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Introduction- To test the wheels of the Vande-Bharat train by running them at speeds of up to 400
km/h, we first needed to create a 3D model of the Vande-Bharat train's wheels. For this, we
searched through the documents available on public platforms, and found a document titled
"Vande-Bharat Volume-2." Upon reviewing "Vande-Bharat Volume-2," we found drawing number
455.0.164.000.30 on page number 377, which contained a drawing of the wheel used in the Vande-
Bharat train. Using the dimensions provided, we created a 3D model of the rail wheel. The 3D
model was created using software called Solidworks. After creating the 3D model, it was saved in
IGES format and imported into Ansys software. The analysis of the research process is explained
under the following headings.
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Fig-1 Layout of Analysis on Ansys Workbench

Methodology-

First, creating 3D model using
3D modeling software
(SolidWorks)

l
Converting the 3D model to IGES format and importing it into ANSYS software

l
Performing Geometry Cleanup on the imported model using ANSY'S Discovery

l

After Geometry Cleanup, assigning material properties to the model and performing meshing

|
After meshing, applying boundary conditions then

!

Analyzing various parameters

l

Determining the results

!

Conclusion

l

References

Import Model and Geometry cleanup- CAD models are often created for design purposes rather
than analysis, so small flaws that can cause major problems in simulation are corrected. Fixing
flaws such as gaps or overlaps makes the model simple and error-free, so that simulation results are
reliable and can be obtained in less time. We used Ansys Discovery software for geometry cleanup.
The model after geometry cleanup is shown in Figure-2.
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Fig-2

Material Assignment-Material Assignment is an important step to make the object realistic. You
can go to Engineering Data in ANSYS and select the material as per your requirement which
represents the physical properties of the object. Material ER8 as per EN13262 has been used in the

rail wheel which is shown in figure number 3.

&7 ERS8 as per EN13262

Drensity

Structural

" |sotropic Elasticity

Derive from

Young's Modulus

Poisson's Ratio

Bulk Modulus

Shear Modulus
Isotropic Secant Coefficient of Thermal Expansion
Compressive Ultimate Strength

Compressive Yield Strength

Strain-Life Parameters

S-N Curve

Tensile Ultimate Strength

Tensile Yield Strength

Fig-3

16

7.85e-06 kg/mm*

Young's Modulus and Poisson's Ratio

2.7e=05
0.3
1.75e+05
2076
1.2e-05

o

250

MPa

MPa
MPa
1°C
MPa
MPa

-6.6e-1

-5.4e+0

N

.

K

0.0e+0

1.0e+1

e+l

WPa logi10)

1.9e+0
1.0

a+0 log(10)

6 0e+0

http://ephijse.com/index.php/SE

460 MPa

250 MPa



http://ephijse.com/index.php/SE

Volume 12 | Issue 03 | August 2026 EPH-International Journal of Science and Engineering

Meshing- Meshing is a crucial process in FEA simulations that breaks down a complex 3D CAD
geometry into smaller, more precise shapes. This is essential for accurate FEA simulation
calculations, making analysis of complex parts easier. Meshing directly affects the accuracy,
convergence, and speed of FEA/CFD simulations. Rough meshing can lead to simulation errors,
while fine meshing ensures accurate results. Meshing of a rail wheel is shown in Fig-4 & 5.

Fig4
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Applying the boundary condition

Applying boundary conditions is a crucial step in FEA (Finite Element Analysis), which determines
where an object is stationary, how it can move, and what external forces are acting on it. Boundary
conditions are applied as closely as possible to the actual physical situation. In our research, the
boundary conditions are shown in Figure. In this study, an acceleration of 400 km/h is applied in the
X-direction to the fixed support of the center proton of a rail wheel, which is shown in Fig-6.

