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Abstract—

Inline knockout machine is designed to separate
sand and castings from mold box. Vibration is controlled
by unbalanced weights provided on each side of spindle.
Failure of the components such as vibrating box, vibrating
frame, and damper takes place after certain number of
cycles. Modal analysis and harmonic analysis have been
carried out based on dynamic analysis technology. The
working frequency selection of the vibrating screen was
studied using ANSYS. A simplified model of vibrating box
and vibrating screen was constructed by using CATIA,
and then imported into the ANSYS workbench to carryout
analysis of modal and harmonic characteristics. The stress
distribution, deformation and structural natural
frequency, mode shapes under static loads of the self-
balance vibrating screen were calculated, to provide
theoretical basis for the analysis of the dynamic
characteristics and structure optimization design of
vibrating screen and to ensure the screen and box has
sufficient strength and longevity.

Keywords - Working Frequency, Modal and Harmonic
Characteristics, Natural Frequency, Mode Shapes.

l. INTRODUCTION

The vibrating screen is a common screening machine for
industrial and mining enterprises. It is made up of vibrator, a
screen box, a damping device and Transmission device. The
exciting force is generated by the vibrator when the vibrating
screen works. The shaker box may break in the long-term
work; especially the sides of the screen box may fracture. This
paper adopted a knockout machine as the object to study and
analyse the stress distribution and deformation under static
loads, check the strength of shaker box and analyse whether it
will resonate by calculating the natural frequencies and mode
shapes of the structure. The vibrating screen do forced
vibration when it is under high-intensity loads. It is prone to
fatigue failure [1]. The key components of the Inline knockout
machine is vibrating screen are screen box, because of its
complex structure and shape; use of analytical design methods
for calculation of stresses is very unconventional, so software
such as ANSYS adopting modified numerical method to carry
out calculation is used.

ILVIBRATING SCREEN WORKING PRINCIPLE AND
MOTIVATION OF THE WORK

The simplest Vibrating Screen Working Principle can be
explained using the single deck screen and put it onto an
inclined frame. The frame is mounted on springs. The
vibration is generated from an unbalanced flywheel.
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Figl. Inline knockout machine

A very erratic motion is developed when this wheel is rotated.
A double counterbalance system is used in the horizontal
screen. The counterbalance weight will alternately promote
and retard the direction of vibration depending upon where
within each revolution the weights come opposite each other.
The first sign that an operator has indicating that the fatigue in
the body of the screen deck is almost at a critical stage in its
development are the hairline cracks that will appear around the
vibration’s point of origin.

I1l. MODELING OF THE COMPONENTS

The vibrating box is divided into two parts: Vibrating frame
and screen frame. Because of the complex of structure and too
many parts of screen and screen frame, the finite element
models of them are very difficult to be building by using the
ANSYS. Because CAD is mature and operational software, it
can quickly create virtual models of screen and screen frame.
Therefore, the combination of CAD and ANSYS is very
necessary for analysing vibrating screen. The CAD model was
changed into a standard format which can be imported into
ANSYS in order to get finite element model. CATIA V5 is
able to read and produce STEP format files for reverse
technological innovation and surface recycling [4].The
following simplified steps are taken:

(a) Some small connectors, fixing bracket, other non-bearing
components and functional parts are omitted.

(b) All chamfers, fillets, rivets and welding spots are ignored
which are not the major factors to reduce the workload of the
modelling.

(c) Ignore the technological holes and bound holes on the
screen box as such small diameter holes has little effect on
general strength and stiffness of the structure, but the mesh
units will greatly increase.

308|Page



Proceedings of 4th RIT Post Graduates Conference (RIT PG Con-18)

NOVATEUR PUBLICATIONS

JournalNX- A Multidisciplinary Peer Reviewed Journal (ISSN No:2581-4230)

April, 13th, 2018

(d) The parts of screen box are thin-walled plate except the
motor base.

