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Abstract
The primary goal of the current effort is to design and investigate rotating 

shaft failures brought on by internal fractures. Shafts are a crucial component of 
power transmission in both cars and power plants. By employing a shaft, power 
converts one type of energy into another. Based on this, shaft failures cause signif-
icant damage when they are continuously used in power plants, are subjected to 
extremely high loads, or are exposed to extremely high pressure. Due to a fracture 
developing on the shaft, its lifespan was reduced. There are several forms of frac-
tures that shorten a machine’s life and decrease its productivity. By integrating 
the different pieces, the shaft is constructed in 3D using CATIA V5 in order 
to identify any fractures. Software called ANSYS is used to evaluate 3D mod-
els. EN8 and AISI 52100 material characteristics are imported into the ANSYS 
programme to simulate the shaft and analyse the various materials’ resistance to 
various shaft-related damages. By importing the design and material parameters, 
slant crack is produced for various materials and examined. The finite element 
analysis (FEA) model in ANSYS is subjected to the load on the shaft and the 
boundary conditions. The data are utilised to calculate the overall deformation 
and stress. This is also used to assess the likelihood of weight and cost savings in 
the manufacture of shafts. Modelling and analysis of a solid shaft using finite el-
ements on a healthy and slant fractured shaft is supported by analytical findings.
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Introduction
Rotors in turbo equipment typically function under challenging circum-

stances. Cycle fatigue, creep, and corrosion are the effects of this. All these phys-
ical events cause fatigue fractures to form, which can seriously harm machine 
parts or possibly result in catastrophic failure. Creation of contemporary machine 
components involves maximising a variety of properties, including high strength, 
prolonged life durability, light weight, and economics. Machine parts are flexible 
and under a lot of stress as a result. A rotary machine’s component begins to break 
as a result of this. The performance characteristics of the shaft are immediately 
impacted when a fault appears.

Additionally, shaft efficiency could decrease. Therefore, it is feasible to re-
search the resulting flaws, such as slanting, transverse, longitudinal, and bent 
fractures. Slant cracks are studied using cracks moving at different rates and in 
different directions. The loading conditions are also employed for the crack re-
search. Any moving item will vibrate, and the magnitude, intensity, and frequency 
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beam and cracked beam. Ghodousi et al. [12] has analysed 
the nonlinear vibrations and stability of rotating asymmetrical 
nano-shafts by considering the surface effects. They have used 
two theories for analysis. The theories are surface stress tensor 
and surface elastic theory. They have obtained the governing 
nonlinear equations of motion with the aid of variational ap-
proach. The results are validated with theories.

New perspectives in the domains of science and engineer-
ing have been opened up by the production of nanofibers from 
polymers that are natural or synthetic, metallic substances, 
semiconductors, composite materials, and carbon-based mate-
rials. Nanofibres have also been the subject of extensive study 
[13].

Experimentation
Materials used

For the rotating shaft, materials EN8 and AISI 52100 
are employed (Figure 1). Table 1 provided information on the 
chemical makeup of EN8 and AISI 52100.

Methodology 

The FEA method was used to analyse the shafts utilised 
in thermal power plants, and models were assessed for static 
structural analysis. EN8 and AISI 52100 material composition 
were used as input in the calculation of the stated boundary 
conditions (Table 2).

The ANSYS software bundle makes use of the CAE in-
vestigation methodology. The ANSYS Workbench 17.2 is used 
to acquire the values. The process is designed using CATIA V5 
and includes shafts for structural analysis and material testing. 
You may employ analysis to find out the shaft’s features. After 
importing the material characteristics, the meshing procedure 

of these vibrations will all vary. Because vibration data may be 
connected to physical events, they can be utilised to under-
stand the state of equipment. Vibration analysis may be used 
to locate and monitor an ongoing problem that is impossible 
to resolve and will only grow worse. Engineering research has 
utilised a wide range of damage detection techniques through-
out the years.

