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A Study on the Impact Characteristics of the Composite Materials for Low
Velocity to Be Applied a Rail Vehicle
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ABSTRACT
In this study, the property against low velocity of the composite material, which will be applied a rail vehicle, is
shown using experiment and a finite element code. The property can be denoted the resistance of impact force,
which is defined by maximum impact force over damage area. A damage propagation model is necessary to

estimate accurately the impact property of a composite material through FEM code.
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Table 1 Material properties for the considered composites

Glass/phenolic
MAT/U.P. #3580 5650 5323 #650/epoxy

Youg's | E 8.13 15.92 19.74 19.06 19.84
Modulis | E, 8.13 1592 19.74 19.06 19.84
(GPa) | g 8.13 623 177 7.46 1.76
Vi 0298 0.097 0.138 0.139 0.158

Poisson’s
Rt | Vas 0.298 0.016 0.228 0.230 0.259
Vi, 0298 0.016 0228 0.230 0.259
shear |Gz 3.26 2.88 3.69 4.44 4.04
Modulus | G,, 326 218 2.80 337 322
GPa) g 326 2.18 2.80 337 32

Table 2 Results of the #650/phenolic composite with 5 mm thickness under various impact energy

Impact Energy | Maximum Impact Force (N) | Damage Area (mm’) (N/mm?)

6.69 3505 254.1 13.79

Experiment 13.03 3922 524.4 7.48
25.77 5389 858.0 6.28

31.70 5910 1033.4 5.72

6.69 4084 98.4 41.50

13.03 6168 480.0 12.85

FEM 25.77 8548 623.0 13.72
31.70 9900 888.0 11.15

Table 3 Results of the considered materials with 5 mm thickness under 6.69J impact energy

Material Maximum Impact Force (N) | Damage Area (mm’) (N/mm?)
MAT/U.P. 2196.0 2824 1.77
#580/phenolic 2586.0 354.6 729
Experiment #650/phenolic 3505.2 254.1 13.79
#823/phenolic 4084.4 461.1 8.86
#650/epoxy 3535.8 19.9 177.76
MAT/U.P. 2743.7 2504 10.95
#580/phenolic 32184 430.2 748
FEM #650/phenolic 4084.8 98.4 41.51
#823/phenolic 4444.0 84.0 52.90
#650/epoxy 4244.0 64.4 65.85
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Table 4 Results of the #650/phenolic composite with various thickness under 6.69J impact energy

Thickness (mm) Maximum Impact Force (N) Damage Area (mm’) (N/mm’)
3 3010 3334 9.03
5 3505 254.1 13.79
7 7036 397 176.96
9 9500 6.4 1483.38

Table 5 Results of the #650/phenolic composite with 5 mm thickness for 35%, 40%, 45% resin content

Resin Content (%) | Maximum Impact Force (N) [ Damage Area (mm?) (N/mm’)
35 2599 242.9 10.70
Experiment 40 2909 297.0 9.79
45 3080 252.8 12.18
35 4312 324 133.08
FEM 40 3866 98.0 39.44
45 4092 98.0 41.75
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Fig. 1 Finite element model for low velocity impact of composites
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Fig.2 Impact force history of the #650/phenolic composite with 5 mm thickness under various impact energy
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