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A Study on Crashworthiness and Rollover Characteristics of Low-Floor Bus
made of Honeycomb Sandwich Composites

Kwang-bok Shin™, Hee-young Ko™, Se-hyun Cho~

ABSTRACT

This paper presents the evaluation of crashworthiness and rollover characteristics of low-floor bus vehicles
made of aluminum honeycomb sandwich composites with glass-fabric epoxy laminate facesheets.
Crashworthiness and rollover analysis of low-floor bus was carried out using explicit finite element analysis
code LS-DYNA3D with the lapse of time. Material testing was conducted to determine the input parameters for
the composite laminate facesheet model, and the effective equivalent damage model for the orthotropic
honeycomb core material. The crash conditions of low-floor bus were frontal accident with speed of 60km/h.
Rollover analysis were conducted according to the safety rules of European standard (ECE-R66). The results
showed that the survival space for driver and passengers was secured against frontal crashworthiness and
rollover of low-floor bus. Also, The modified Chang-Chang failure criterion is recommended to predict the
failure mode of composite structures for crashworthiness and rollover analysis.
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Fig. 1 Manufacturing concept of the low-floor bus.

Table 1 The construction of sandwich panels of the low floor bus
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Table 3 Material properties of WR580/NF4000 glass fabric laminate
Properties Value
Density (kg/m®) 1,830
Young's modulus - Fill direction (GPa) 22.64
Young's modulus - Warp direction (GPa) 22.33
Poisson's ratio between fill and warp 0.148
Shear modulus, Gy, (GPa) 5.85
Shear modulus, Gy, (GPa) 1.40
Shear modulus, Gy, (GPa) 1.40
Compressive strength - Fill direction (MPa) 337.19
Compressive strength - Warp direction (MPa) 321.85
Tensile strength - Fill direction (MPa) 371.15
Tensile strength - Warp direction (MPa) 383.10
Shear strength(MPa) 75.01
Fig. 2 Finite element model.
Table 4 The modified Chang-Chang failure criterion in LS-DYNA 3D
Table 2 Material properties of SUS400 Failure mode Following conditions
Properties Value * Tensile, ox > 0
; 3 a \* [r
Density (kg/m®) 7,900 2 _ % zy
Efff Y + S —1
Elastic modulus (GPa) 200 t
Poisson's ratio 03 Fiber where, 7, >0 : failed & €7, <0 : elastic
Yield stress (MPa) 250 breakage |+ Compressive, ox < 0
2 % ’
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23 M= 244 ¢¥ S ARz Sha S ¢y o] AR ¢ A
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Fig. 3 The stress-strain curve for aluminum honeycomb core
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Fig. 6 Energy history curves of frontal crashworthiness simulation.
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Fig. 7 Failure index(e’n) contours of composite carbody structure using
modified Chang-Chang failure criteria
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Table 5 Angular & Translation velocity

Dynamic analysis simulation Magnitude

Angular velocity in X-axis 0.398 rad/sec

Angular velocity in Y-axis 0.297 x 10 rad/sec

Angular velocity in Z-axis 0.157 x 10 rad/sec

Translation velocity in X-axis 2.407 mm/sec

Translation velocity in Y-axis 689.420 mm/sec

Translation velocity in Z-axis -2081.110 mm/sec
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Fig. 11 The results of deformation for rollover simulation.
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Fig. 13 Failure index(ezml) contours of composite carbody structure using
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