IV. PREPROCESSING

A. Connections And Preloading —

Import the modal in the ANSY'S for the analysis purpose. Auto
connection feature is used to define all the connection of the
geometry. Spring is used as one more connection for dampers;
there are two types of springs

1. body-body type 2.Body- ground type.

We have used body-ground type spring here, in this type of
spring reference is grounded (fixed) to the ground i.e there is
no any directional moment along any side of body, it will act
as base of spring damper. Scoping- the working part of spring
is considered as mobile direction of body, the direction in
which spring is going to experience compression or expansion.
By considering all above explanation constraints of spring will
be GROUND to part 325121 00 003 (upper part of spring
damper support)

Stiffhess of spring 120.94 N/mm~2 is used as one of the input
characteristic of spring. Preloading i.e approximate load which
is acting on the spring is also considered in the analysis
because spring may suffer pre deformation due the load
applied by the whole structure. Approximately 3 ton preload is
applied on the spring.in this analysis only one spring is
considered as working condition.

B. Meshing of Model

Imported model from CATIA is required to mesh for further
analysis. Efforts are made to achieve finer mesh for accuracy
of results. For meshing first auto mesh is generated, face
sizing and edge sizing is applied on the edges of circular part
and face sizing is applied on side walls of the box. Mesh is hex
dominant in meshing number of nodes formed are 403425 and
number of elements are 57722.

Niesz017 1012 A

Fig 2. Meshed model of inline knockout machine

V. MODAL ANALYSIS

Modal analysis is used to determine a structure’s vibration
characteristics natural frequencies and mode shapes. Different
mode shapes for different frequencies of structure can be
determined in modal analysis. The purpose of natural
characteristic analysis is to avoid resonance and harmful
vibration modes and improve the reliability and service life of
screen and screen frame [6]. For a free vibration analysis, the
natural circular frequencies wi and mode shapes @i are
calculated from the equation.

([K]-o?[M D=0

Following assumptions are made to use this equation-

* {F} is not present, so no excitation of the structure is
assumed

* The structure can be unconstrained (rigid-body modes
present) or partially/fully constrained, depending on the
physical structure

* Mode shapes are @i - i is corresponding mode number.
* oi -natural frequency
* [K]- stiffness matrix [M] -mass matrix

In modal analysis we have considered first ten modes of
vibration for analysis. Maximum 10 modes to find under
frequency range 0-10 Hz. We can check the behavior of
structure at higher frequency but the natural frequency of the
structure is 4 Hz, so only frequency range up to 10 Hz is
considered.

TABLE | BEHAVIOR OF THE SYSTEM FOR FIRST TEN
MODE AND ITS CORRESPONDING FREQUENCIES.

Mode | Effect Name of part Deformation(mm)

