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Abstract - Vibration screen separator (classifier) with
attached aspiration channel is designed for cleaning and pre-
cleaning of all agricultural crops from impurities and
admixtures. It is destined for high capacities and continuous
run. The screen separator is fitted with pair of screens, which
ensure separation of over and undersize impurities from
granular materials. Sieves are cleaned by flexible balls. High
frequency vibrations are generated by a pair of electric
vibrators which results in high quality cleaning at large
capacities. Different screens are used for different materials.
The vibration grader runs 8hrs per shift a day at high
frequency vibrations and it is necessary to run regularly, so the
machine should with stand to the vibrations generated. But
due to high frequency vibrations the life of the machine is
reduced and replacement of parts will be done frequently. To
reduce this vibration and to increase machine life design
optimization will be done by employing finite element analysis.
The objective of this project is to make a 3D model of the
existing vibration grader and study the dynamic behavior of
the grader by performing the finite element analysis. After
determining the root cause of the failure of the existing
vibration grader through finite element analysis, an
alternative design was proposed, which will be resonant free
and also meet the design requirement. Modal and harmonic
analysis was performed to understand and optimize the
dynamic behavior of the vibration grader. NX-CAD software is
used for 3D modeling and ANSYS software is used to do finite
element analysis.

Key Words: High frequency vibrations, Dynamic
behavior, Finite element analysis

1. INTRODUCTION

Vibration graders are used to screen the material to different
sizes with the help of the screen the material that are
crushed are categorized into various as per the requirement,
and then sent to further processes. These are used in
ceramic industries and thermal plants to screen the various
sizes of the coal that comes to the screen from the crusher.
The required size of the coal are filtered to the bottom of the
screen and sent to the next processing section and the
remaining material is sent again to the crusher.

Operating Principle: It adjusts the vibratory movement by
tube-shaped violent vibration screen of eccentric shaft and

eccentric blocks. The body moves linear motion in order to
make the materials screened.

Construction of machine: The screen basket is of welded,
riveted bolted construction. The vibrator assembly consists
of a shaft on which counter weight is provided. This shaft
runs into special roller bearing sealed in housing. The spring
assembly normally consists of helical spring, or combination
of both. Screening decks consists perforated plate grizzly
type bar construction. The screen gets this motion from a
electric motor through v-belt drive.

Figure -1.1: Vibration grader assembly

Working principle: Motor drives the vibrator through v-
belt. Rotation of this vibrator exerted on the screen basket in
the vertical plane and this causes the vibrating basket to
obtain vibrating motion. The diameter of the circular motion
(twice the amplitude) is fixed by the vibrator and
unbalanced weight fixed on it and it is dependent on
vibrating weight of the machine.. The direction of rotation of
the vibrator is marked on the machine with normal free
floating material and with normal inclination (15 degree to
18 degree), the direction is forward but, material which are
difficult to screen (normally wet materials and when sleep
deck inclination 15 degree to 30 degree) is provided the
direction of rotation.
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Physical principle

» Vibration - either sinusoidal vibration or gyratory
vibration.

» Sinusoidal Vibration occurs at an angled plane relative
to the horizontal. The vibration is in a wave form
determined by frequency and amplitude.

» Gyratory Vibration occurs at near level plane at low
angles in a reciprocating side to side motion.

Gravity - After filtering the material is thrown from the

screen causing it to fall to a lower level.

2. PROBLEM DEFINITION

The vibratory grader which was fabricated by a reputed
manufacturing company was failing during the testing
process. The source of failure was identified as the
occurrence of resonance at the lower frequency level. The
objective of this project is to identify the critical frequencies
and the critical locations where the resonance is taking place.
The objective of the project is to study the dynamic behavior
of the grader by performing the finite element analysis. After
determining the critical frequencies and the critical locations
of the existing vibration grader through finite element
analysis, an optimized design shall be proposed, which will be
resonant free and also meet the design requirement. Modal
and harmonic analysis will be performed to understand and
optimize the dynamic behavior of the vibration grader. NX-
CAD software will be used for 3D modeling and ANSYS
software will be used to do finite element analysis.

3. METHODOLOGY

The methodology followed in this project is as follows:

e C(Create a 3D model of the existing vibratory grader
assembly using NX-CAD software, Later, it is converted
into parasolid file and import the model into Ansys to do
structural analysis.

e Perform static analysis for the operating loads on the
existing model of the vibratory grader assembly.

e Perform Modal analysis to find natural frequencies on
the existing model of the vibratory grader assembly.
From the results, the natural frequencies, mode shapes
and their mass participations of the vibratory grader
assembly are plotted and checked if any natural
frequencies are present in the operating range of the
vibratory grader assembly and critical frequencies are
identified.

e Harmonic analysis is done on the existing vibratory
grader assembly at the critical frequencies obtained
from modal analysis and stresses and deflections are
documented.

e Based on the above results, design changes are
implemented to reduce the stresses and deflections.

e Perform static analysis for the operating loads on the
existing model of the modified vibratory grader
assembly.

e Perform Modal analysis to find natural frequencies on
the modified model of the vibratory grader assembly.

e Perform Harmonic analysis on the modified vibratory
grader assembly at the critical frequencies obtained
from modal analysis and stresses and deflections are
documented.

4.MODELING & ASSEMBLY OF VIBRATION GRADER

The 3d model of vibration is developed using NX-cad
software. The Geometrical dimensions required for
developing part model of each part in total assembly of
vibration grader is done by manufacturing drawings. The
Main components in order to complete the assembly of
vibration grader are below.

Center beam

Counter weight (Non-drive)
Hallow shaft

Main shaft

Bearing housing

Side plates

Side support

Spring support

. V-pulley

10. I-section horizontal support
11. Vibration screen assembly

CONON A WN e

4.1 Hollow Shaft Assembly

CENTER BEAM: Center Beam acts like a support section for
assembly of main shaft to the rotor within attachment of V-
Pulley. The manufacturing drawing and part model of center
beam can see in figures 4.1.1
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Figure -4.1.1: Manufacturing drawing and part model of
center beam.

