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  Abstract-  A  study  will  be  carried  out  to  find  the
characteristics  of  mode  (and  vibrational)  responses  of  heavy
vehicle chassis subjected to vibrations .The chassis of the truck is
modeled in CATIA V5 software and meshing in a Hyper mesh 12
software for carrying out analysis. Further this meshed model is
imported  to  ANSYS  and  modal  analysis  is  performed.  The
vibration characteristics (natural frequencies and mode shapes)
of  a  structure  or  a  machine  component  during  free  vibration
modal  analysis are determined by modal  analysis.  The natural
frequency  and  mode  shapes  are  important  parameters  in  the
modal analysis of any component. Mode shapes are obtained by
giving  suitable  conditions  with  some  excited  input
(frequency).Hence, using Modal analysis defects can be detected
and  necessary  modifications  such  as  change  in  material,
geometry of stiffener, etc. can be made. 
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I. INTRODUCTION 

Chassis is a major component in a vehicle system. The study involves
modal analysis to determine key characteristics of the truck chassis.
The identification of location of high stress area and determination of
the  torsional  stiffness  of  the  chassis  is  included  in  static
characteristics.  Finite  element  method  is  used  to  determine  the
dynamic characteristics of truck chassis such as the natural frequency
and  mode  shape.  The  validation  of  the  FE  model  is  done  by
experimental  modal  analysis.  Modal  updating  of  the truck chassis
model  was  done  by  adjusting  the  selective  properties.  Predicted
natural frequency and mode shape were compared with experimental
results. To reduce the vibration, improve the strength and to optimize
the weight of the truck chassis, the modifications were made to the
truck  chassis  model.  A  modal  analysis  determines  the  vibration
characteristics natural viz. frequencies and mode shapes of a structure
or a machine component. The natural frequencies and mode shapes
are  important  parameters  in  the  design  of  a  structure.  It  can  also
perform  a  modal  analysis  on  a  pre-stressed  structure,  such  as  a
spinning turbine blade. Modal analysis is the study of the dynamic
properties of structures under vibrational excitation. Finite element
analysis  normal  mode  solutions  can be  correlated  with  the  results
obtained. 

                            II. LITERATURE REVIEW

[1] The aim of the project is to find the characteristics of mode (and
vibrational)  responses  of  heavy  vehicle  chassis  at  particular
frequency  inputs.  The  chassis  dimensions  are  measured  from  an
automobile workshop and are developed in CATIA V5 R20 media
and are imported to ANSYS commercial  software to carry out the
modal  analysis.  Determination  of  the  vibration  characteristics  viz.
natural  frequencies  and  mode  shapes  of  a  structure  or  a  machine
component during free vibration is carried out by modal analysis. The
natural frequency and mode shapes are important parameters in the
modal  analysis  of  any  component.  Mode  shapes  are  obtained  by
giving  suitable  conditions  with  some  excitations.  Block  Lanczos
method is used in modal analysis. We can detect the defects in the
component  by  analyzing  the  mode  shapes  by  analyzing  mode
shapes  .Thus  the  damage  can  be  fixed  by  changing  the  natural
frequency or other parameters. We come to know of the mode shapes
and their changes according to the frequencies by using the ‘Modal
Analysis’ feature of ANSYS. In this way the unwanted vibrations are
determined  and  eliminated  by  further  respective  processes.  This
paper shows only mode shapes and their results, in the next step we
will do the analysis of mode shapes.  

[2] Ladder type chassis frame is analyzed in this study. The Chassis
consists of side members attached with a series of cross members to
form the ladder like structure. They were designed for functionality
and provided  little torsional stiffness.  For  stress analysis  the FEM
tool is used. Determination of critical regions in the chassis frame is
carried  out  by  FEM  with  required  boundary  conditions.  Design
modification  has  been  done  based  on  the  results  obtained.  To
determine the natural frequency and mode shapes of the system the
modal  analysis  of  the  chassis  frame  is  done.  The  rigidity  of  the
system was analyzed and their resonance could be avoided.
    