325121 00 005
Default<As
Machined>

Minimum
2.9041e-010

325121 00 013
Default<As
Machined>-32

1 Maximum
223.78

Minimum | 325121 00
2 005Default<As
Machined>

1.5326e-010

325121 00 013-
6

Maximum 130.58

32512100
005_Default<A

s Machined>

3 Minimum 1.4019e-010

325121 00
013 _Default<A
s Machined>-7

118.14
Maximum

325121 00
013 _Default<A
s Machined>-30

4 Minimum 8.3181e-009

Maximum | 325121 00 003 | 4.4984

32512100
005_Default<A

s Machined>

5 Minimum 7.3041e-010

32512100

013 Default<A

Maximum 172.27
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s Machined>-6 .
325 121 00 Fur:‘qt:u;n;y: 6.0832e-004 Hz
6 Mlnlmum 12/26/2017 10:18 A
005_Default<A 1.7307e-010 9510 s
s Machined> i
325121 00 Tasss
Maximum 013_Defau|t<A 177.57 3.879e-11 Min
s Machined>-6
32512100
Minimum | 005_Default<A
7 s Machined> 3.2495e-010 Fig 4- Total deformation -10 at frequency 0.00060832 Hz .
Maximum | 325121 00 168.73 TABLE Il DIFFERENT MODES OF NATURAL FREQUENCIES
013 Default<A
s Machined>-35
Frequenc - -
Minimum | 325 121 00 005 | 2.1918e-010 Mode y [Hz] Characteristic Of Vibration Mode
8 32512100
Maximum 013 Default<A 196.7 R'Igld mothn (translational mt?tlon,
- 1. pitch vibration) along x,y,z axis at
s Machined>-8 second compartment.
325 121 00 Rigid motion along x,y,z axis, at fourth
Minimum 2. compartment.
005_Default<A
o 1.7127e-009 0 Rigid motion along x,y,z axis, at third
s Machined> 3 compartment
9 - :
325 121 00 4, Displacement at damper support.
) 013_Default<A 5. Rigid motion along x,y,z axis, at fourth
Maximum 151.72 6 compartment
s Machined>-30 : :
o 325 121 00 7| 0.000232 Rigid motion along x,y,z axis, at third
0 Minimum 018_Default<A 3.879%e-011 : compartment.
s Machined>-1 8. 0.000556 Rigid motion along x,y,z axis, at first
compartment.
Maximum | 32512100019 | 49.66 iqi i i i
0. 0.000589 Rigid motion x,y,z axis, at third
compartment
H;,l‘,g:f,o,:,r,:,::‘ao.n 10. | 0.000608 Rigid motlon along x,y,z axis,
L supporting L plates of screen

Frequency: 0. Hz

Unit: mm

12/26/2017 1074 AM

221.78 Max

19392
174,05
14819
12432
0048

74395
.73

24,865

2.0041e-10 Min

Fig 3-Total deformation-1 at frequency 0 HZ

TABLE 111 NOMENCLATURE OF COMPONENTS

Sr | Component number Component name
no
1 | 32512100 005 Default<As Supporting parts of damper
Machined> at ground
2 | 32512100 013 Default<As Vibrating frame —second
Machined>-32 compartment
3 | 325121 00 013_Default<As Vibrating frame —fourth
Machined>-6 compartment
4 | 32512100 013_Default<As Vibrating frame —second
. : compartment, horizontal
Machined>-7 section
5 | 32512100 013_Default<As
Machined>-30 Vibrating frame —third
compartment
6 | 32512100003 Vibrating box —front part
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7 | 32512100 013_Default<As Vibrating frame —third
Machined>-35 compartment
8 | 32512100013 Default<As Vibrating frame —first
Machined>-8 compartment
Horizontal section
9 | 325 121 00 013_Default<As | Vibrating frame -third
Machined>-30 compartment
Inclined section
10 | 325 121 00 018_Default<As
Machined>-1 Vibrating box side wall
11 | 32512100019 Supporting  L-plates  of
frame

V1. HARMONIC RESPONSE ANALYSIS
Harmonic analysis is used to determine the structural response
at steady-state sinusoidal loads at a given known frequency.
This will give a closer look to verify whether or not our
designed part sustains the fatigue, resonance, and other
harmful effects of forced vibrations. Harmonic or frequency
response analysis considers only one frequency loading[5].
The loads may not be in phase with each other, but the
excitation is at a known frequency. This process is not used for
any transient load. Before performing harmonic analysis,
always run modal analysis to gain an understanding of the
dynamic behavior of the model. For the following analysis the
frequency range considered is in between 0-10Hz with
solution interval 10.constant damping ratio is 0.0002.

3.3159mm and 325 121 00 005 part has minimum of 1.05e-
013mm.Maximum 3.19mm and minimum 5.15e-014mm
deformation can be seen on part 325 121 00 002 and 325 121
00 005.For last mode maximum deformation 1.72e-013mm on
part 325 121 00 005 and minimum deformation 1.93mm on
325 121 00 018-5 is observed.