COUNTER WEIGHT: Counter weight is attached to the main
shaftin order to provide better center of gravity for shaft at
higher shaft rotations. The manufacturing drawing and part
model of counter weight can see in figures 4.1.2
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Figure -4.1.2: Manufacturing drawing and part modeling
of counter weight

HOLLOW SHAFT: Hallow shaft is used to as lid cover for
main shaft which is attached to the main rotor. The
manufacturing drawing and part model of center beam can
see in figures 4.1.3

Figure -4.1.3: Manufacturing drawing of hallow shaft

MAIN SHAFT: Main shaft is the required more specifically
needed for overall performance of the vibration grader. The
main shaft provides vibration motion for total assembly by
rotation with the power of motor. The manufacturing
drawing and part model of center beam can see in figures
4.1.4
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Figure -4.1.4: Manufacturing drawing and part modeling
of Main shaft

V PULLEY: V-pulley is used for connecting main shaft with
high power motor using belts. The manufacturing drawing
and part model of center beam can see in figure

Figure -4.1.5: Manufacturing drawing of V-PULLEY

BEARING HOUSING: Bearing housing is used here to give
free motion to the main shaft to rotate at higher speeds. It
provides best bonding contact with main shaft with v-pulley.
The manufacturing drawing and part model of center beam
can see in figures 4.1.6
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Figure -4.1.6: Manufacturing drawing and 3d model of
bearing housing
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Using Nx-assembly constraints each patis assembled and the
total assembly for main shaft can see below in figure 4.1.7
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Figure -4.1.7: Total Sub-Assembly of Main Shaft
4.2 Main Frame Support Assembly

FRONT END SUPPORT: The below support structure is
considered as main support from the ground level providing
structure fixed support for overall assembly. The
manufacturing drawing and part model of center beam can
see in figures 4.2.1 &4.2.2.
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Figure-4.2.1: Manufacturing drawing of FRONT END
SUPPORT

Figure -4.2.2: 3d modeling of FRONT END SUPPORT

BACK END SUPPORT: Spring support is used to provide
contact status with spring and with side plate support in
order to provide support for side plate with screen assembly.
The manufacturing drawing and part model of center beam
can see in figures4.2.3 & 4.24
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Figure -4.2.3: Manufacturing drawing of BACK END
SUPPORT

Figure -4.2.4: 3D MODELING of BACK END SUPPORT

VIBRATORY SCREEN SIDE PLATE
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Figure -4.2.5: shows the manufacturing drawing of
Vibratory screen side plate
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Figure -4.2.6: Shows the 3D model of Vibratory screen
side plate
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Figure 4.2.7: Shows the manufacturing drawing of
Vibratory screen body

Figure -4.2.8 shows the 3D model of Vibratory screen
body
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Figure -4.2.9 shows the 2D drawing of Vibratory screen
Base

k

Figure -4.2.10 shows the 3D model of Vibratory screen
Base
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Figure -4.2.11 shows the 2D data of Vibratory screen
support spring
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ASSEMBLY OF VIBRATION GRADER

Figure -4.2.12 shows the 3D shell model of Vibratory
screen assembly

5. FINITE ELEMENT ANALYSIS
5.1 Structural analysis on vibration grader

Finite Element Modeling (FEM) and Finite Element Analysis
(FEA) are two most popular mechanical engineering
applications under CAE (Computer aided engineering). This
is attributed to the fact that the FEM is perhaps the most
popular numerical technique for solving engineering
problems. The method is can handle any complex shape of
geometry (problem domain), any material properties, any
boundary conditions and any loading conditions. The
specialty of the FEM gives the analysis requirements of
today’s complex engineering systems and designs where
closed form solutions are governing equilibrium equations
are not available. In addition it is an efficient design tool by
which designers can perform parametric design studying
various cases (different shapes, material loads etc.)
analyzing them and choosing the optimum design.

FINITE ELEMENT METHOD

The FEM is numerical analysis technique for obtaining
approximate solutions to wide variety of engineering
problems. The method originated in the aerospace industry
as a tool to study stresses in complicated structures. To solve
problem it sub divides a large object into smaller elements
that are known as finite elements. The equations then
assembled into large equations that creates the whole
problem

Structural Analysis

Itis useful to find the behavior of the metals when we apply
set of physical loads with respect to boundary conditions

here we can able to find stresses and strain on object with
respect to applied loads and how much deformation we will
get on the object

Methods of performing Structural Analysis

To perform an analysis the structural engineer must assign
proper information regarding the boundary conditions
which is applicable for such kind of problem which includes
loads, geometry, supports, and material properties. The
results of such analysis include displacements, strains and
stresses, support reactions. Then after this analysis may
examine the dynamic response, stability of the object

DESCRIPTION:

ANSYS is a Finite Element Analysis (FEA) widely used in the
Computer Aided Engineering (CAE) field. ANSYS software
allow to generate computer models of structures, machine
components or systems, apply operating loads and other
design requirements and study physical responses, such as
stresses, temperature distributions, pressure, etc. The ANSYS
software has a various analysis systems, ranging from
automobiles to such highly sophisticated systems as aircraft,
nuclear reactor and bridges.

5.2 Finite element modeling

3D model of the vibration grader assembly was developed in
UNIGRAPHICS from the design calculations done. The model
was then converted into a parasolid to import into ANSYS. A
Finite Element model was developed with shell elements.
The elements that are used for idealizing the vibration
grader assembly were described below. A detailed Finite
Element model was built with shell elements to idealize all
the components of the vibration grader assembly. Modal
analysis was carried out to find the first 10 natural
frequencies. Changes were also implemented to shift the
fundamental natural frequency.

The elements that are used for idealizing the vibration
grader assembly are Shell 63.The description of each
element is given below.

MATERIAL PROPERTIES:

All the components of the Vibration grader assembly are
made using hot-rolled structural steel IS: 2062-1999, Grade
A, Fe 410WA.All the components of the vibration grader
assembly are assigned as per the below material properties.

Steel IS: 2062-1999 Mechanical Properties:
Young’s modulus = 200Gpa

Yield Strength = 410 Mpa
Tensile Strength = 250 Mpa
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SHELL63 Element Description

No of Nodes: 4
No. of dof: 6 (Ux, Uy, Uz, Rotx, Roty, Rotz)
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Figure -5.2.1 shows the Shell Element Description

SHELL63 has both bending and membrane capabilities. Both
in-plane and normal loads are permitted. The element has
six degrees of freedom at each node: translations & rotations
in the nodal x, y, and z directions.

