515.41
Stress
Table 4. Result table at various pressure magnitudes for structural steel Chrome steel AISI 5200
Chrome Steel AISI 5200
Prfssure Pressure = 60 Pressure =70 Pressure = 80 Pressure =90
=50 Mpa Mpa Mpa Mpa
Parameter Mpa P P P P
Total Deformation 0.28998 0.25776 0.34798 0.40598 0.41242
Equivalent Stress 937.54 937.54 1125 1312.6 1500.1
Maximum Principal | g3 g9 340.59 397.36 454.13 510.89
Stress
Table 5. Result table at various pressure magnitudes for Chrome steel AISI 5200
Aluminum Alloy
Pressure Pressure Pressure0 Pressure Pressure
Parameter =50 Mpa =60 Mpa =70 Mpa =80 Mpa =90 Mpa
Total Deformation 0.85489 1.0259 1.1968 1.3678 1.5388
Equivalent Stress 936.8 11242 1311.5 1498.9 1686.2
Maximum Principal 294.56 353.47 412.38 471.29 530.2
Stress
To gain a deeper understanding of how varying pressure suitable material for applications requiring specific

affects the total deformation magnitude, further investigation
is essential to conduct, which is represented in Figures 11 and
12, which represent FEA results series of Finite Element
Analyses (FEA) under different pressure loads of 50, 60, 70,
80, and 90 MPa, this can observe and quantify the
deformation behavior of each material. This approach will
help identify the pressure thresholds at which materials like
Structural Steel, Chrome Steel AISI 5200, Aluminum Alloy,
Brass C3700, and Cast Iron EN GJL100 begin to exhibit
significant deformation changes. Analyzing these variations
will provide insights into the structural integrity and
performance limits of these materials under diverse
operational conditions, aiding in the selection of the most
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deformation tolerances.

Tables 3, 4, 5, 6 and 7 represent the data analysis of
deformation and maximum principal stress for various
materials under different pressure magnitudes using Finite
Element Analysis (FEA) software. The pressure magnitudes
examined were 60 MPa, 70 MPa, 80 MPa, and 90 MPa. The
materials tested included Structural Steel, Chrome Steel AISI
5200, Aluminum Alloy, Brass C3700, and Cast Iron EN
GJL100. Here, the results for Structural Steel are presented as
contour plots generated by the FEA software, which provide a
visual representation of the deformation and stress distribution
within the material under the specified pressures.
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Table 6. Result table at various pressure magnitudes for BRASS C3700

BRASS C3700
Pressure Pressure Pressure Pressure Pressure
Parameter =50 Mpa =60 Mpa =70 Mpa =80 Mpa =90 Mpa
Total Deformation 0.60624 0.72749 0.84873 0.96998 1.0912
Equivalent Stress 936.96 11244 1311.7 1499.1 1686.5
Maximum Principal 299.11 358.93 418.75 478.58 538.4
Stress
Table 7. Result table at various pressure magnitudes for cast iron EN GJL100
Cast Iron EN GJL100
Pressure Pressure Pressure Pressure Pressure
Parameter =50 Mpa =60 Mpa =70 Mpa = 80 Mpa =90 Mpa
Total Deformation 0.68185 0.81822 0.95459 1.091 1.2273
Equivalent Stress 939.33 1127.2 1315.1 1502.9 1690.8
Maximum Principal 276.88 332.25 387.63 443.01 498.38
Stress
In Figure 13, the graph depicts the relationship between
pressure and total deformation for various materials. The ssod  [~=— Structural Steel
pressure is represented on the x-axis in Mega-Pascal (MPa), e Crome Steel AISI 5200 > 4
and the total deformation is on the y-axis in millimeters (mm) A AlinETALSY s
[1]. The four materials shown are structural steel, chrome steel 3007 | o BRASS C3700 ¢
AISI 5200, cast iron EN GJL 100, and brass C3700. It can be é  Cast Iron EN GIL100 -
observed that structural steel exhibits the least amount of 7 450 s
deformation at all pressure levels compared to the other &
materials. This indicates superior resistance to bending or E 4004 f
warping under pressure. Conversely, brass C3700 shows the 2
greatest deformation at all pressure levels [1]. E - e
£ b4
This suggests that brass C3700 is less resistant to bending é ’
or warping under pressure compared to the other materials 300+ X
included in the graph. It is important to note that the graph ! A
only shows the behavior of these materials up to 90 MPa. How 250 ; , , i .
50 60 70 80 90

