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Strength Characterisation of Composite Securement Device in the
Vehicle by FE Analysis

Seok-Woo Ham*, Dong-Gyu Yang*, Seung-Neo Son**, Hyo-Kyoung Eo**,
Gyeong-Seok Kim***, Seong S. Cheon*"

ABSTRACT: In this paper, the strength of the composite securement device was characterised by FE analysis.
Preliminary frontal crash analysis for the vehicle, equipped with the conventional steel securement device, was carried
out according to the ISO 10542 for special transportation to obtain loading data, which were applied to securement
device during crash. The securement device consists of block, guide and rail and the weight fraction of rail was the
highest among them, therefore, it is desirable to reduce weight of rail by applying carbon/epoxy composite. Also, it
was found that 27% of lightweight effect was obtained by hybrid rail that bottom part was replaced by a composite
compared to the conventional rail, i.e., made of SAPH 440, without sacrificing the structural strength.
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Fig. 1. FE model of dummy and wheelchair for sled test analysis
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Fig. 5. Securement device model

Table 1. Force of securement device comparison

SAPH 440 rail (kN)
(d Rail(top) - Guidel 22.0
Fig. 3. Dummy behaviour: (a) 0 ms, (b) 50 ms, (c) 100 ms, (d) Rail(top) - Guide2 20.2
150 ms Rail(bottom) 13.7
Block - Guidel 11.2
* Block - Guide2 9.3
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Table 2. Comparison of weight of Rail
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Table 3. Mechanical properties of composite materials [5]

Properties Composite
Density, [p] 1520 kg/m’
Longitudinal modulus, [E,] 127 GPa
Transverse Modulus, [E,] 8.41 GPa
3"?1 Shear modulus, [G,,] 4.21 GPa
& Shear modulus, [G,;] 421 GPa
®) Poisson’s ratio, [v;,] 0.024
Fig. 7. Securement device model boundary condition: (a) Top Axial tensile strength, [X'] 2200 MPa
face, (b) bottom face Axial compressive strength, [X‘] 1470 MPa
Transverse tensile strength, [Y'] 48.9 MPa
517] $J5}o] LS-Dynao]|A] A Z3H= *MAT_ENHANCED_ Transverse compressive strength, [Y] 199 MPa
COMPOSITE_DAMAGE Model & A}-8-3}9] © ™, Tsai-Wu  In-plane shear strength, [S] 154 MPa
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Fig. 10. Displacement of securement device

Table 4. Force of securement device comparison

Hybrid rail (kN)
Rail - Guidel 19.9
Rail - Guide2 17.1
Block - Guidel 14.1
Block - Guide2 8.7
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