The geometry, node locations, and the coordinate system for
this element are shown in the above Figure 1. The elementis
defined by four nodes, four thicknesses, elastic foundation
stiffness, and the orthotropic material properties. The
thickness is supposed to vary smoothly over the area of the
element, with the thickness input at the four nodes.

As the vibration grader assembly is fabricated with thin
sheet metal plates of hot rolled steel the meshing is done
using shell 63 elements.Mid surface extraction was done on
the geometric model and all the surface model of vibration
grader is imported into Ansys APDL and shell mesh was
created.The corresponding thichness of each plate was
assigned as the real constant in Ansys.The total number of
elements created were 48744 and number of nodes created
are 48226.Springs were replaced with spring damper
Combination 14 elements as shown in the below figure.

ELEMENTS
REAL NUM

Figure -5.2.2 Finite element model of the structural
members of Vibration grader assembly

5.3 Static Analysis of Vibration Grader Assembly

A static analysis can however include steady inertia loads
and time varying loads that can be approximated as static
equivalent loads. Static analysis is used to determine the
displacements, stresses, strains and forces in structures or
components caused by loads that do not induce significant
inertia and damping effects. The objective of this analysis is
to check the High stressed locations and deflections on the
Vibration grader assembly for the applied loads and inertia
load (self weight).

Boundary conditions applied on the Vibration grader
assembly

e Base structural members constrained in all DOF as
shown in the below figure.

ELEMENTS
REAL NUM

Figure -5.3.1 Base structure constrained in all DOF

o The weight of the coal particles is applied as a force
load distributed over the screens as follows.

Coal Max. Weight on screen is = 679kg
Force = 679*%9.81 = 6664N (on top plate)
Force = 679*%9.81/2 = 3330N (on bottom plate)

e Gravity load 0f9810 mm/s2 is applied to apply self
weight.
Results:
From the static analysis the deflections and stresses are
calculated and plotted as shown in the below figures.
Maximum deflection of 1.75 mm observed on the vibration
grader.

Maximum VonMises stress of 54.7 Mpa is observed on the
support structure of vibration grader as shown in the below
figure. The yield stress of the material hot-rolled structural
steel IS: 2062-1999, Grade A used for vibration graderis 250
Mpa. The obtained is VonMises stress is very much less
compared to yield strength of the material. Therefore it is
concluded that the vibration grader is safe for the above
applied static loads with factor of safety of 410/54.7=7.4
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NCDAL SOLUTICN

Figure -5.3.2:VonMises stress plot of vibration grader for
static load

The summary of the results obtained for static analysis of
vibration grader are tabulated in the below table.

S.No Deflection
(mm)

VonMises Stress FOS
(Mpa)
1 1.75 54.7 7.4

Table 5.3.1: Summary of results for static analysis
5.4 Dynamic Analysis of Vibration Grader Assembly
5.4.1 Model analysis:

Modal analysis was carried out to determine the natural
frequencies and mode shapes of a structure. In general the
large vibration graders operate in the range of 1500 - 7200
rpm (25 - 120 Hz). The vibration grader used in this project
is a medium size grader which operatesat 0 - 1500 rpm (O -
25 Hz).Any structure will have 'n' of natural frequencies
depending on its geometry and material. Since the maximum
operating range of vibration grader in this project is 25 Hz,
all the natural frequencies in the range of 0 - 25 Hz are
calculated by doing modal analysis. The boundary conditions
used in doing the modal analysis are:

e Isections base is arrested in all Dof for vibration.
e Gravity load is applied to include the self weight.

Results of Modal Analysis: A total of 7 natural frequencies
are obtained in the frequency range of 0 - 25 Hz. The
summary of the natural frequencies obtained is shown in the
below table.

Axis

Up and down Oscillation

4 14135 vibration along Z-axis

Side way Oscillation vibration

> 17.961 along Z-axis

Front and Back oscillation

6 18.29 vibration along Z-axis

Flexural oscillation of front and

7 21.539 back of vibratory screen

Mode Natural
Frequency Natural Modes of Vibration
No
(Hz)
1 2.3609 Lateral Vibration along X-axis
2 8.7672 Oscillation vibration along Z-axis
3 10.672 To and Fro vibration along Y-

Table 5.4.1.1: Modal calculation results of Vibration
Grader

Mode shapes: Mode shapes gives the structure behavior ata
particular natural frequency. The mode shapes for the
natural frequencies mentioned in the above table are plotted
as shown in the below figure.

Mode 1: The Mode 1 is obtained at a frequency of 2.36 Hz.
The natural mode of vibration at this frequency is a Lateral
Vibration along X-axis as shown in the below figure.

0 . 064688 .129375 194063 .258751
032344 .097032 .161719 .226407 291095

Figure -5.;1;.1.1: Mode 1@2.36 Hz for vibration gradér V

Mode 2: The Mode 2 is obtained at a frequency of 8.76 Hz.
The natural mode of vibration at this frequency is a
Oscillation vibration along Z-axis as shown in the below
figure.

) 119389 238779 _ 358168 __ .477558
.179084 ,298474 417963 c

Figure -5.4.1.2: Mode 2@8.76 Hz for vibration grader
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Mode 3: The Mode 3 is obtained at a frequency of 17.96 Hz.
The natural mode of vibration at this frequency is a To and
Fro vibration along Y-Axis as shown in the below figure.

ANSYS
R15.0
FEB 20 2019

20:43:46
FLOT NO. 1

0 .083034 .166067 .249101 .332134
041517 § 12455 207584 290618 373651

Figure -5.4.1.3: Mode3@10.67 Hz for vibration grader

Mode 4: The Mode 4 is obtained at a frequency of 14.13 Hz.
The natural mode of vibration at this frequency is a Up and
down Oscillation vibration along Z-axis as shown in the
below figure.

