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ABSTRACT

A study on the design of the lightweight bumper backbeam

consisting of functional plastics

Kim Se Hun
Advisor : Prof. Ahn Dong-Gyu, Ph. D
Dept. of Mechanical Engineering,

Graduate School of Chosun University

Recently, the demand of eco-friendly products with high energy efficiency and low
environmental impact has increased to cope with the energy depletion and environmental
regulation. Transport vehicle industries begins to make an effort to develop a lightweight
component, which satisfies theconsisting of requirements of rigidity, strength and
crashworthiness, for the reduction of overall weight and the improvement of the energy
consumption rate. Due to these trends, the direction of the development of the automotive
bumper is changed from the metal bumper to the plastic bumper. The objective of this
thesis is to obtain a proper design of the lightweight bumper backbeam consisting of
functional plastics for the automotive. Thermoplastic poly olefin (TPO), poly propylene with
20 % of glassfiber (PP(a)) and glassfiber reinforced mat thermoplastic (GMT) were chosen
as alternative materials of the bumper backbeam. In order to obtain mechanical properties
and strain-stress relationships with strain rate effects, tensile and high-speed tensile tests
were performed. Preliminary impact characteristics, including force-deflection curves,
deformation behaviours, energy absorption rates, failures, and fractures, of the alternative
materials were investigated through the drop impact tests for the specimen. The results of
the drop impact tests showed that the TPO material has a comparable impact property to
the GMT material. In order to obtain a proper design of the bumper backbeam,
three-dimensional finite element analysis was performed using a commercial code of

ABAQUS V6.5 explicit. Collision test conditions of US Federal Motor Vehicle Safety



Standard (FMVSS, pendulum collision type) were applied to the FE model. The results of
the FE analysis for the FMVSS condition showed that the impact characteristics of the
backbeam can be improved as front and rear parts of the backbeam are consisted of TPO
and TPO plastic materials, respectively. In addition, it was noted that influence of the ribs
in the longitudinal direction on the impact performance is higher than that of the ribs in
the width direction. Using these results, alternative designs of the ribs formation (five
types) for the backbeam were estimated. The repeated FE analyses for the alternative
designs of the ribs formation were carried out. From the results of the FE analysis, the
impact characteristics of the backbeam for alternative designs of the ribs formation were
compared from the viewpoints of the energy absorption characteristics, strain-stress
distributions, intrusion, and deflections. Using this comparison results, a proper rib design
of the backbeam was estimated. The collision tests for the FMVSS were carried out to
verify the estimated deisgn of the bumper backbeam. The specimen was manufactured from
the injection molding of front and rear parts and the vibration welding of the two parts.
The results of the collision tests showed that the designed bumper backbeam satisfies the
regulation of FMVSS. From this results, it was shown that the proposed design of the
bumper backbeam can be applied to the development of the lightweight bumper backbeam.
In the future, additional researches, including the FE analyses and the collision tests for the
regulation of Insurance Institute for Highway Safety (IIHS, barrier collision type), should be

carried out to commercialize the proposed design of the bumper backbeam.
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Table 2 Failure mode of specimen for stretching type of impact test

Specimen GMT TPO PP(a)
D =20 mm 9.79 ] crack 5.44 ] | whitening | 1.09 J | whitening
D =40 mm 10.88 J crack 27.20 J | whitening | 1.09 J | whitening

GMT_D20_61_H=0cm | TP0_D20_61_H=50m

_PP(@)_020_61 H=1cm

[rroio oo

|
|
|
1
|
L

Fig. 10 Deformed shape of functional plastic panels for the case of stretching boundary

conditions
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Table 3 Results of impact test of functional plastic panel and that of GMT panel for the

case of stretching boundary conditions (D=40mm)

. H Ein Eab,max X Pmax 6max Er
Specimen
(cm) () () (%) N) (mm) ()
13 14.2 7.30 51.6 4,508.0 5.35 10.5
GMT 65 70.8 53.63 75.8 10,054.8 11.07 22.8
150 163.3 134.12 82.1 12,642.0 15.73 29.2
13 14.2 4.79 33.9 2,254.0 7.79 8.8
TPO 65 70.8 52.45 74.1 4,939.2 17.47 13.8
150 163.3 140.90 86.3 7,222.6 26.80 17.5
13 14.2 10.49 74.1 2,812.6 6.04 5.8
PP(a)
65 70.8 43.27 - 4,468.8 - -
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Fig. 15 Variation of specific force according to impact energy
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W;p=609.5 mm