VIILEQUIVALENT STRESSES

first mode of frequency in which 17.005 Mpa stress can be
seen on part 325 121 00 002 and minimum stress 1.09e-011
can be seen on part 325 121 00 003.In second mode of
vibration maximum equivalent stress 23.563Mpa present on
325 121 00 002 and minimum stress 1.4546e-011 on part 325
121 00 003.for third mode Maximum 208.63 Mpa von mises
stresses can be seen on part 325 121 00 013-2,0n part 325 121
00 003 Minimum stress of 5.44e-011Mpa.For fourth mode
maximum and minimum equivalent stresses are 3057.3 Mpa
and 4.04e-011 Mpa on parts 325 121 00 003 and 325 121 00
018-2 respectively. In fifth mode of vibration maximum effect
can be seen on part 325 121 00 013-2 and minimum on 325
121 00 003 of 75.78 Mpa and 9.30e-012Mpa respectively.
Maximum effect can be seen on part 325 121 00 018-2 which
is 28.25 Mpa and minimum of 6.18e-012Mpa on 325 121 00
003 in mode 6. Considering mode 7 we can observe that
maximum equivalent stress 16.896Mpa on part 325 121 00
018-8 and minimum 3.2495e-010Mpa on part 325 121 00 003
can be seen. For eighth mode, 325 121 00 018-8 and 325 121

Object Name| Force |Force 2 |Force 3 | Force 4 |Force 5 00 003 and corresponding maximum stress 32.17 similarly
State Fully Defined minimum effect 2:1§9e-012Mpa. For ninth m_ode of vibration
s maximum and minimum equivalent von mises stresses are
Scoping Method Geometry Selection 102.22 Mpa and 3.27e—01_2 on part 325 121 00 018-8 and 325
Geometry 1 Face 121 00 005.for last mode |.e_tenth mode 325 121 00 0;9 and
= 325 121 00 003 parts maximum and minimum equivalent
Lo | - stresses are of 19.039 Mpa and 1.94 Mpa respectively.
Type Force
Define By Vectar _ Options
Magnitude |-980_ N|-1470_ N] 490_ N | 690_ N | 245N Rangs Miimum 0.He
Range Maximum 10. Hz
Phase A”gle 0.° Solution Intervals 10
Direction Defined Solution Method Mode Superpasition
Suppressed Mo Cluster Results No
Modal Frequency Range Program Controlled
Fig 5- forces applied on vibrating screen R M R Yes
Qutput Controls
VII. TOTAL DEFORMATION s Yes
rain Yes
Considering above inputs,for the first mode maximum c9|cu|a|:|2d;l:;:§i2 \f;
deformation is 13.751 mm and minimum is 4.25e-012 mm on General Miscellaneous ™
part 325 121 00 005 and 325 121 00 018-7 respectively.In Damping Controls
second mode of vibration on part 325 121 00 018-7 maximum Constant Damping Ratio 2.e-004
effect of vibration can be seen which is 19.415mm and on part Stiffness Coefficient Define By Direct Input
325 121 00 005 minimum deformation 1.95le-012mm is Stifness Cosficient 0.
observed.for the third mode maximum and minimum Mass Coeficient e =
deformation is 65.65mm and 6.23e-012mm respectively on Sabver Files Directory | C WUsers\hp\Desktoplprojectifinalphase2_files\dp0\SYS-MECH\
parts 325 121 00 014 and 325 121 00 005.In fourth mode part Future Analysis None
325 121 00 018-8 suffers maximum deformation of 163.26mm Scratch Solver Files Directory
and 325 121 00 005 suffer minimum deformation of 5.8766e- Save MAPDL db No
012mm.considering fifth mode maximum deformation is Delete Unneeded Files _Yes
13.564 and minimum deformation is 7.59e-013mm.in sixth - Solver Unts Actve System
alver Unit System nmm

mode part no 325 121 00 018-8 suffers maximum deformation
Of 6.933mm and part 325 121 00 005 shows mimimum
deformation 4.1977e-013mm. for seventh mode maximum
deformation is on 325 121 00 18 and minimum on 325 121 00
005.1n eigth mode part 325 121 00 0018-4 has deformation of