Using artificial intelligence networks based on machine 
learning, Bansode and Billore [1] study how fatigue causes 
shaft failure. According to Kekan and Kumar [2], analysis of 
the slant crack was conducted using an FFT analyzer, with 
vibrations being utilised to calculate the health of the shaft 
and the slant crack. When a shaft is employed in a hydropow-
er project, Singh et al. [3] assess the static and dynamic loads 
on the shaft. Test the shaft for hardness, tensile strength, and 
other properties to analyse it. Karthick et al. [4], modeling and 
analysis of EN8 material with forged steel using the simula-
tion programme ANSYS and the design software CATIA V5. 

Based on this, project work is completed using the AN-
SYS 17.2 version, which simulates the constructed design and 
analyses the results based on the equivalent stress, equivalent 
elastic strain, and total deformation on two distinct materials. 
Jeon et al. [5], employing a non-contact ultrasonic approach 
to find a rotating shaft. Three ACTs were employed, two of 
which were for producing ultrasonic waves at two distinct 
places using ACTs at various frequencies. For sensing, another 
ACT is employed. Calculate the findings based on the signals 
from the spinning shaft to identify the fracture that is there.

According to Fernandes et al. [6], an alloy is subjected 
to a fatigue test with a ratio of 0.1 at room temperature, and 
the dwell time is also explained. This alloy is sensitive at room 
temperature, and dwell-life debit was more severe at higher 
stress levels, according to an analysis and explanation using 
the Weibull distribution. In order to create the rolling bearings 
utilised in aviation, Yan and Shaojun [7] utilized the M50NIL 
material and its qualities. When making rolling bearings, the 
good man effect, the L-H theory, and the Hertz contact the-
ory are taken into account. Utilizing the FEA methodology, 
analysis is performed using the ANSYS software. Ball bear-
ings constructed of AISI 52100 are utilised and investigated 
by Satpute et al. [8] in three different processes, including an-
nealing, quenching, and quench tempered. Compared to other 
heat treatments, the annealing process results in a high degree 
of hardness.

Xiang et al. [9], to find the fracture, wavelet-based elements 
are employed. The crack’s precise position in the shaft may be 
determined using frequencies. In rotating Rayleigh-Timos-
henko and Rayleigh-Euler beam elements of Bspline wavelet 
on the interval are produced to get the precise frequencies for 
the Forward problem analysis, a genetic algorithm is utilised to 
determine the depth of fracture. In order to demonstrate the 
viability of the EMD approach for crack identification, Guo 
et al. [10] explored the theoretical study of the dynamic be-
haviour of a fractured rotor and EMD based crack detection. 
According to Das and Yılmaz [11], the design work is carried 
out using ANSYS 14.2 and FEA. The behavior of the healthy 
beam and cracked beam is compared using the three natural 
frequencies after the construction and analysis of the healthy 

Figure 1: Assembled design of rotating shaft.

Table 1: Properties of AISI 52100 material and EN8 material.

S. No. Property AISI 52100 EN8 Units
1 Density 7833 7845 Kg/m3

2 Tensile strength 2240 750 MPa
3 Hardness 60 - 65 201 - 255 -
4 Poisson’s ratio 0.3 0.3 -
5 Yield strength 2033 465 MPa
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In order to determine the stress, strain, and total deformation 
for both of the shaft materials, the analysis programme for 
static structural analysis is appropriately uploaded with the 
necessary parameters, such as force and degree of freedom.

Result and Discussion
The static structural study of the rotating shaft for two 

distinct materials—EN8 and AISI 52100—was reported in 
table form in table 3, respectively. For EN8 and AISI 52100, 
the maximum total deformation values are 0.010586 m and 
0.012649 m, respectively (Figure 2). The equivalent stress 
analysis of the EN8 and AISI 52100 shaft materials is shown 
in figure 3. When compared to EN8 material, AISI 52100 
material has the highest stress, according to the static study. 
The value of maximum equivalent strain in material AISI 
52100 is larger than the EN8 material, according to analysis 
of equivalent strain values for rotating shafts made of various 
materials (Figure 4). The value for the factor of safety for the 
two various rotating shaft materials is shown in figure 5. The 
safety factor for both shaft materials is 15, according to the 
linear elastic analysis. 