[3]  The vibrational  characteristics  of  the car  chassis  including the
natural  frequencies  and  mode  shapes  are  studied  in  this  paper.
Chassis forms the structural backbone of an automobile vehicle. The
car  chassis  is  excited  by  dynamic  forces  caused  by  the  road
roughness,  engine,  transmission  and  more.  Modal  analysis  using
Finite  Element  Method  (FEM)  can  be  used  to  determine  natural
frequencies and mode shapes. The modal analysis has been carried
out by the Commercial finite element packaged ANSYS in this paper.
The  simulation  of  the  model  with  appropriate  accuracy  and  with
considering the effect of bolted and riveted joints has been carried
out. The model has been analyzed and first 6 frequencies that play
important  role  in  dynamic  behavior  of  the  chassis  have  been
explained.     
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I. PROBLEM DEFINITION AND OBJECTIVES

It identifies that the work should focus on vibration aspects of chassis
design.  Therefore, the modelling and analysis  of truck chassis and
study of the natural frequencies is aimed in the present study. In the
present study, we have consider the following model.
The project objectives are as follows:

 Determination of the modal frequency and mode shape of the
chassis by using modal analysis.

 To  study  the  dynamic  behaviour  of  the  truck  chassis  by
changing the geometry,  topology and structural properties of
the chassis.

 To  improve  chassis  design  by  reduction  of  the  weight  of
chassis.

II. METHODOLOGY

III. DESIGN AND MESHING

The chassis is designed in order to carry the loads and weights  of
other  structural  components.  There  are  three  phases  in  which
modelling and analysis is carried out. In first phase, the FE model of
the truck chassis frame is built using CATIA V5 R20. The detailed
CAD model is shown in Figure 3.1, which shows the dimensions of
the truck chassis frame in detail.

Figure: 3.1 Chassis frame CAD model

The  second  phase  consists  of  exporting  the  CAD  model  to
Hypermesh  12.  In  Hypermesh  12,  meshing  is  done  and  boundary
conditions  are  applied.  During  mesh  operations,  some  quality
parameters should be maintained viz.  aspect ratio, skew, Jacobean,
minimum element size, warpage. The model after meshing is shown
in Figure 3.2. The total number of elements formed is 17309. The
size of the element is maintained 15 mm throughout. The chassis is
made of structural steel. 

The material properties are:

Material: Steel 1020

Young’s modulus: 210 GPa

Mass Density: 7.8300E-09 tonnes/mm3 

Poison’s ratio of the material: 0.3

Then in the third phase, the modal analysis is carried out, in which
the following assumptions are made:

 Damping should be ignored in the modal analysis.
 All applied loads should be ignored, if any.
 Material is presumed to be homogeneous, isentropic & elastic.
 All  the  geometrical  and  material  properties  of  the  model  are

given in SI unit system.
 Block  Lanczos  method  is  applied  for  extraction  and  also  for

expansion of the modes.
 Results which include natural frequencies of the model and mode

shapes are viewed in ANSYS workbench in post- processing.

Modal analysis is performed after creating the chassis finite element
model.  This  finite  element  is  meshed  in  free-free  state  with  no
constraints.  The  results  are  calculated  for  the  initial  12  frequency
modes. And the results indicate that road simulations are the most
important concern for chassis. In modal analysis, the use of subspace
method  in  ANSYS  is  done.  Since  there  were  no  constraints
considered,  the  initial  6  frequency  modes  are  close  to  zero  value
(order 10-2).
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Fig.3.3
Modal Analysis in ANSYS

IV. RESULTS

By using ANSYS software,  12 modes  of  minimum frequency are
obtained  by  applying  Block  Lanczos  extraction  method.  It  is
observed that the natural frequencies of the model are obtained to be
high when the stiffness is of high value.

4.1 Mode Shapes of Original Model

Mode shapes can be defined as the shapes of the structure at different
natural frequencies. The determination of the mode shapes is done by
using Eigen value of vibration equations.