ANSYS
R15.0]

NCDAL SOLDTICN

0 .103412 .206823 .310235 .413647

051706 15511 258529 361941 465353

Figure -5.4.1.4: Mode 4@14.13 Hz for vibration grader

Mode 5: The Mode 5 is obtained at a frequency of 17.96 Hz.
The natural mode of vibration at this frequency is a Side way
Oscillation vibration along Z-axis as shown in the below
figure.

ANSYS

NCDAL SCLUTICN R15.0}

FEB 20 2019
20:44:03
NO.

.119305 .23861 .357915
.059652 .178957 298262 .417567

0 47722
.536872

Mode 6: The Mode 6 is obtained at a frequency of 18.29 Hz.
The natural mode of vibration at this frequency is a Front
and Back oscillation vibration along Z-axis as shown in the
below figure.

ANSY
NCDAL SOLUTICN %15.%

- FEB 20 2019
20:44:12
PLOT NO. 1

.15761 .315219 > .472829
.236414 394024 .709243

Figure -5.4.1.6: Mode 6@18.29 Hz for vibration grader

]

.630438

.078805 .551633

Mode 7: The Mode 7 is obtained at a frequency of 21.53 Hz.
The natural mode of vibration at this frequency is a Flexural
oscillation of front and back of vibratory screen as shown in
the below figure.

N
NCDAL SOLUTICN A %lYS%
STEP=1 FEB 20 2019
20:44:20
PLOT NO. 1

0 » .156066 .312131 .468197 . 624263 -
.078033 .234099 .390164 .54623 .702296

Figure -5.4.1.7: Mode 7@21.53 Hz for vibration grader

From the modal analysis it is observed that the first 6
vibration modes are deformable modes and modal frequency
lies on the structural stiffness of the vibration grader. The
7th vibration mode is a flexural mode vibrating front and
back. The result shows that the intensity of structure along
the side plates is weaker and easy to break. This kind of
vibration also does not help in screening of the particles. So
the vibration Mode 7 is considered as the critical mode and it
is required to shift this mode above the operating frequency
of 25 Hz. However the mass participation of the vibrations
modes are calculated to understand the structure behavior
in detail at each of the natural frequency. The total mass of
the structure is 18.18 Tons.

Figure -5.4.1.5: Mode 5@17.96 Hz for vibration grader
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M EFFECTIVE | EFFECTIVE | EFFECTIVE
0 FREQUENCY MASS MASS MASS
D (Hz) IN X-Dir IN Y-Dir IN Z-Dir
E (Tons) (Tons) (Tons)
1 2.36088 14.5653 1.39E-06 3.64E-06
2 8.76725 8.21E-03 6.35E-05 9.97E-05
3 10.6717 1.49E-05 11.4976 3.58E-02
4 14.1352 9.97E-05 0.167058 | 10.0001
5 17.961 8.55E-02 1.41E-02 4,52E-02
6 18.2898 2.18E-03 0.433991 | 0.730528
7 21.539 2.94E-03 3.87E-07 1.00E-04

Table 5.4.1.2: Mass participation in X,Y and Z directions
for natural frequencies'

From the above table the following conclusions are made:

» The total mass of the structure is 18.18 Tons.

» A huge mass participation of 14.56 Tons (80 % of total
mass) at a frequency of 2.36 Hz is observed in X-
direction.

» A huge mass participation of 11.49 Tons (63 % of total
mass) at a frequency of 10.67 Hz is observed in Y-
direction.

» A huge mass participation of 10 Tons (55% of total
mass) at a frequency of 14.13 Hz is observed in Z-
direction.

Therefore when base excitation is given. To understand the
structure behavior at the resonant condition and to find
deflections and stresses at these frequencies a harmonic
analysis has to be further carried out. To understand the
structure behavior for base excitation and to find deflections
and stresses at these frequencies

5.4.2 Harmonic analysis

Any continuous cyclic load will produce a continuous cyclic
response (a harmonic response) in a structural system.
Harmonic response analysis gives you the ability to calculate
the continuous dynamic behavior of the structures, thus
makes possible to verify whether or not the designs will
successfully overcome resonance, fatigue, and other negative
effects of forced vibrations. Harmonic response analysis is
method used to determine the steady-state response of a
linear structure to loads that vary sinusoidally
(harmonically) with time. The method is to calculate the
structure's response at several frequencies and obtain a
graph of displacement versus frequency. Here we can
identify peak responses on the graph and stresses reviewed
at those peak frequencies.

Following three steps are useful under harmonic response
analysis:
e C(Create and modify MODEL through design modular.
e Apply loads and supports to obtain the solution.

e Review and check the results.

Harmonic response takes place at forcing frequencies that
match the natural frequencies of the structure. Before
obtaining the harmonic solution, first determine the natural
frequencies of the structure by obtaining a modal solution.

A harmonic analysis, by definition, assumes that any applied
load varies harmonically (sinusoidal) with time. To
completely identify a harmonic load, three pieces of
information are usually required: the amplitude, the phase
angle, and the forcing frequency range

Harmonic analysis was carried out to determine the
operating frequencies, deflections and stress of a structure in
the frequency range of 0 -25 Hz. The number of sub steps is
given as 100, so that results are calculated at an interval of
0.25 intervals. The boundary conditions applied for
harmonic analysis are as follows:

e Base structural members constrained in all DOF as
shown in the below figure.

e The weight of the coal particles is applied as a force
load distributed over the screens.

Coal Max. Weight on screen is = 679kg

Force = 679*%9.81 = 6664N (on top plate)

Force = 679*%9.81/2 = 3330N (on bottom plate)

Gravity load of 9810 mm/s is applied to apply self weight.

ELEMENTS
REAL NUM

Figure 5.4.2.1: Base structure constrained in all DOF for
harmonic analysis

Results of Harmonic analysis: From the harmonic analysis
graphs are plotted between Frequency Vs Amplitude over
the frequency range of 0 to 25 Hz to understand the
amplitude at different frequencies. The graphs are plotted by
taking four different locations (top plate, bottom plate, side
plates and the supports).

