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Major Field: Mechanical Engineering, Department of Mechanical Engineering.

Thesis Advisor: Mr. Supasit Rodkwon, Ph.D. 87 pages.

Since there is no regulation stipulating the standard strength of car bumpers, studying
and testing their strength among light trucks was initiated. Two types of bumpers, different in
materials and thickness varying from 2, 4 and 6 millimeters accordingly are selected in this

experiment. Moreover, National Standard of Safety of the United States of America is referred to.

Finite Element is used to analyze the strength of bumpers to investigate the stress

variable, deform and impact force.

It was concluded that there was no damage during the experiment in model A.
In contrast, in model B, damage could occur while being tested in the longitude impact.
In addition, thicker bumpers created more impact and reaction forces. When analyzing the
results, it was found that using computers in analysis facilitated designing process and

prevented possibility of damage before real production.

Student’s signature Thesis Advisor’s signature
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SAMPLE IMPACT APPARATUS

Sample impact apparatus Sample impact apparatus
with supports

Weight equals
unloaded vehicle
weight +0, -10 kg

NOTES:
1. Drawing not to scale.

2. The arc described by any point on impact line shall be constant with a minimum
radius of 3.3 m and lie in a plane perpendicular to Plane A.

Source: Transport Canada, Safety and Security
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Name I Description (* indicates complex) Iﬁ
LE Logarithmic strain components at integration points
FE Plastic strain components at integration paints
FEECQ Equivalent plastic strain at integration poinks
RF Reaction force at nodes
RM Reaction moment sk nodes
u Spatial displacement at nodes
LR Rotational displacement at nodes
W Spatial welocity at nodes :I
. Inwariant Component
511
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Bumper Materials Thickness Stress Displacement Reaction Force Impact Force
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ASTM A36 4 459.8 45.530 6943 369200

Model B 6 459.2 37.940 11480 550100
2 340.7 59.790 2034 92350

Alu. 6061 4 340.7 41.930 3861 129900

6 306.9 35.750 7973 193500
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Bumper Materials Thickness Stress Displacement Reaction Force Impact Force
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Bumper Materials Thickness Stress Displacement Reaction Force Impact Force
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Stress (MPa) Strain
276 0
292.01 0.01
298.09 0.02
310.26 0.04
322.43 0.06
333.38 0.08
340.68 0.1

Ny University of New Mexico (2004)

Y v o J [
ﬂ1§1QW‘H3ﬂﬁ n2 ﬂ'3111f;ﬂJWuﬁﬂ'J'lllLﬁju!Lagﬂj'lﬂlﬂgﬂﬂ"ll@Q']ﬁﬂ@aﬁJ

Qq U

a A

1Hyy 6061

Stress (MPa) strain
313.675 0
332.617 0.025
405.354 0.05
441.722 0.075
463.694 0.1
475.817 0.125

131: Whaley (2000)
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Ultimate Tensile  Tensile Yield Modulus of Poisson's
Density
Materials Strength Strength Elasticity Ratio
(g/cc) (MPa) (MPa) (GPa)
ASTM A36 7.85 400-550 250 200 0.3
Alu 6061 2.7 310 276 68.9 0.33

11: www.matweb.com
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Coefficient Of Friction

material 1 material 2
static dynamic
steel steel 0.78 0.42
steel aluminium 0.61 0.47
= .
NU1: J.R.Davis (1998)
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NW: fAGe (2543)



MANUIN Y

msfamsteng luuuuaie 9

72



ANMINSIINIVDIAIY
y P
L
LH-I >
: v ]
L 1]
R, ®|R,

d‘ = @ =\ o Ak
MU 1 usaneutas Tuwuaaa lumuaunas Jlvaansemnninais

NU: ANe (2543)

P

RL:RR:VZE

'vlmax:&‘ﬁx:L
4 2

PL>

0:— = —

- R 16El

Px

y= (BL* —4x%) 0<x< %

 48EI

_PU
48El

ymax =

73



74

a o
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mMinaaaluingda1dan (elastic body) SUIHBDINININNTENIZUNNIZYTENO AR
E4

A [ a 1 1o & 9 1 ~ 9 a Yo =1
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17: Ferdinarnd (1987)
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Impact factor = maximum dynamic deformation / static deformation
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NU1: Singer (1987)
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Mc mgL c
O-St = = o —
I 4 1
S 6mghEc?
O-max == st =
1) LI
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mﬂamwﬁlumwgmummmmmzaﬂﬂ
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M

M;'ss 8
Velocity V
I

I I |
| Bumper

|

|

' Auto mass
Pandu!tl:m mass !
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117: Trantina and Nimmer (1994)
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1. Part

Y
1 @ I~ o
Tueauiiveaddr Tdsunsy Wumsiwer Tumadun Tasewaz@eunuuluTlsunsy
= a d' Y o g Y [ A A %
Aenuuumalennssuou q uanh lhadhg Tlsunsueinames wie@eunuuludaTusunsy
[ A ¥ av :JI da' Y A [ dgl a ad 09/' [
p1faeanld madveluasailld MeuvvususuvuanTdsunsuTsaasa Hanmwuuuny

FU LOTNANIOY
2. Properties

Bumper A
Mass Density = 2.7E-9
Young’s Modulus = 68900
Poisson’s Ratio = 0.33
Pendulum
Mass Density = 9.12177E-8
Young’s Modulus = 200000
Poisson’s Ratio = 0.3
Section: Shell Homogeneous

Shell thickness: 2, 4, 6 Hagwas
3. Assembly

A o Qy Y 9 a Aawv a a 9 9 9 qgj U
LW@‘LH“BHQTHHHQI‘]J?LLﬂSlJ HAZONBINNAAUNANNAN LFOU NTOUAINITAIA

' Y Y
Fudumstznz Auveruaung
4. Step
¥29819MIUATIZH M IUENZUDITUFNINDY 0.1 TUN

o Ay v J Y
@'ljl,!,ﬂiﬂﬁ’f)ﬂmiﬂwaaWﬁ ulﬂllﬂ

Stress, Displacement, Impact Force, Reaction Force



5. Interaction

Type: surface to surface contact (Explicit)

Step: Initial

First surface: ﬁﬁ’;mm AU

Second surface: ﬁmﬁmmgﬂé’u

Mechanical constraint formulation: penalty contact method
Sliding formulation: finite sliding

Contact Property: Tangential Behavior

Friction formulation: penalty

Friction Coefficiency: 0.47 (aluminium & steel)
6. Load

Boundary Condition: Type Sy Haauag etry/Antisy Haauag etry/Encastre
Step: Initial

Region: Aenfiusnavenve iUy

Encastre (U1=U2=U3=UR1=UR2=UR3=0)

Field

Type: velocity

Step: Initial

9
Y o

Region: 1ADNGNANIIINLA
Definition: Translational only
V1=0

V2=0

V3 =-1111 nseaadlu 4 dlamasaoda 1
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7. Mesh

8. Job

Bumper: Model A
Element Shape: Quad
Technique: Free
Algorithm: Medial Axis
Element Library: Explicit

Family: Shell

Pendulum

Element Shape: Tet
Technique: Free

Element Library: Explicit
Family: 3D stress

Geometric order: linear
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9. Visualization
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HUUNUTY A
143 mm

|< 898 mm =I

1670 mm g
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< 879 mm

1614 mm

A
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260 mm
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