Conclusion
For the rotating shaft, the static structural analysis of EN8 

and AISI 52100 material was employed. It is modelled and 
assessed. The analysis of stresses, total deformation, and strain 
occurs as the shaft rotates at various speeds. The complicated 
boundary conditions are provided in order to mimic how the 
shaft interacts with the bearings. The end result demonstrates 

begins. The FEA is the foundation of the meshing approach. 
The following may be used to represent the governing equa-
tion for transverse vibration of a beam with uniform cross-sec-
tion and no crack.
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The findings are obtained by the discretization of a struc-
ture, in which a limited number of smaller pieces are individ-
ually studied. The boundary conditions must be determined 
before carrying out any kind of analysis. This stage explains 
how the static pressures and supports will be used. It also has 
the conventional degrees of freedom. Static structural analysis 
with ANSYS 17.2 was used to compute the equivalent stress, 
equivalent strain, and total stress values.

Afolabi and others [14], by using 72.0 Nm, a shaft is cre-
ated with the necessary parameters of 30 mm and 20 mm in 
diameter. The design is then imported into ANSYS software, 
where it is then analysed. The FEA is used to get the findings. 
Comparing the results, it can be said that the shaft can sus-
tain the torque given to it without failing. Hassan and others 
[15], to compare the outcomes before and after the coating on 
the shaft, a stainless-steel stepped shaft with a Ni-P coating 
is simulated. 200 °C temperature evaluation. The stain energy 
between the contact surfaces is determined. When comparing 
the data, it can be seen that there is a discontinuity in the 
numbers, and that the shaft’s stability decreases as stress and 
strain differences increase.

Wulandari et al. [16] analyse and pinpoint the precise 
area of a failure in a car deck utilized to sustain the weight of 
the vehicle. The FEA was used to evaluate the vehicle decks 
with various thicknesses, and it was shown that thicker car 
decks have longer fatigue life cycles than thinner ones. The 
CATIA programme is used to design the drive shaft. ANSYS 
Workbench is used for analysis. Analytical computations and 
comparisons are made. At the conclusion, both values were de-
termined to be roughly comparable by comparing the results, 
comparing the stress and strain, and calculating the fatigue 
life. The number of defects identified on the shaft were more 
and found in less period of time than visual inspection test 
[17].

Analysis

The composition and physical characteristics of EN8 
and AISI 52100 shaft materials were also imported into 
ANSYS. After being imported, the shaft import file is 
meshed using the FEA method. Whether a result is correct 
in the boundary condition is the most crucial consideration. 

Table 2: Analytical results of AISI 52100 and EN8 material of rotating 
shaft.

Material used AISI 52100 EN8
Factor of safety 1.7 2.4

Equivalent stress (MPa) 49.155 35.774
Elastic strain 0.0002461 0.002243

Total deformation 0.012649 0.010586

Table 3: Results of two different materials.
Material AISI 52100 EN8

Total deformation 0.01264 0.01058
Equivalent stress 49.155 35.774
Equivalent strain 0.0002461 0.00021346

Factor of safety 1.7536 2.4096

Figure 2: (a) Total deformation of AISI 52100 and (b) Total deformation 
of EN8.

Figure 3: (a) Equivalent stress of AISI 52100 and (b) Equivalent stress of 
EN8.
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that shaft stress is well known to be under the safety factor 
limit after being studied for various materials. Because AISI 
52100 has a higher tensile strength than EN8 material and 
can bear a static load. According to the findings, AISI 52100 
material has a higher strength than EN8 material. Moreover, 
in the sector of thermal power plants and hydroelectric power 
plants, AISI 52100 material is to be selected for the construc-
tion of the shaft.
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