Analyzing various parameters

1. Model Analysis-Model analysis is done on a moving object which reveals how a moving object
behaves at different speeds during its state of motion and how much deflection is produced inside it.
In our research, if we have to make a rail wheel move at a speed of up to 400 km/h, then we have to
test it at a frequency up to 2000 Hz. Here the rail wheel has been tested at 10 different frequencies
which are shown in the 10 pictures shown below. Model testing of the rail wheel has been done at
random frequencies in the range of

600 Hz to 2000 Hz and the deflection produced at all those frequencies is shown in the pictures
shown below fig-7 to fig-17.
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Model Analysis mode-1 — Mode-1 displayed in figure -8, In this figure Natural frequency is
643.45 Hz and the maximum deformation 2.261 mm, In this figure Blue color show minimum
displacement, Red color show maximum displacement (2.261 mm), the outer rim (red color) shows
the largest vibration amplitude. It’s recommended for improve design as of stiffening rim, adding
damping, and changing in geometry

Fig-8

Model Analysis mode-2 - Mode -2displayed in figure -9, In this figure Natural frequency is 896.18
Hz and the maximum deformation 4.0233 mm, In this figure Blue color show minimum
displacement, Red color show maximum displacement (4.0233 mm), wheel is vibrating in a specific
pattern, In the figure show a specific wave pattern around the circumference of wheel, it indicates
multiple lobes, typical of higher-order vibration modes. Its helps that identified the weak zones in
wheel.
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Fig-9
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Model Analysis mode-3 Mode -3 displayed in figure -10, in this figure Natural frequency is 896.55
Hz and the maximum deformation 4.0261 mm. In this figure Blue color show minimum
displacement, Red color show maximum displacement (4.0261 mm), wheel is vibrating in a
specific pattern as like mode -2 but the pattern seems rotating in 90° angle , In the figure show a
specific wave pattern around the circumference of wheel, it indicates multiple lobes, typical of
higher-order vibration modes. It’s to identify the weak zones.
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Fig-10

Model Analysis mode-4 Mode -4 displayed in figure -11, in this figure Natural frequency is 1404.2
Hz and the maximum deformation 2.495 mm. In this figure Blue color show minimum displacement,
Green &Yellow color show Medium deformation .Red color show maximum displacement (2.4951
mm), in this mode the pattern looks completely different from the previous modes the pattern looks
like Concentric ring like deformation (radial mode).
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Model Analysis mode-5 Mode -5 displayed in figure -12, in this figure Natural frequency is 1404.2
Hz as same as model-4and the maximum deformation 2.4956 mm. In this figure Blue color show
minimum displacement, Green &Yellow color show Medium displacement .Red color show
maximum displacement (2.4956 mm), in this mode the pattern seems similar looks like mode-4 but
rotating approximately 90° angle. Looks like Concentric ring like deformation (radial mode).
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Fig-12

Model Analysis mode-6 Mode -6 displayed in figure - 13, in this figure Natural frequency is 1606
Hz and the maximum deformation 3.0827 mm. In this figure blue color show minimum
displacement, Green &Yellow color show medium displacement. Red color show maximum
displacement (3.0827 mm), in this mode the pattern seems totally different to other mode. Looks
like Concentric rings
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Fig-13
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Model Analysis mode-7 Mode -7 displayed in figure - 14, in this figure Natural frequency is 1625
Hz and the maximum deformation 4.2501 mm. In this figure Blue color show minimum
displacement, Green &Yellow color show Medium displacement .Red color show maximum
displacement (4.25 mm), The wheel is vibrating in a complex wave pattern around its
circumference. In this figure a specific wave pattern around the circumference of wheel, it indicates
multiple lobes, typical of higher-order vibration modes. It’s to identify the weak zones.

Fig-14

Model Analysis mode-8 Mode -8 displayed in figure - 15, in this figure Natural frequency is 1625
Hz as similar mode-7 and the maximum deformation 4.2497 mm. In this figure Blue color show
minimum displacement, Green &Yellow color show Medium displacement .Red color show
maximum displacement (4.25 mm), the wheel is vibrating in a complex wave pattern around its
circumference. In this figure a specific wave pattern around the circumference of wheel, it indicates
multiple lobes, typical of higher-order vibration modes. It’s to identify the weak zones.
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Fig-15
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Model Analysis mode-9 Mode -9 displayed in figure - 16, in this figure Natural frequency is
1742.8 Hz as and the maximum deformation 4.2497 mm. In this figure blue color show minimum
displacement, Green &Yellow color show medium displacement. Red color show maximum
displacement (4.204 mm), in this mode the vibration pattern is symmetric typical for modal shapes.