Frequency Vs amplitude on top plate: Frequency Vs
amplitude graph is plotted on the top plate of the vibratory
grader as shown below. From the graph it is observed that
the maximum amplitude of 112.5 mm is observed at 14.67
Hz in Z-direction.
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— ANSYS
POST26 R15.0
AMPLITUDE MAR 7 2019

:59:
PLOT NO. 2B

Amplitude (mm) 4

0 5 10 15 20 25
2.5 7.5 12.5 17.5 22.5

12.5
Frecuency (Hz)

Graph 5.4.2.1: Frequency Vs Amplitude on top plate of
vibration grader

Frequency Vs amplitude on bottom plate: Frequency Vs
amplitude graph is plotted on the bottom plate of the
vibratory grader as shown below. From the graph it is
observed that the maximum amplitude of 97 mm is observed
at 14.67 Hz in Z-direction.

o ANSYS
FosT26 S
AMPLITUDE MAR 7 2019
7 18:04:01

T 3 PLOT NO. 3

Amplitude (mm)

Graph 5.4.2.2: Frequency Vs Amplitude on bottom plate
of vibration grader

Frequency Vs amplitude on side plate: Frequency Vs
amplitude graph is plotted on the side plate of the vibratory
grader as shown below. From the graph it is observed that
the maximum amplitude of 80 mm is observed at 14.67 Hz in
Z-direction.

POST26
AMPLITUDE

ANSYS
R15.0
MAR 7 2019
§:05:38
oy FLOT NO. 1
Uz 4

Amplitude (mm) 4

10 15 20
3 B 12.5 17.5
Frecuency (Hz)

Graph 5.4.2.3: Frequency Vs Amplitude on side plate of
vibration grader

Frequency Vs amplitude on support leg: Frequency Vs
amplitude graph is plotted on the support leg of the
vibratory grader as shown below. From the graph it is
observed that the maximum amplitude of 56 mm is observed
at 14.67 Hz in X-direction.

FOST26 R15.0
AMPLITUDE

Lo} PLOT NO. 1

Amplitude (mm) 4o

5 10
7.5

1 20
S 12.5 17.5 2.5
Frequency (Hz)

Graph 5.4.2.4: Frequency Vs Amplitude on support leg of
vibration grader

Deflections and stresses at the critical frequencies:

Deflection and stresses are plotted at the resonant
frequencies obtained from modal analysis to check whether
the structure is withstanding the operating loads or
sinusoidal loads at the resonant frequencies. The resonant
frequencies obtained from the modal analysis are 2.36
Hz,10.67 Hz and 14.13 Hz. The deflections and stresses at
these resonant frequencies are plotted as shown below.

Deflection at 2.36 Hz: A maximum total deflection of 1.8
mm observed on the top plate of the vibration grader at a
resonant frequency of 2.36 Hz as shown in the below figure.

ANSYS

R15.0]
MAR 8 2019
2:44:08
3

NCDAL SQLOTIQN
BLOT NO.

RSYS=0
DMX =1.8288
SMX =1.8288

0 .406399
.203199

.812738 1.2192 1.6256
. 609598 1.016 1.4224 1.8288

Figure 5.4.2.2: Total deflection of vibration grader at
resonant frequency of 2.36 Hz

VonMises Stress at 2.36 Hz: Maximum VonMises stress of
56.2 Mpa observed on the side plate at a resonant frequency
of 2.36 Hz as shown in the below figure.
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ANSYS Deflection at 14.13 Hz: A maximum total deflection of 104

R15.0|

SALOTION
! R T 20 mm observed on the top plate of vibration grader at a
1

resonant frequency of 14.13 Hz as shown below .

37.9032 - - 50.0043
3 7538 56

548

6.25054 12+ 18,7516 ~ 31,2527 56.2!
Figure 5.4.2.3: VonMises stress of vibration grader at
resonant frequency of 2.36 Hz

Deflection at 10.67 Hz: A maximum total deflection of 11 L — — — —
mm observed on the top plate of the vibration grader at a - 115676 2 34,709 %0 51 t " so.o133 * % j0a108
resonant frequency of 10.67 Hz as shown in the below figure. Figure 5.4.2.6: Total deflection of vibration grader at
resonant frequency of 14.13 Hz
NCDAL SOLUTICN AN%IVs%
: VonMises Stress at 14.13 Hz: Maximum VonMises stress of
3132 Mpa observed on the side plate at a resonant frequency
of 14.13 Hz as shown in the below figure.
NCDRL SOLUTION AN%YS%
0_.' .44892 4.89783 7.34675 m
Figure 5.4.2.4: Total deflection of vibration grader at
resonant frequency of 10.67 Hz
VonMises Stress at 10.67 Hz: Maximum VonMises stress of
340 Mpa observed on the side plate at a resonant frequency
0f 10.67 Hz as shown in the below figure. vis oy 6900155 1o, 139,31 . 00846 . 218462

Figure 5.4.2.7: VonMises stress of vibration grader at

A resonant frequency of 14.13 Hz
The results obtained at the resonant frequencies from
harmonic analysis are tabulated below as shown in the
below table.
S.N Resonant Deflection VonMises
o Frequency (Hz) (mm) Stress
(Mpa)
1 2.36 1.8 56.2
2 10.67 11 340
3 14.13 104 3132
— — — N—
37.8132 """ 193,48 " 189,066 “°" 264,692 77" 340.319 Tabl 42.1:R ] f .
Figure 5.4.2.5: VonMises stress of vibration grader at able 5 esults summary at resonant frequencies
resonant frequency of 10.67 Hz
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© 2019,IRJET | ImpactFactor value: 7.34



‘,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 06 Issue: 09 | Sep 2019

www.irjet.net

p-ISSN: 2395-0072

From the above results the following conclusions are made:

e The yield strength of the steel material used for
vibration grader is 410 Mpa obtained from material
properties.

e TheVonMises stress obtained at resonant frequency of
2.36 Hz is 56.2 Mpa. The factor of safety (FOS) is
410/56.2 =7.2.As the FOS is more than 1,it is concluded
that the vibration grader is safe for the resonant
frequency of 2.36 Hz.

e TheVonMises stress obtained at resonant frequency of
10.67 Hz is 340 Mpa. The factor of safety (FOS) is
410/340=1.2.As the FOS is more than 1,it is concluded
that the vibration grader is safe for the resonant
frequency of 10.67 Hz.

e TheVonMises stress obtained at resonant frequency of
14.13 Hz is 3132 Mpa. The factor of safety (FOS) is
410/3132 =0.13.As the FOS is less than 1,it is
concluded that the vibration grader is not safe for the
resonant frequency of 14.13 Hz.