Hp=101.5 mm

Fig. 18 FE model of the impact analysis for pendulum

Table 4 Number of nodes and elements of three-dimensional finite element analysis

Bumper Backbeam | Bumper Stay | Bumper Frame | Pendulum
(EA) (EA) (EA) (EA)
Node 22,444 4,998 1,986 276
Element 70,006 13,920 1,990 242

% 8 5AANe 24F FAE 339 25 §4 »9LS CPU 3.16 GHz ¢l€ 9]
2 52 (Intel Core2 Duo CPU of 3.16GHz) ¢ RAM 3.25 GB 2] i1 Al%kS- 711 AFHE

=

T3 A TP, B4 AT W S5AIRF 408 HE AL ESdth
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Fig. 20 Results of high speed tensile tests for TPO
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Fig. 21 Results of high speed tensile tests for PP(a)
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Table 6 Impact regulations conditions

FMVSS 49 CFR

Impactor Pendulum
. 2.5 mile/h
Impact Velocis:
(= 4.02 km/h)
) 18 inch
Impact Height
(= 457.2 mm)
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Table 7 Result

of FE analysis according to material combinations

60

50

40

30

20

10

Ein Eab,max X Pmax 6 1 6 D
(KJ) (KJ) (%) (KN) (mm) (mm)
TPO+TPO 0.85 0.74 86.7 30.30 47.69 50.09
PP(a)+TPO 0.85 0.74 86.7 35.56 41.60 43.63
TPO+PP(a) 0.85 0.69 80.9 39.73 37.68 38.89
PP(c)+PP(a) 0.85 0.67 78.5 4945 | 3476 | 33.01
OINTRUSION  LIDEFLECTION

-

TPO+TPO

(a) Deformation according to material combinations

k

PP(0)+TPO

TPO+PP(Q)
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~ e
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X 70 0.36 T
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(c) Energy absorption characteristics

PP(0)+PP(c)

Fig. 23 Comparison of the force-intrusion and the energy-intrusion curves according to

material combinations
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Table 8 Number of nodes and elements of three-dimensional finite element analysis

Bumper Backbeam | Bumper Stay| Bumper Frame | Pendulum
(EA) (EA) (EA) (EA)
Node 22,444 4,998 1,986 276
OPEN TYPE
Element 70,006 13,920 1,990 242
Node 21,509 4,998 1,986 276
CLOSE TYPE
Element 66,865 13,920 1,990 242

Table 9 Result of FE analysis according to section shapes

Ein Eab,max X Pmax 5 1 5 D
(KJ) (KJ) (%) (KN) (mm) (mm)
OPEN TYPE 0.85 0.74 86.7 30.30 47.69 50.09
CLOSE TYPE 0.85 0.74 86.7 31.50 | 45.89 | 49.32
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Fig. 27 Influence of sectional shapes on the force-intrusion curves and force-time curves of
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Fig. 32 Design of bumper backbeam according to ribs direction
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Table 10 Number of nodes and elements of three-dimensional finite element analysis
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Fig. 35 Variation of effective stress distributions for ribs direction
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Table 12 Results of FE analysis according to ribs formation

Ein Eab,max X Pnax 61 &b

(KJ) (KJ) (%) (KN) (mm) (mm)
CASE 1 0.85 0.67 78.34 30.16 49.22 53.13
CASE 2 0.85 0.66 77.34 31.55 48.53 53.12
CASE 3 0.85 0.67 78.63 30.29 45.89 49.32
CASE 4 0.85 0.65 76.41 33.56 44.90 48.59
CASE 5 0.85 0.66 77.69 33.87 43.89 47.38

CASE 1 CASE2 —CASE3 —CASE4 —CASES5
40 | 40

0 10 20 30 40 O 0.01 0.02 0.03 0.04 0.05 0.06
o (mm) time (sec)
(a) Force - intrusion curves (b) Force - time curves

Fig. 38 Influence of rib formation on the force-intrusion curves and force-time curves of

bumper backbeam
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Fig. 40 Variation of effective stress distributions
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Fig. 44 Fabricated mould set
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Table 13 Results of low-speed frontal collision test

\Y mg &1 &b
(km/h) (kg) (mm) | (mm)

Experiment 10.1 1,368 30.0 25.0
Analysis 10.0 1,600 46.4 50.3

8, Max. Principal

(Avg: 75%0)
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Max. Principal stress = 41.05 MPa

Fig. 49 Comparison of experiment and those of FE analysis
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