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Abstract— The present work deals with the geometrical development of the existing metallic car bumper then
the same is analyzed for frontal impact analysis then the alternate material with composite combination will be
developed in the CAD software then these alternative models of the bumper will be analyzed for frontal impact
analysis then the best suitable bumper with composite combinations will proposed for the bumper which can
reduce impact effect. By considering few important parameters including material, thickness, and impact
condition will be studied for design and analysis of an automotive front bumper to improve the crashworthiness
design in low-velocity impact. Modelling to determine the maximum deformation, von mises stress and energy-
absorption behavior. The mentioned characteristics are compared to each other to find best choice of material,
shape and thickness. An FE modelling of the bumper with the specific load and boundary conditions are analyzed
using ANSYS AUTODYN 3D explicit nonlinear tool.

Keywords— car bumper; impact effect; maximum deformation; von mises stress;

I. INTRODUCTION

Customer safety is the first priority...occupant safety is prime most fidelity of the automotive industries. Bumper
is the first component to take part in frontal crash or impact during accident hence its important component to be
designed and analyzed for the crashworthiness of the vehicle during frontal accident. Bumper is a structure
integrated with front and rear ends of the motor vehicle; the main function is to absorb the impact in case of any
minor collision, ideally protecting occupants and minimizing the repair costs. The main parameters for the desired
work are the type of material, and its impact specifications like the kinetic energy of the model during impact
analysis gives the detailed explanation of the material selection for the bumper. The most important variables like
material, structures, shapes and impact conditions are studied for analysis of the bumper beam in order to
improve the crashworthiness during collision. Here the author has modeled the front bumper using PRO-E and
simulated the frontal crash using COSMOS FE software with initial speed of 13m/sec and materials were chosen
with intention of weight reduction. the materials chosen were PEI and S2Glass epoxy and research suggest that
the S2Glassepoxy material can reduce the weight of the bumper[1].
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Since the bumper beam is the most important part of the vehicle which protects the passengers from the crash
safe guards the engine and other components .hence the author has interest on the bumper beam analysis so he
has carried out the FE analysis of the bumper beam with the thickness variation of the bumper as per the standard
speeds[2]. the FE analysis part of the composite car bumper with increased quality of the mesh and better quality
of the composite to reduce the stress concentrations in the car bumper during the impact[3].

Figure 1 shows the front bumper of the Toyota land cruiser 200series SUV
II. OBJECTIVES AND METHODOLOGY

OBJECTIVES OF THE WORK
1. To find alternative bumper for safety of the passengers
2. Low cost composite bumper

3. To reduce the weight over metallic bumper with optimized bumper design
4. To prove the improved impact behaviour of the alternate bumper.

METHODOLOGY FOLLOWED REPRESENTED IN BLOCK DIAGRAM

*GEOMETRY DEVELOPMENTUSING ANSYS DESIGN MODELER

*MESHING OF THE MODEL USING ANSYS WORK BENCH

sAPPLYING INITIAL BOUNDARY CONDITIONS AND AND INITIAL VELOCITY

¢SOLVING FINITE ELEMENT MODEL FOR EXPLICIT DYNAMIC ANALYSIS USING ANSYS AUTODYN

*RESULT DISCUSSION

eREPEATING THE STEPS 1-5 FOR THE BUMPER MADE OF PEI AND S2G COMPOSITE MATERIAL

¢CONCLUSION INCLUDES THE SUGGESTION OF BEST FIT MATERIAL FOR FRONT BUMPER OF
TOYOTA LAND CRUISER 200 SERIES

€E€LLCECeEs

III. GEOMETRICAL MODELING OF FRONT BUMPER OF TOYOTA LAND CRUISER 200 SERIES SUV

Figure 4.1 shows front bumper of Toyota land cruiser 200 series with dimensions.
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This chapter presents the geometrical development of the front Bumper of Toyota land cruiser 200 series sports
utility vehicle system with steel made bumper to the composite bumper system made of PEI and S2G materials.
Here the conventional front bumper model has been referred from the Toyota land cruiser 200 series sports

utility vehicle and actual dimensions are measured and compared with the literature before proceeding to the
geometrical development in the design modeler of ANSYS Work bench.

0.0 250 00 £00.00 {mrm)

125.00 375.00
Figure 4.2 shows front bumper of Toyota land cruiser 200 series

GEOMETRICAL DIMENSIONS OF FRONT BUMPER MODEL
1. Length of the bumper =818 mm
2 .height of the bumper =100mm
3. Average thickness of the bumper =20mm
4. Diameter of bumper beam= 20mm
5. Fog Light mount surface dia =76.4mm

GEOMETRICAL DIMENSIONS OF TOYOTA LAND CRUISER 200 SERIES SUV
1. Length of vehicle=4950mm
2. Width of vehicle=1980mm
3. Height of vehicle=1910mm
4. Gross weight of vehicle=2045kg