Figure 4.1.1 Mode 1-Natural frequency 0 Hz

Figure 4.1.2 Mode 2-Natural frequency 0 Hz

Figure 4.1.3 Mode 3-Natural frequency 0 Hz

Figure 4.1.4 Mode 4-Natural frequency 0 Hz
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Figure 4.1.5 Mode 5-Natural frequency 0 Hz

Figure 4.1.6 Mode 6-Natural frequency 0 Hz

Figure 4.1.7 Mode 7-Natural frequency 54.98 Hz

Figure 4.1.8 Mode 8-Natural frequency 115.87 Hz

Figure 4.1.9 Mode 9-Natural frequency 116.11 Hz

Figure 4.1.10 Mode 10-Natural frequency 142.59 Hz
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Figure 4.1.11 Mode 11-Natural frequency 143.49 Hz

Figure 4.1.12 Mode 12-Natural frequency 151.96 Hz

Table 4.1 Mode numbers & frequencies of the original model

Results’ graph:

For the respective model, the frequencies of vibrations and the mode
shapes  are  shown  in  fig.  4.2.1  to  4.2.12.  The  graph  of  the  mode
shapes versus frequencies is plotted in fig. 4.1.13.

Figure 4.1.13 Mode shapes versus frequency

4.2 Mode Shapes of the Improved Model.

Figure 4.2.1 Mode 1-Natural frequency 0 Hz
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Figure 4.2.2 Mode 2-Natural frequency 0 Hz

Figure 4.2.3 Mode 3-Natural frequency 0 Hz

Figure 4.2.4 Mode 4-Natural frequency 0 Hz

Figure 4.2.5 Mode 5-Natural frequency 0 Hz

Figure 4.2.6 Mode 6-Natural frequency 0 Hz

Figure 4.2.7 Mode 7-Natural frequency 64.119 Hz
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Figure 4.2.8 Mode 8-Natural frequency 132.10 Hz

Figure 4.2.9 Mode 9-Natural frequency 149.22 Hz

Figure 4.2.10 Mode 10-Natural frequency 161.47 Hz

Figure 4.2.11 Mode 11-Natural frequency 166.54 Hz

Figure 4.2.12 Mode 12-Natural frequency 173.82 Hz

Table 4.2 Mode Number & frequencies of the improved model
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Results’ graph:

Figure 4.2.13 Mode shapes versus frequency for the improved model

4.3 Comparison of the original and improved model.

In the following table, the natural frequencies for the corresponding
mode  shapes  have  been  compared  for  the  original  and  improved
model.

Table 4.3 Comparison of the natural frequencies

Figure 4.3.1 Mode shapes versus frequency graph for original and
improved model

From the table 4.3 and graph fig. 4.3.1, it is observed that the modal
frequency of the model is increased from 0 to 173.82 Hz for the mode
shape 1 to 12 in the improved model. And hence the modal analysis
can be conveniently used in the design phase. It can help the designer
to understand and predict the vibration characteristics of the design
model  in  order  to  construct  a  design  for  the  better  stability  and
strength of the chassis.

V. CONCLUSION

 It  can  be  concluded  that  the  initial  six  modes  (closer  to  zero
frequencies)  will  produced rigid body motion.  It  indicates  that
there are no connectivity issues in the FEMs.

 From the observation of  7th and 12th mode for  original  model,
which  shows positive modes with  the frequencies  greater  than
40Hz for 7th mode and 12th mode with frequencies under 150Hz,
it  is  concluded  that  no  resonance  will  be  observed  if  the
components  that  are  to  be  mounted  on  the  frame  have  their
natural frequencies below 40Hz or above 150Hz.

 From the observation of 7th and 12th mode for improved model,
which  shows positive modes with  the frequencies  greater  than
64Hz for  7th mode  and  12th mode  with  the  frequencies  under
174Hz, it is concluded that no resonance will be observed if the
components  that  are  to  be  mounted  on  the  frame  have  their
natural frequencies below 64Hz or above 174Hz.

 In general, the fuel tank, fuel filter, electronic air processing unit
(EAPU) and their  mounting brackets,  etc.  are  mounted  on the
chassis  frame.  Therefore,  it  should  be  implemented  that  these
components  do  not  produce  any  vibrations  when  put  into
operation keeping in consideration the results of modal analysis.
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VI. FUTURE SCOPE

 The natural frequencies of vibrations that are obtained in modal
analysis can be used in the further system analysis of the frame.

 This  modal  analysis  can  be  extended  further  for  analysis
including the pre-stressed loads and the damping characters.

 The modal  analysis  can be extended  further  to  understand the
behaviour of the chassis frame under metaphysics problems.

 The modal  analysis  can be extended  further  to  understand the
modal behaviour of the chassis frame under fracture conditions.
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