Model Analysis mode-10 Mode - displayed in figure - 17, in this figure Natural frequency is
1742.9 Hz as and the maximum deformation 4.2266 mm. In this figure the pattern is similar as like
mode-9 but as seems rotated to the 90° angle. Blue color show minimum displacement, Green
&Yellow color show Medium displacement .Red color show maximum displacement (4.2266 mm),
in this mode the vibration pattern is symmetric typical for modal shapes
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Fig-17
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Table of model analysis

B B 5 D
Total Deformation max
Mode Frequncy(Hz) ; :
value {mm)
1 1 643.45 2.261
2 2 8596.18 4,0233
3 3 8296.55 4.0261
4 4 1404.2 2.4953
5 3 1404.2 2.4956
il 6 1606 3.0827
F 7 1625 4,2501
8 2 1625 4.2457
9 9 1742.8 4.204
10 10 1742.9 4,2266

Table-1

Harmonic Response Analysis - In Harmonic Analysis It calculates the steady-state response
of linear structures to sinusoidal varying loads over a frequency range. It determines the resonance
frequencies, fatigue-inducing stresses and maximum campus amplitudes. In our research, the speed
of the rail wheel has been kept at 400 km/h and the wheel has been tested at various positions at
frequencies up to 2000 Hz. The objective of Harmonic Response Analysis is to determine whether a
design will be able to withstand continuous cyclic loading without excessive noise or vibration or
failure due to fatigue. In the figures shown below, the Frequency Response graphs are shown in the
direction of X-Axis, Y-Axis and Z-Axis in Figures 18, 19 and 20 respectively

Harmonic Response in X- axis-
Two types of graphs are shown in the figure. The top graph shows amplitude versus frequency. The
X-axis shows frequency and the Y-axis shows amplitude.
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Fig-18
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In this graph (Fig-18), the frequency increases from about 200 Hz to 1400 Hz, and the amplitude
increases almost steadily. A sharp peak appears near 1400 Hz, which is called the wheel's resonance
frequency. After this peak, the amplitude begins to decrease, meaning the wheel responds less
strongly to higher frequencies.

It means the wheel vibrates most strongly at ~1400 Hz.

The second graph shows the difference between phase angle and frequency.

The X-axis represents frequency (in Hertz) and the Y-axis represents phase angle (in degrees).

At low frequencies, the phase is approximately 0°, meaning the input and output are in nearly the
same order.

As the frequency approaches resonance (~1400 Hz), the phase begins to decrease.

After resonance, the phase reaches approximately -180°, meaning the output is almost completely in
opposite phase to the input.

Harmonic Response in Y- axis —

At low frequencies of 200400 Hz, the amplitude is low and reaches a minimum at about 400 Hz.
Above about 400 Hz, the amplitude gradually increases.

There is a strong peak around 1400 Hz. This is the main resonance in the Y direction.

After the peak, the amplitude decreases at about 1500-1600 Hz, then increases slightly at about
1700-1800 Hz, then decreases toward 2000 Hz.

In this graph has a major resonance at around 1400 Hz.
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Fig-19

A slight increase around 1700-1800 Hz indicates a secondary mode, i.e., another vibration pattern.
A dip at a lower frequency of 400 Hz may indicate a counter- resonance, i.e., a frequency where
motion is inhibited.

In Bottom graph who plotted with Phase vs. Frequency

At about 200 Hz, the pulse begins at approximately +180°
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It rapidly decreases to approximately 0° and remains nearly constant until approximately 1200 Hz.
At approximately 1400 Hz, the pulse begins to tilt toward negative values (approximately -90°).
After this, it suddenly increases to +180° at approximately 1500 Hz. After this, the pulse gradually
decreases and begins to approach 0° again.