Therefore the modifications are required on the vibration
grader to shift the critical resonant frequencies by adding
the stiffeners. The location of modifications required can be
identified from the mode shapes obtained from the modal
analysis. The modifications are made on the vibration grader
assembly by adding gussets on side plate and additional rib
for screen supports as shown in the below figures.

5.5 Modifications

Modification #1 : The support legs of the vibration grader
are strengthened by adding the extra stiffeners.
Modification #2 : Gussets are added on the side plates of the
vibration grader are as shown in the below figures

Figure 5.5.1: Extra ribs added for support legs, Gussets
added to side plates of vibration grader

Modification #3 : Extra ribs added on the side plates of the
vibration grader are as shown in the below figure.

Figure 5.5.2: Modified model of the vibratory grader
assembly

6. STRUCTURAL ANALYSIS OF MODIFIED
VIBRATION GRADER ASSEMBLY

3D model of the modified vibration grader assembly was
developed in UNIGRAPHICS from the analysis results
obtained. The model was then converted into a parasolid to
import into ANSYS. A Finite Element model was developed
with shell elements. The elements that are used for
idealizing the modified vibration grader assembly were
described in the above chapters.

The elements that are used for idealizing the vibration
grader assembly are Shell 63.

MATERIAL PROPERTIES:

All the components of the modified Vibration grader
assembly are made using hot-rolled structural steel IS: 2062-
1999, Grade A, Fe 410WA.All the components of the modified
vibration grader assembly are assigned as per the below
material properties.

Steel IS: 2062-1999 Mechanical Properties:
Young’s modulus = 200Gpa

Yield Strength = 410 Mpa
Tensile Strength = 250 Mpa

Figure 6: Finite element model of the Modified Vibration
grader assembly
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6.1 Static Analysis of Modified Vibration Grader
Assembly

Static analysis was performed to check the High stressed
locations and deflections on the Modified Vibration grader
assembly for the applied loads and inertia load.

Boundary conditions applied on the Modified vibration
grader assembly

The boundary conditions applied are same as applied to the
original vibration grader as shown below.

e The weight of the coal particles is applied as a force
load distributed over the screens.
Coal Max. Weight on screen is = 679kg
Force = 679*%9.81 = 6664N (on top plate)
Force = 679*9.81/2 = 3330N (on bottom plate)
e Gravity load of 9810 mm/s is applied to apply self
weight.
[ ]

Results:

From the static analysis the deflections and stresses are
calculated and plotted as shown in the below figures.
Maximum deflection of 1.14 mm observed on the vibration
grader as shown in the below figure.

Figure 6.1.1: Total deflection of Modified Vibration grader
assembly

Von mises Stress:

Maximum VonMises stress of 47.9 Mpa is observed on the
support structure of vibration grader as shown in the below
figure. The yield stress of the material hot-rolled structural
steel IS: 2062-1999, Grade A used for vibration graderis 410
Mpa. The obtained is VonMises stress is very much less
compared to yield strength of the material. Therefore it is
concluded that the modified vibration grader is safe for the
above applied static loads with factor of safety of
410/47.9=8.5

» Figilre 6.1.2: Von mises stress for Modified Vibration
grader assembly

The summary of the results obtained for static analysis of
modified vibration grader are tabulated in the below table.

S.No | Deflection (mm) | VonMises Stress (Mpa) | FOS

1 1.15 47 8.5

Table 6.1: Summary of results for static analysis for
modified vibration grader

6.2 Dynamic Analysis of Modified Vibration Grader
Assembly

Model analysis on modified vibration grader

Modal analysis was carried out to determine the natural
frequencies and mode shapes of a structure. In general the
large vibration graders operate in the range of 1500 - 7200
rpm (25 - 120 Hz). The vibration grader used in this project
is a medium size grader which operatesat 0 - 1500 rpm (0 -
25 Hz).Any structure will have 'n' of natural frequencies
depending on its geometry and material. Since the maximum
operating range of vibration grader in this project is 25 Hz,
all the natural frequencies in the range of 0 - 25 Hz are
calculated by doing modal analysis. The boundary conditions
used in doing the modal analysis are:

e [ sections base is arrested in all Dof for modified
vibration Grader assembly.
e  (Gravity load is applied to include the self weight.

Results of Modal Analysis: A total of 4 natural frequencies
are obtained in the frequency range of 0 - 25 Hz. The
summary of the natural frequencies obtained is shown in the
below table.

Mode Natural
Frequency Natural Modes of Vibration
No
(Hz)
Up and down Oscillation
1 5.4 : : .
vibration along Z-axis
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2 1024 Side way Osc1llat101j1 vibration
along Z-axis
3 11.69 Up. and .down Osc1llat1.on
vibration along Z-axis
Up and down Oscillation
4 13.3 : . .
vibration along Z-axis

Table 6.2.1 : Modal calculation results of modified
Vibration Grader

Mode shapes: Mode shapes gives the structure behavior ata
particular natural frequency. The mode shapes for the
natural frequencies mentioned in the above table are plotted.
as shown in the below figure.

Mode 1: The Mode 1 is obtained at a frequency of 5.4 Hz.
The natural mode of vibration at this frequency is a Up and
down Oscillation vibration along Z-axis.

Mode 2: The Mode 2 is obtained at a frequency of10.24 Hz.
The natural mode of vibration at this frequency is a Side way
Oscillation vibration along Z-axis.

Mode 3: The Mode 3 is obtained at a frequency of 11.69 Hz.
The natural mode of vibration at this frequency is a Up and
down Oscillation vibration along Z-axis.

2043011

Figure 6.2.1: Modé Ashhape 1@54 Hz for Modified“ -
Vibration grader assembly

Figure é>.72'/.v2:Mode Vsl.lépe 2@i0.24Hz for“l\r/i»bdified 7777
Vibration grader assembly.
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Figure 6.2.3: Mode“s”l;ape 3@11.69Hz f(;}i\)[odified
Vibration grader assembly.

