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Abstract- In automobile design, crash and structural analysis are the two most important engineering
processes in developing a high quality vehicle. Computer simulation technologies have greatly
enhanced the safety, reliability, and comfort, environmental and manufacturing efficiency of today's
automobiles. This significant achievement was realized with the advanced software and powerful
computers that have been available in the last twenty years. Computer simulation technologies have
greatly enhanced the safety, reliability, and comfort, and manufacturing efficiency of today's
automobiles. To determine static and dynamic behavior many methods have been employed, out of
them generally used methods are FEA and multi-body simulation methods. In automotive system
there is an increasing request for lightweight construction and safety which leads to an intensified
use of high-strength multi-phase steel such as DP or TRIP. The deflection of the bumper is varying
from 0.503577mm to 0.978934mm for various thickness of bumper under applied load condition,
which is rigid. Hence based on the rigidity the design is safe. By increasing the bumper made of
thickness the stress induced are reduced from 531.523MPa to 127.317MPa. Hence the bumper
design is safe based on strength criteria.
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I. INTRODUCTION
The primary concern for drivers and passengers is safety. Governments have responded to
this key concern and expectation with an increasing number of regulations. Although the details may
vary slightly from country to country, the fundamental requirements are almost similar. A vehicle is
expected to provide adequate protection to drivers and passengers in a not so serious accident. To
protect the occupants of a car, there are many new tangible safety features such as airbags; ABS
control brakes, traction control The three most commonly used software’s for crash analysis are LSDYNA from LSTC, Pam-Crash from ESI, and RADIOSS from Mecalog. Although these are three
distinctively different programs, their core technology can be traced back to the original DYNA3D
from Lawrence Livermore National Laboratory. The original DYNA3D was developed for impact
simulation with possible applications in weapon research. These three programs are now customized
for civilian applications such as crash simulation, metal forming simulation, and product impact
simulation. All three programs were launched within five years in the mid-eighties. The crash models
used in the industry today are lumped parameter (LP) models, hybrid models, and finite element
models. The FE models include heuristic models and continuum mechanics models.
II. EXPERIMENTAL PROCEDURE
2.1 MODELLING:
The model of the chassis frame has been created using
the primitives approach using CATIA software.
Model is a Unibody structure. A work plane is
established (xy plane).By using different geometrical
primitives basic geometry is obtained By using different
modeling options of CATIA for several times model is
created according to shown in figure
Figure 2.1 CATIA model of car front part
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2.2 MESHING
For creating two types of mesh (solid and shell) one
collector was created to move one set of surfaces to be
meshed separately
Surfaces can be divided using lines to separate elements
so that half element of vertical beam will not present in
horizontal and vice versa. By separating surfaces into
different collectors there may be chance of getting open
volumes which cannot be meshed. Those open volumes
can be filled with areas using ruled option in tools. Now
meshing is done for both solid and shell element.
Figure 2.2 Final Mesh of Car Front part
elements can be classified as solid and shell only based on type of meshing done. If only 2d meshing
is done then it is shell element, else if 3d meshing is also done then it is called solid element. After
2d meshing is done all elements should be checked for whether free edges or T-connectors are
present or not, if present those should be removed.
From the hyper mesh software we can observe following in our model
•
The total number of elements is 133758
•
The total number of nodes is 40374
III. RESULTS AND DISCUSSION
Results for Static Analysis:
From the static analysis the deflections and stresses are obtained in the bumper under a load
of 0.1MPa.
From figures 3.1 it is observed that that the maximum deflection is 0.978934mm for the bumper
made of thickness 3mm at the point which is indicated as MX which is at node 63982. The minimum
deflection is obtained at the constrained points which are indicated as MN.

Figure 3.1: Vector plot of deformation for shell thickness 3mm under static load

Figure 3.2: Vector plot of Von-mises stress for shell thickness 3mm under static load.
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From Figure 3.2 it is observed that that maximum stress for the bumper made of thickness 3mm is
found out to be 531.523MPa at the node 1030 which is indicated as MX in the figure.

Figure 3.3: Vector plot of deformation for shell thickness 4mm under static load
From the figure 6.3 it is observed that that the maximum deflection is 0.691323mm for the bumper
made of thickness 4mm at the point which is indicated as MX which is at node 61358. The minimum
deflection is obtained at the constrained points which are indicated as MN.

Figure 3.4: Vector plot of Von-mises stress for shell thickness 4mm under static load
From the figure 6.4 it is observed that that maximum stress for the bumper having thickness 4mm is
found out to be 297.563MPa at the node 1030 which is indicated as MX in the figure.
Table 3.1: Natural Frequencies of Car Frame by Varying Thickness of the Bumper
Natural Frequencies, Hz
Bumper Thickness, mm
Mode
3
4
No
1
0.531657 0.526162
2
0.587794 0.587785
3
1.236
1.232
4
1.729
1.695
5
2.144
2.141
6
2.458
2.43
7
2.502
2.48
8
2.682
2.682
9
2.929
2.925
10
3.131
3.12
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Figure 3.5: Natural Frequency vs Bumper Thickness .
IV. CONCLUSIONS
1. The deflection of the bumper is varying from 0.503577mm to 0.978934mm for various thickness
of bumper under applied load condition, which is rigid. Hence based on the rigidity the design is
safe.
2. By increasing the bumper made of thickness the stress induced are reduced from 531.523MPa to
127.317MPa. Hence the bumper design is safe based on strength criteria.
3. The natural frequencies estimated for various thicknesses are very low as the structure is
stationary.
4. When the impact takes place on the bumper, the maximum amplitude is 0.7611mm under
transient loading. This value is very less than 2.8mm as per the Ford Motor Vehicle Design
Test (FMVDT). Hence the bumper design is safe based on dynamic conditions.
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