these materials deform at higher pressures is not shown in the
graph.
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Fig. 13 Total deformation vs pressure
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Pressure (Mpa)
Fig. 14 Maximum principal Stress Vs pressure

In Figure 14, the graph presented illustrates the
relationship between maximum principal stress (in MPa) and
applied pressure (in MPa) for five different materials:
Structural Steel, Chrome Steel AISI 5200, Aluminum Alloy,
Brass C3700, and Cast Iron EN GJL100. As the applied
pressure increases from 50 MPa to 90 MPa, all materials show
a consistent rise in maximum principal stress, indicating a
direct correlation between pressure and stress. Structural Steel
exhibits a non-linear increase, with a deviation at 60 MPa
before returning to a linear trend. 1ts maximum principal stress
ranges from approximately 285 MPa at 50 MPa to around 480
MPa at 90 MPa.

Chrome Steel AISI 5200 shows a steady linear increase,
maintaining relatively lower stress values compared to other
materials except for Structural Steel, with stress ranging from
around 280 MPa to about 470 MPa. Aluminum Alloy shows a
higher stress increase rate, with values starting at around 295
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MPa and reaching approximately 510 MPa. Brass C3700
displays the highest maximum principal stress values, starting.
at about 300 MPa and climbing to around 530 MPa. Cast Iron
EN GJL100 exhibits a linear increase similar to Chrome Steel,
with stress values ranging from around 275 MPa to about 480
MPa.

The material performance analysis reveals that Brass
C3700 consistently exhibits the highest maximum principal
stress values across all pressure levels, indicating its superior
tensile stress resistance. Aluminum Alloy also demonstrates
significant stress values, highlighting its capability to
withstand high tensile forces. Structural Steel and Chrome
Steel AISI 5200 show similar performance, with Structural
Steel displaying a slight deviation at 60 MPa. Cast Iron EN
GJL100, while exhibiting lower maximum principal stress
values compared to Brass C3700 and Aluminum Alloy, aligns
closely with the steel materials, reflecting moderate tensile
stress resistance. This comparative analysis aids in material
selection for specific engineering and industrial applications,
emphasizing Brass C3700 and Aluminum Alloy for high-
strength requirements and steel materials for applications with
moderate stress resistance and predictable performance.

5. Conclusion

e According to the outcomes of the Finite Element Analysis
(FEA), the materials that were examined show that the
most stiff are Chrome Steel AISI 5200 and Structural
Steel, which show the lowest total deformation at 0.28998
mm and 0.30428 mm, respectively. Comparable
equivalent stress levels of approximately 937 MPa are
displayed by all materials, indicating a similar capacity
for withstanding internal stresses. With a maximum main
stress of 299.11 MPa, brass C3700 has the greatest and
may withstand higher tensile stresses. The safety factor
ranges show that, whereas Brass C3700's lower-end
safety factor of 1.22 suggests potential vulnerability
beneath certain circumstances, Structural Steel, Chrome
Steel AISI 5200, and Aluminum Alloy give strong
performance with a security factor of 5 to 8. Cast Iron EN
GJL100 is a dependable material because to its modest
deformation and stress resistance indicating that it is a
dependable option with a 5 to 8 safety factor. Overall,
Chrome Steel AISI 5200 and Structural Steel emerge as
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