IV. FEMODELING OF FRONT BUMPER AND ITS EXPLICIT DYNAMIC ANALYSIS.
4.1 Meshing of the bumper with dummy body.
The geometrical model developed previously was imported to the ANSYS explicit dynamics tool. The first case of
analysis has been started with traditional steel made bumper as per the model developed in the design modeler
and the meshing is done using tetrahedron elements with fine mesh and the quality check has been done to see
the mesh quality. To understand the properties like stress, strain etc..
4.2 Mesh details of front bumper

Table 4.1 shows the mesh details of the front bumper with body of the vehicle

MESH DETAILS OF FRONT BUMPER
Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Element type Tetrahedron
Minimum Edge Length 8.34 mm
Material Structural steel
INFLATION
Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
STATISTICS
Nodes 6183
Elements 25202

4.3 Explicit dynamic Analysis:
Case-1Explicit dynamic Analysis of bumper with conventional steel material
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Table 4.2 shows the details of explicit dynamic analysis of the front bumper with steel material.

Element type Tetrahedron element
Material Structural steel
Young’s modulus 200Gpa

Poison'’s ratio 0.3

Model type Linear elastic model
Default failure criterion Von Mises Stress
Yield strength 4.2e+008 N/ m2
Mass density 7800 kg/ m3
Weight of bumper with vehicle 2045kg

Initial velocity of the vehicle 33333mm/s
Maximum Initial velocity of the vehicle 48000mm/s

ISSN: 2349-2163
www.ijirae.com
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Figure 4.1 shows meshed model of front bumper of Toyota land cruiser 200 series SUV
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Figure 4.2 shows meshed model of front bumper of Toyota land cruiser 200 series SUV With isometric view
The above figure shows the isometric view of the meshed model of the bumper with tetrahedron with 6183 nodes

and about 25202 elements. FE modeling is the one of the man important step for the analysis where the result
totally depends of the mesh density.
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Figure 4.3 shows meshed model of Full vehicle of Toyota land cruiser 200 series SUV

The initial velocity of 33m/s has been assigned and started with the analysis from zero cycle to 10¢ cycles and
analysis is ran for start time zero to 0.02 seconds and results of total deformation and von mises stresses are as
shown in the below contours.
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Figure 4.4 shows the maximum deformation of the front bumper of Toyota land cruiser 200 series

The above figure shows the maximum deformation of the front bumper of Toyota land cruiser 200 series for
initial velocity taken as 33m/s and which shows the maximum deformation is 10.61mm at time of 3.14E-4
seconds.
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Figure 4.5 shows von mises stresses of the front bumper of Toyota land cruiser 200 series

The above figure shows maximum von mises stresses of front car bumper for initial velocity of vehicle taken as
33m/s and which shows the maximum von mises stress of 271Mpa.

4.3.1Steel material with initial velocity of 48000mm/s
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Figure 4.6 shows the maximum deformation of the front bumper of Toyota land cruiser 200 series
The above figure shows maximum deformation of front car bumper for initial vehicle velocity of 48m/s and which
shows maximum deformation of 19.971mm at time of 3.14E-4 seconds.
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Figure 4.7 shows von mises stresses of the front bumper of Toyota land cruiser 200 series
The above figure which show maximum von mises stress of 52150Mpa And due to this the frontal part of the
bumper bends and produces the maximum stress as seen in the contour.
4.4 Case-2 Explicit dynamic Analysis of bumper with PEI material
The initial velocity of 33333mm/s has been assigned and started with the analysis from zero cycle to 106 cycles
and analysis is ran for start time zero to 0.02 seconds and results of total deformation and von-mises stresses are
as shown in the below contours.
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Table 4.3 shows the details of explicit dynamic analysis of the front bumper with PEI composite material

Element type
Material

Young’s modulus
Poison’s ratio

EXPLICIT DYNAMIC ANALYSIS

Tetrahedron element
PEI

31Gpa

0.3

Model type Linear elastic model
Default failure criterion Von Mises Stress
Yield strength 2.28e+008 N/ m2
Shear modulus 3.2e+008 N/m2
Mass density 1480 kg/ m3
Weight of bumper with vehicle 2045kg

Initial velocity of the vehicle 33333mm/s

Maximum Initial velocity of the vehicle 48000mm/s

o AN
Total Deformation
Type: Total Deformation

nit: mem.
Time: 2.2284¢-004
1212272017 2:37 PM

A

Figure 4.8 shows the maximum deformation of the front bumper of Toyota land cruiser 200 series
The above figure shows the maximum deformation of 10.74mm at time of 2.24E-4 seconds with initial velocity of
33m/s.
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Figure 4.9 shows Von mises stresses of the front bumper of Toyota land cruiser 200 series
The above figure which shows the maximum von mises stress of 1713Mpa with initial velocity of 33m/s.
4.4.1PEI composite material with initial velocity of 48000mm/s
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Figure 4.10 shows the maximum deformation of the front bumper of Toyota land cruiser 200 series
The above figure shows the maximum deformation of 15.134mm at time of 4.24E-4 seconds.
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Figure 4.11 shows von mises stresses of the front bumper of Toyota land cruiser 200 series
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4.5 Case-3 Explicit dynamic Analysis of bumper with S2Glass epoxy composite material
Table 4.4 shows the details of explicit dynamic analysis of the front bumper with S2Glass epoxy composite

