=

Co o Vol. 31, No. 1, 37-41 (2018)

mposites DOI http://dx.doi.org/10.7234/composres.2018.31.1.037
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

P

ITHS 7oAl 2% 37 2% SYME HE g iy

*, 7I76|k| *k HAC',IA_! *T

Development of the Piecewisely-integrated Composite Bumper Beam
Based on the IIHS Crash Analysis

Chan-Hee Jeong*, Seok-Wu Ham*, Gyeong-Seok Kim**, Seong S. Cheon*'

ABSTRACT: The aim of the current work is to characterise a piecewisely-integrated composite bumper beam based on
the ITHS bumper crash protocol. IIHS bumper crash FE analysis for an aluminium type bumper beam was carried out
to get the information about the dominant loading types at several regions in the bumper beam during crash. In the
meantime, robust stacking sequences against tension and compression have been searched for using FE analysis of a
coupon type model. After determining most effective stacking sequences for tension and compression, three-point
bending simulation was preliminarily carried out to investigate the combination performance of them. Finally, ITHS
bumper crash FE analysis for the piecewisely-integrated composite bumper beam, which consisted of the combination
of tension effective stacking sequence and compression efficacious stacking sequence, was conducted and the result
was compared with other types of composite bumper beams. It was found that the newly suggested piecewisely-
integrated composite bumper beam showed superior crashworthy behaviour to those of uni-modal stacking sequence
composite bumper beams.
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Fig. 1. 1IHS bumper crash analysis (Full overlap)
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Fig. 2. The cross-section of the bumper beam

Fig. 3. Five regions of bumper beam
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Table 1. Signs of triaxiality of each region

Table 2. Mechanical properties of composite materials

A B C D E

Front - - - - -
Rear + + + +
Top - -

Bottom - - + - -

Rib - - - - -
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Transverse Modulus, [E,] 11.5 GPa 5.5 GPa
Shear modulus, [G),] 3.45 GPa 2.07 GPa
Shear modulus, [G,;] 3.45 GPa 1.4 GPa
Poisson’s ratio, [,] 0.3 0.34
Density, (0] 1520 kg/m® | 1380 kg/m’
Axial tensile strength, [X'] 1540 MPa 1380 MPa
Axial compressive strength, [X‘] 900 MPa 276 MPa
Transverse tensile strength, [Y'] 49 MPa 27.6 MPa
Transverse compressive strength, [Y°] 200 MPa 138 MPa
In-plane shear strength, [S] 69 MPa 44 MPa
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Fig. 4. Configuration of tension and compression model
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Fig. 5. Composite coupon simulation: (a) Tension, (b) compres-
sion

Table 3. Tension analysis for S-glass epoxy composite coupon

Stacking sequence First ply( 1izli\lll)ure load Absorb(i(;)energy
[+45/90/0,] 322 2.53
[+5/+45/90] 27.5 1.60
[0,/90/+45] 10.0 1.01

[+45/0] 6 34.1 3.17
[90/0/0] s 31.9 1.84
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Table 4. Compression analysis for S-glass epoxy composite coupon

Stacking sequence First ply( f;:}l)ure load Absorb(ic]l)energy
[£45/90/0,] 5 13.9 2.30
[£5/+45/90] 5 9.6 1.88
[0,/90/£45] 5 10.1 2.05

[+45/0] 14.1 2.36
[90/0/0] 33.1 2.45
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Fig. 6. FE model for three-point bending analysis

Table 5. Bending analyses for S-glass epoxy composite beam

. First ply failure load | Absorbed ener:
Stacking sequence P y(kN) ) &Y
[+45/90/0,] 7.10 170.4
[£5/+45/90] 6.37 181.1
[0,/90/+45] 6.44 180.9
[+45/0] 6.96 181.3
[90/0/0] 6.37 191.4
PIC 7.84 210.0
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Table 6. [IHS bumper crash analysis results

Stacking sequence  |Deformation (mm)| Max failure index
(+45/90/0,]5 8.15 21.89
[£5/+45/90] 5 9.41 17.03
[0,/90/+45] 7.94 9.55

[+45/0] 8.54 3.12
[90/0/0] 9.22 3.01
S-glass/Epoxy - PIC 7.74 1.67
Kevlar49/Epoxy - PIC 5.73 1.20

(@ (b)

Fig. 7. IIHS bumper simulation: (a) External force vs. time curve,
(b) deformation of PC bumper beam
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