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Abstract

In this study, steel bumper is considered and its maximum stress, strain and displacement are compared with
cast iron and aluminium materials. Furthermore, nonlinear finite element simulations are performed using
ABAQUS, in order to know the maximum nonlinear conditionals results and fracture life for point load at
various load cases. The main aim of the study is to modify the design of the bumper and also calculate the life of
the bumper for various loading conditions. The truck bumper made of steel of thickness 1.6 mm is taken as base
modal, modeling is done using software CATIA and this model is exported to HYPERMESH for meshing.

Keywords — Truck, Bumper, Peak load, Numerical method.

Introduction

Bumpers are the protective structures which are used to protect the vehicle and its occupants from minor
impacts. Generally bumpers are placed front end and rear end of the vehicles. But they are not capable of
protecting the vehicle and its occupants at high speed impacts so it only protecting from low speed impact. The
vehicle bumper is designed to prevent or reduce physical damage to the front and rear ends of passenger motor
vehicles in low speed collisions. Automobile bumper are not typically designed to be structural components that
will significantly contribute to vehicle occupant protection during front or rear collisions. Bumper is also
protecting the cars or small vehicles under passing the truck. Generally bumpers are made of metal because
easily available of metal. Metal bumpers are heavy in weight. So designers are design the bumpers with low
weight to high strength ratio considering geometry and load on bumper. But this load not gives the life of
component. How far it’s give life prediction of bumper. The stress analysis is important in fatigue and its life
prediction for bumper. To find the maximum stress at a point or critical point with maximum sustainable load
which is gives the failure of bumper. This critical point is causes the fatigue failure. The magnitude of the stress
is used to forecast the life of the component. Static or dynamic analysis is gives us about stress, displacement,
acceleration etc. But not how long is component survive. Nonlinear static analysis is gives the how long
component is survive at maximum sustainable load. Maximum displacement, true stress and true strain these
parameters are given the life of component. The main aim of this study is to modify the design of the bumper
and also calculate the life of the bumper for various loading condition.

Objectives

e To make the modal analysis of truck bumper for different materials and geometric shapes or changes.

e To make the nonlinear static analysis of truck bumper for different materials and geometrical shapes by
considering the different loading conditions.

e To calculate the deflection of truck bumper by numerical method.

Project methodology
e CAD modeling of truck bumper is done with the help of CATIA-V5 R20 software.
o With the help of finite element method the truck bumper is meshed using HYPERMESH software.

e Modal analysis is done considering natural frequency of the materials properties and geometric changes
in designs using ABAQUS.
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Geometric modeling of truck bumper

Fig 1. Isometric view of bumper
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Fig 2. Front view of bumper

Fig 3. Side view of bumper
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Fig 4. Base model of bumper with thickness 1.6 mm

Fig 5. Modified model of bumper with thickness 1.6 mm.
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Fig 6. Modified model of bumper with thickness 2.4 mm.

Fig 7. Modified model of bumper with thickness 3 mm.
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Meshing of bumper

Meshed model is done by using HYPERMESH. Here shell mesh is selected for meshing the bumper. In shell
mesh the thickness of the component is to be mentioned, so thickness of bumper is 1.6 mm, 2.4 mm and 3 mm
for steel, cast iron and aluminium. Here element size of mesh is selected as 6 mm and thickness of shell mesh
for steel bumper is 1.6 mm. Meshing is done using HYPERMESH software. The number of elements used for
the meshing of the bumper is 27224 and numbers of nodes are 27463.

Fig 8. Shell meshed steel bumper

Results and discussion

Boundary conditions of bumper for normal modal analysis

2 Q Constrain in all degrees
f of freedom

Fig 9. Boundary condition of bumper

The above model has five parts these are two long members and two supporting plate and bumper. Bumper is
connected to long members with supporting plates.

Modal analysis of bumper for geometry shapes

Base model design

Base model is the truck bumper model with material is steel. For this bumper model analysis is done with four
natural frequencies.
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Contour Plot Mode  1:Value= 3.90693E+05 Freq= 99.480 (cyclesitime)
Displacement(Mag)
Auaty;lss system

Fig 10. Base model design

Modified material design-2

In this modified material design-2 the material is cast iron with base model. For this type of material fist four
modal natural frequencies are found out.

Contour Plot Mode 1: Value = 2.48854E+05 Freq= 79.395 (cyclesitime)
Displacement(Mag)
Analysis system

5589
[49.86
4347
—3726
[31 .05
2484
1863
1242
621
—0.00
Max =55.89

v_ ?/’x

Fig 11. Modified material design-2

Modified material design-3

1: Value = 3.98334E+06 Freq= 10045 (cyclesitime)

Fig 12. Modified material design-3
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Conclusion

In this project material and geometry change for bumper was selected to carry out the modal and nonlinear static
analysis to find out the best one and life of bumper. According to the series of analysis considering the materials
and geometry change are respectively steel and design-1 is best one and gives better life than other materials and
geometry change designs. modal analysis for bumper made of geometry design-1 is better and considering
nonlinear static analysis for bumper made of steel is better.
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