Mode 4: The Mode 3 is obtained at a frequency of 13.32 Hz.
The natural mode of vibration at this frequency is a Up and
down Oscillation vibration along Z-axis as shown in the
below figure.

‘ 044753 "7 a6 22367 T e
Figure 6.2.4: Mode shape 4@13.32Hz for Modified
Vibration grader assembly.

179013

2313273 40278 |

From the modal analysis it is observed that the first 4
vibration modes are deformable modes and modal frequency
lies on the structural stiffness of the vibration grader.
However the mass participation of the vibrations modes are
calculated to understand the structure behavior in detail at
each of the natural frequency. The total mass of the structure
is 20.1Tons.

EFFECTIVE | EFFECTIVE | EFFECTIVE
MO | FREQUEN MASS MASS MASS
DE CY (Hz) IN X-Dir IN Y-Dir IN Z-Dir
(Tons) (Tons) (Tons)
1 5.4 4.38 0.1E-06 0.2E-06
2 10.24 0.46 0.24E-06 0.25E-05
3 11.69 0.5E-09 1.12 0.91E-01
4 13.3 0.7E-05 0.29 3

Table6.2.2 : Mass participation in all directions for
natural frequencies for modified vibration grader
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From the above table the following conclusions are made:

» The total mass of the structure is 20.1 Tons.

» A mass participation of 4.38 Tons (21.1 % of total mass)
at a frequency of 5.4 Hz is observed in X-direction.

» A mass participation of 1.12 Tons (5.5 % of total mass)
at a frequency of 11.69 Hz is observed in Y-direction.

» Amass participation of 3 Tons (14.9 % of total mass) ata
frequency of 13.3 Hz is observed in Z-direction.

Therefore the frequencies 4.38 Hz, 11.69 Hz and 13.3 Hz are
having mass participations less than 25 % of the total mass.
However these frequencies are likely to get amplified when a
resonance occurs or when base excitation is given. To
understand the structure behavior at the resonant condition
and to find deflections and stresses at these frequencies a
harmonic analysis has to be further carried out.

6.3 Harmonic Response Analysis of Modified Vibration
Grader

Harmonic analysis was carried out to determine the
operating frequencies, deflections and stress of a structure in
the frequency range of 0 -25 Hz. The number of sub steps is
given as 100, so that results are calculated at an interval of
0.25 intervals. The boundary conditions applied for
harmonic analysis are as follows:

e  Base structural members constrained in all DOF.
o  The weight of the coal particles is applied as a force
load distributed over the screens.

Coal Max. Weight on screen is = 679kg
Force = 679*9.81 = 6664N (on top plate)
Force =679*9.81/2 = 3330N (on bottom plate)

e Gravity load of 9810 mm/s is applied to apply self
weight.

Results of Harmonic analysis: From the harmonic analysis
graphs are plotted between Frequency Vs Amplitude over
the frequency range of 0 to 15 Hz to understand the
amplitude at different frequencies. The graphs are plotted by
taking four different locations (top plate, bottom plate, side
plates and the supports).

Frequency Vs amplitude on top plate: Frequency Vs
amplitude graph is plotted on the top plate of the modified
vibratory grader as shown below. From the graph it is
observed that the maximum amplitude of 0.105 mm is
observed at 13.3 Hz in Z-direction.

Graph 6.3.1: Frequency Vs Amplitude on top plate in
linear and log scale for modified vibration grader

Frequency Vs amplitude on side plate: Frequency Vs
amplitude graph is plotted on the side plate of the modified
vibratory grader as shown below. From the graph it is
observed that the maximum amplitude of 0.036 mm is
observed at 5.4 Hz in X-direction.

N AN

Graph 6.3.2: Frequency Vs Amplitude on side plate in
linear and log scale for modified vibration grader

Frequency Vs amplitude on support leg: Frequency Vs
amplitude graph is plotted on the supportleg of the modified
vibratory grader as shown below. From the graph it is
observed that the maximum amplitude of 2.5 mm is
observed at 13.3 Hz in Z-direction.

AN AN

Graph 6.3.3: Frequency Vs Amplitude on support in linear
and log scale for modified vibration grader

Frequency Vs amplitude on bottom screen: Frequency Vs
amplitude graph is plotted on the bottom plate of the
modified vibratory grader as shown below. From the graph it
is observed that the maximum amplitude of 0.05 mm is
observed at 13.3 Hz in Z-direction.
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Graph 6.3.4: Frequency Vs Amplitude on bottom in linear
and log scale for modified vibration grader

Deflections and stresses at the critical frequencies:
Deflection and stresses are plotted at the resonant
frequencies obtained from modal analysis to check whether
the structure is withstanding the operating loads or
sinusoidal loads at the resonant frequencies. The resonant
frequencies obtained from the modal analysis are 5.4
Hz,11.69Hz and 13.3 Hz. However the mass participation for
11.69 Hz is very less (5%),so the stresses and deflections are
plotted only at 5.4 Hz and 13.3 Hz The deflections and
stresses nearest to these resonant frequencies are plotted as
shown below.

Deflection at 5.4 Hz: A maximum total deflection of 1.5 mm
observed on the top plate of the vibration grader at a
resonant frequency of 5.4 Hz.

VonMises Stress at 5.4 Hz: Maximum VonMises stress of
60 Mpa observed on the side plate at a resonant frequency of
5.4 Hz as shown in the below figure.

Figure 6.3.1: Total deflection of modified vibration grader
atresonant frequency of 5.4 Hz

Figure 6.3.2: VonMises of modified vibration grader at
resonant frequency of 5.4 Hz
Deflection at 13.3 Hz: A maximum total deflection of 3.5

mm observed on the top plate of the vibration grader at a
resonant frequency of 13.3 Hz as shown in the below figure.

Figure 6.3.3: Total deflection of modified vibration grader
at resonant frequency of 13.3 Hz
VonMises Stress at 13.3 Hz: Maximum VonMises stress of

100.3 Mpa observed on the side plate at a resonant
frequency of 13.3 Hz as shown in the below figure.

Figure 6.3.4: VonMises of modified vibration grader at
resonant frequency of 13.3 Hz
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The results obtained at the resonant frequencies from
harmonic analysis are tabulated below as shown in the
below table.