material

EXPLICIT DYNAMIC ANALYSIS

Element type

Material

Young’s modulus

Poison’s ratio

Model type

Default failure criterion
Yield strength

Shear modulus

Mass density

Weight of bumper with vehicle
Initial velocity of the vehicle

Tetrahedron element
S2Glass epoxy
87Gpa

0.23

Linear elastic model
Von Mises Stress
4.9+008 N/ m2
3.12e+008 N/m2
2485 kg/ m3
2045kg
33333mm/s

The below figures shows the maximum deformation and maximum von mises stress of the front car bumper of

Toyota land cruiser 200 series of S2G composite material with initial velocity of 33 m/s

B: Explicit Dynamics
Total Deformation
Type: Total Deformation

Time: 3,5853¢-004
1222/2017 622 PM

11.958 Max
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11054
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11.951 Min
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Figure 4.12 shows the maximum deformation of the front bumper of Toyota land cruiser 200 series

B: Explicit Dynamics

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirme: 3.5053-004

12/22/2017 622 PM
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876.95
75187
62630
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Figure 4.13 shows Von mises stresses of the front bumper of Toyota land cruiser 200 series

4.5.1S2G composite material with initial velocity of 48000mm/s

G Explicit Dynamics
Total Deformation
Type: Total Deformation

init: mm
Time: 3.8525e-004
12/22/2017 3:24PM

19.971 Max
19,605

C:Explicit Dynamics
Equivalent Stress
Type: Equivalent fvon-Mises) Stress

i
Time: 3.8525e-004
12/22/2017 8:24 PM
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Figure 5.15 shows von mises stresses of the front bumper of Toyota land cruiser 200 series
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V. RESULTS AND DISCUSSION
From Case-1 Explicit dynamic Analysis of bumper with steel material and which shows safety of passengers and
engine components and observed maximum deformation for initial velocity 33 m/s. Deformation at this speed is
sustainable 10.6 mm. But speed increases 40m/s, 48m/s and observed deformation is 15.13mm and 19.76mm,
the respective von mises stresses is increases. Hence stress is very high which will surely fails the material but
energy absorbed before it fails. From Case-2 Explicit dynamic Analysis of bumper with PEI composite material
and this shows bumper really fails at lower speed of frontal impact than the required speed so PEI found to be less
sustainable to the high speeds. The initial speed is 33m/s and respective deformation is 10.74mm. The speed is
increases to 40m/s and 48 m/s, their respective deformation is 12.13mm and 15.13mm, the respective von mises

stresses of 2777Mpa and 3842Mpa respectively. Stress induced is very low compare to steel material.

From Case-3 Explicit dynamic Analysis of bumper with S2Glass epoxy composite material and gives the
deformation of 11.95mm for the initial speed of 33m/s with von mises stress 1127 Mpa. The speed increases to
40m/s and 48m/s, their respective deformation is 15.96 and 19.97mm, the respective von mises stresses of
31781Mpa and 52302 Mpa. Stress induced is high compare to steel. The above three cases are analyzed for
various speeds staring from 33m/s,40m/s and 48m/s based on the standards as the highest speed of the vehicle is
172Km/hr.

Plot between speed and deformation
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Figure 5.1 shows the plot between speed versus deformation
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Figure 5.2 shows the plot between speeds versus Von Mises stress

Table 5.1 shows the Explicit dynamic analysis of front bumper of Toyota land cruiser 200series SUV
EXPLICIT DYNAMIC ANALYSIS OF FRONT BUMPER OF TOYOTA LAND CRUISER 200SERIES SUV

Conventional steel PEI material-bumper S2G material-bumper
front bumper
Speed in m/sec 33 40 48 33 40 48 33 40 48
Maximum deformation in mm 10.61| 15.12 | 19.76 10.74 12.9| 15.13] 1195/ 15.96| 19.97
Maximum stress Mpa 271|26210|52150 1713 2777| 3842 112731781 | 52302
Weight of bumper in Kg 21.8 4.31 6.95
Percentage of weight reduction 80% 68%

VI. CONCLUSION

Here in the intended work the research was carried on the alternative material for the front bumper of Toyota
land cruiser 200series SUV vehicle to find the best suitable material with maintaining the same strength or more
than the existing and more stiffness with reduced weight. And intern this enhances the performance, ride quality,
fuel efficiency and safe guards the vehicle and overall decreases the cost of the vehicle. S2Glass epoxy is proposed
to be alternative bumper material for the Toyota land cruiser 200series SUV with speeds range from lower to the
highest speed of 172Km/hr since the overall weight reduces and the strength remains same almost because
throughout the analysis only S2Glass epoxy shows the good response to the deformation with speeds and
reasonable increase in the stresses.
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