Harmonic Response in Z- axis —
In the top graph the amplitude increases steadily as the frequency increases from about 200 Hz to
about 1400 Hz.
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Fig-20

A sharp peak appears at about 1400 Hz, indicating the resonance frequency—the system vibrates
most intensely at this frequency.

After 1400 Hz, the amplitude decreases, then fluctuates slightly but remains below the peak.

This wheel is most sensitive at about 1400 Hz. This is likely a natural frequency where energy input
produces intense vibrations.

The bottom graph shows phase angle versus frequency.

At low frequencies around 200 Hz, the phase begins at about -60°.1t rapidly increases to about 180°
and remains constant until about 1200 Hz.

Around the resonance region of 1300—-1500 Hz, the phase rapidly decreases. At higher frequencies,
the phase stabilizes at about 0—20°.
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Static Structural Analysis Displacement, stress, strain, and force are examined in structures
subjected to static loads. The research here involves calculating stress, strain, and strain-hotel
deflection, which are shown in Fig-21, 22 and 23.

Stress Analysis - applying boundary condition the acceleration 400k/h on wheel, analysis of the
equivalent stress displayed in figure- 21. And the explanation is given following lines. There is very
little stress on the component. There is no immediate risk of breakage. Stress concentrations are
present around the holes. The design appears to be mechanically safe under applied static loads.

Fig-21

Strain Analysis- applying boundary condition the acceleration 400k/h on wheel, analysis of the
strain displayed in figure- 22. And the explanation is given following lines. Equivalent elastic strain
is a combined measure of deformation in all directions, often similar to a von Mises -type strain
measure.

The diagram on the left shows the intensity of distortion Blue — Very little distortion

Green/Yellow — Moderate distortion

Red — highest distortion

Maximum strain — 1.2152 x 10~ Minimum strain — 2.157 x 107'°

These are very low strain values, meaning that the structure experiences only minor elastic
deformation under the applied load.

27 http://ephijse.com/index.php/SE


http://ephijse.com/index.php/SE

Volume 12 | Issue 03 | August 2026 EPH-International Journal of Science and Engineering

Total Deformation Analysis- total deformation analysis of rail wheel displayed in figure-
23.The explanation of the wheel at boundary condition is given following lines.

Fig-23

Red indicates the location where the greatest elastic strain occurs. It is located near one of the bolt-
hole areas, indicating a local stress/strain concentration. This component is structurally stable under
static loads. Most of the deformation occurs around geometric discontinuities near the bolt holes.
Relatively little deformation occurs in the outer rim and inner bore. Since the deformation is
approximately 1075, assuming common engineering metals, the material is likely still within the
elastic limit.

Conclusion- - As we analyzed the results of the analysis, which included model analysts analyzing
random accelerometer vibrations, observing the deflection produced at different frequencies, and
also performing a harmonic response analysis, it follows that the current wheel design, which is
perfect for running at 180 km/h, can potentially produce frequencies up to 2000 Hz when speed up
to 400 km/h. This results in significant wheel deflection at several random frequencies, requiring
some modifications to the wheel geometry. This modification can be achieved by making some
changes to the wheel's section profile. In this research, we found that

if the wheel can withstand frequencies up to 2000 Hz with some modifications to its profile, then
the design would be perfect for 400 km/h. With this research, other types of research will be
required which will include analysis of the wheel, axle with wheel, and the entire bogie in different
parts.

Terminology —

IREE- International Railway Equipment Exhibition CAD- Computer Aided Design

CAM- Computer Aided Manufacturing CAE- Computer Aided Engineering FEA- Finite Element
Analysis

IGES-Initial Graphics Exchange Specification

RDSO -Research Designs and Standards Organization
CFD -Computational Fluid Dynamics
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Recommendations: For 400 km/h;

Increase Rim thickness from 135 to 150 mm.

e  Upgrade to ER9 material.

e  Add Tuned Mass Damper.

e  Adopt Hollow Axle.
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