S. | Resonant Deflection | VonMises
No | Frequency (Hz) | (mm) Stress (Mpa)
1 5.4 1.5 60
2 13.3 3.5 100.3

Table 6.3 : Results summary at resonant frequencies
From the above results the following conclusions are made:

e The yield strength of the steel material used for
vibration grader is 410 Mpa obtained from material
properties.

e The VonMises stress obtained at resonant frequency of
5.4 Hz is 60 Mpa. The factor of safety (FOS) is 410/60
=6.8.As the FOS is more than 1,it is concluded that the
modified vibration grader is safe for the resonant
frequency of 5.4 Hz.

e The mass participation at 11.69 Hz is very less e only
5% of the total mass. So there will be no excitations at
this resonant frequency because of low mass
participation. Hence it is concluded that the modified
vibration grader is safe for the resonant frequency of
11.69 Hz.

e The VonMises stress obtained at resonant frequency of
13.3 Hz is 100.3 Mpa. The factor of safety (FOS) is
410/100.3 =4.08.As the FOS is more than 1,it is
concluded that the modified vibration grader is safe for
the resonant frequency of 13.3 Hz.

7. RESULTS AND DISCUSSION

Structural analysis:

Static analysis is used to determine the displacements,
stresses, strains and forces in structures or components
caused by loads

e From the static analysis the deflections and stresses are
calculated Maximum deflection of 1.75 mm observed
and Maximum VonMises stress of 54.7 Mpa is observed
on the support structure of vibration grader and factor
of safety of 7.4

Model analysis:

Modal analysis was carried out to determine the natural
frequencies and mode shapes of a structure. The vibration
grader used in this project is a medium size grader which
operates at 0 - 1500 rpm (0 - 25 Hz)

Atotal of 7 natural frequencies are obtained in the frequency
range of 0 - 25 Hz. The total mass of the structure is 18.18
Tons.

e Ahuge mass participation of 14.56 Tons (80 % of total
mass) at a frequency of 2.36 Hz is observed in X-
direction.

e Ahuge mass participation of 11.49 Tons (63 % of total
mass) at a frequency of 10.67 Hz is observed in Y-
direction.

e A huge mass participation of 10 Tons (55% of total
mass) at a frequency of 14.13 Hz is observed in Z-
direction.

Harmonic analysis: Harmonic response analysis gives you
the ability to calculate the continuous dynamic behavior of
the structures.

e The resonant frequencies obtained from the modal
analysis are 2.36 Hz, 10.67 Hz and 14.13 Hz

e The VonMises stress obtained at resonant frequency of
2.36 Hz is 56.2 Mpa. The factor of safety (FOS) is
410/56.2 =7.2.As the FOS is more than 1,it is concluded
that the vibration grader is safe for the resonant
frequency of 2.36 Hz.

e The VonMises stress obtained at resonant frequency of
10.67 Hz is 340 Mpa. The factor of safety (FOS) is
410/340 =1.2.As the FOS is more than 1,it is concluded
that the vibration grader is safe for the resonant
frequency of 10.67 Hz.

e The VonMises stress obtained at resonant frequency of
14.13 Hz is 3132 Mpa. The factor of safety (FOS) is
410/3132 =0.13.As the FOSis less than 1,itis concluded
that the vibration grader is not safe for the resonant
frequency of 14.13 Hz

Structural analysis on modified structure:

e  Static analysis was performed to check the High stressed
locations and deflections on the Modified Vibration
grader assembly for the applied loads and inertia load.
Maximum deflection of 1.14 mm observed and
Maximum VonMises stress of 47.9 Mpa is observed on
the support structure and Factor of safety of 8.5

Model analysis on modified structure:

A total of 4 natural frequencies are obtained in the frequency
range of 0 - 25 Hz. The total mass of the structure is 20.1
Tons.

e Amass participation 0f4.38 Tons (21.1 % of total mass)
at a frequency of 5.4 Hz is observed in X-direction.

e A mass participation of 1.12 Tons (5.5 % of total mass)
at a frequency of 11.69 Hz is observed in Y-direction.

e Amass participation of 3 Tons (14.9 % of total mass) at
a frequency of 13.3 Hz is observed in Z-direction.

e Therefore the frequencies 4.38 Hz,11.69Hz and 13.3 Hz
are having mass participations less than 25 % of the
total mass. However these frequencies are likely to get
amplified when a resonance occurs
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Harmonic analysis on modified structure:

e The VonMises stress obtained at resonant frequency of
5.4 Hz is 60 Mpa. The factor of safety (FOS) is 410/60
=6.8.As the FOS is more than 1,it is concluded that the
modified vibration grader is safe for the resonant
frequency of 5.4 Hz.

e The mass participation at 11.69 Hz is very less Le. only
5% of the total mass. So there will be no excitations at
this resonant frequency because of low mass
participation. Hence it is concluded that the modified
vibration grader is safe for the resonant frequency of
11.69 Hz.

e The VonMises stress obtained at resonant frequency of
13.3 Hz is 100.3 Mpa. The factor of safety (FOS) is
410/100.3 =4.08.As the FOS is more than 1,it is
concluded that the modified vibration grader is safe for
the resonant frequency of 13.3 Hz.

8. CONCLUSION

In this research the dynamic behavior of the vibration grader
was studied by performing the finite element analysis. 3D
model of the existing vibration grader was developed using
NX_CAD software. Static analysis was carried out on the
original model for operating loads and found that the design
was safe for static loads. Modal analysis was performed
followed by harmonic analysis to determine the resonant
frequencies and found that the vibration grader was not safe
for the resonant frequency of 14.13 Hz. Later modifications
were made on the vibration grader assembly by adding
gussets on side plate and additional rib for screen supports.
Modal analysis was performed followed by harmonic
analysis to determine the resonant frequencies and found
that the modified vibration grader is safe at the resonant
frequencies. From the analysis results it is concluded that the
modified vibration screen is safe for the operating dynamic
loads.
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