Fig 6- Input data for harmonic response analysis.
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ﬁ:ﬁamufc’kespm
Total Deformation
Type: Total Deformation
Frequency: 4, Hz

Phase &ngle: 0. °

Unit: mm

1/20/2018 11:28 AM

163.26 Max
145,12

Min s

5.8766e-12 Min
Fig 7- Maximum total deformation for mode 1

IX.FREQUENCY RESPONSE

In harmonic analysis peak response will correspond to naturel
frequency .So we will consider the frequency response of the
structure and will plot the graph frequency vs amplitude for 10
frequencies. Considering above statement we can infer that 4
HZ is the naturel frequency of the vibrating structure.

Type: Equivalent (von-Mises) Stress
Frequency: 4, Hz
Phase Angle: 0. °
Unit: MPa
172172018 9:58 AM

3057.3 Max
27176

4.0435e-11 Min

TaaNN?
Fig 8- Maximum equivalent stresses for mode 4

0.102 A

6.13e-2

3.67e-2

[nd
T
®

fa

1.32e-2

Amplitude (MPa)
™~
w

4.73e-3

2.83e-3

1.7e-3

3.75 5. 6.25 7.5

Frequency (Hz)

Fig 9- Frequency Response

TABLE 124
Model (44, B4) > Harmonic Response (B5) > Solution (B6) > Result Charts
Object Mame | Frequency Response
State | Solved
Scope
Scoping Method| Geometry Selection
Geometry 1167 Faces
Spatial Resolution Use Average
Definition

Type|  Normal Stress

Orientation K Axis

Suppressed Mo
Options

Use Parent
0. Hz
10. Hz

Amplitude

Frequency Range
Minimum Frequency
Maximum Frequency

Display

Results

Maximum Amplitude
Frequency

Phase Angle

Real

Imaginary

0.1024 MPa
4 Hz
064571 °
010239 MPa
1.1539-003 MPa

X.CONCLUSION

In the above failure analysis we have conducted modal
analysis and harmonic analysis to understand the behavior of
the components vibrating screen and vibrating box under
dynamic loading.

1. From a free vibration analysis, the natural circular
frequencies wi and mode shapes @i are calculated which will
give idea about the behavior of the component (mode shape)
for a particular frequency. From the above analysis we can
infer that maximum deformation is seen at frequency O HZ
which is 223.78 mm. Effect of this frequency is seen at second
compartment of vibrating screen, which is rigid motion along
X,y,z direction obtained. Minimum deformation of 49.666 mm
is obtained at 0.00060832 HZ frequency. Nature of the
deformation is rigid motion along x,y,z axis, supporting L
plates of screen.

To avoid this maximum deformation of 223.78 mm at
0 HZ and 49.666mm at 0.00060832 HZ on corresponding
components vibrating screen and supporting L plates suitable
changes are required to make in the components to avoid the
this maximum deformations.

2. From harmonic response analysis we can take a
closer look at the behavior of the system under cyclic loading
and its response such as fatigue, resonance, and other harmful
effects of forced vibrations.

Maximum stress is developed at part 325 121 00
018 Default<As Machined>-2 which is maximum of 3057.3
Mpa and minimum of 4.0435e-011 Mpa on 325 121 00
003,corresponding changes are required to make in front part
of vibrating box and supporting parts of dampers to avoid this
stress concentration on the part.

Maximum deformation is developed at part 325 121
00 018 Default<As Machined>-8 which is maximum of
163.26 mm and minimum of 5.8766e-012 mm on 325 121 00
005_Default<As Machined>. Corresponding changes are
required to make in to front part of vibrating box and
supporting parts of dampers avoid this deformation on the part
so that the part can resist these deformations.

3.In  frequency response peak response will
correspond to naturel frequency .So we will consider the
frequency response of the structure, we can conclude from
graph frequency vs amplitude that 4 HZ is the naturel
frequency of the vibrating structure.

To avoid resonance of structure frequency of forced
vibration must be greater or lower than 4 HZ.
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