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Abstract : This study aimed to develop members with the optimum impact characteristics to ensure a protected space for passengers in
the case of automobile collisions. Accordingly, these members were fabricated to provide sufficient rigidity and safety to the passenger
room structure and to absorb large amounts of energy during collision. In particular, CFRP members were fabricated with different
section shapes such as square and single- and double-hat shapes. Next, their impact collapse characteristics and collapse modes were
quantitatively analyzed according to the changes in section shapes and stacking angles. This analysis was performed to obtain design
data that can be applied in the development of optimum lightweight members for automobiles.
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Table 1. Material properties of the CFRP prepreg sheet

Fiber Resin Prepreg sheet
(Carbon) (Epoxy#2500)
Density[kg/m3] 1830 1240
Poisson's Ratio - - 0.3
Young's Modulus[GPa] 240 3.6 132.7
Tensile Stress[MPa] 4890 80 1850
Resin Content[%Wt) - - 33
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(b) Double hat shaped member
Fig. 1. Stacking conditions and configuration of CFRP specimen,
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Fig. 2. Impact testing setup for crushing.
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Fig. 4. Impact crushing characteristics of CFRP hat shaped member[—15" /+15" ], .
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Table 3. Impact characteristics for CFRP single hat shaped
member according to fiber orientation angle of CFRP(E = 419J)

Fiber orientation angle
Impact characteristics
[-15°/+15°]4 | [-45°/+45°]4 | [90°/0°]4

Maximum collapse load Ppax[kN] 1 0.590 0.368
Mean collapse load Pn[kN] 1 0.707 0.531
Mean collapse Stress om[Mpa] 1 0.707 0.531
Absorbed energy E,[J] 1 0.975 0.962
Total absorbed energy Ep[J] 1 0.628 0.569
Absorbed eg:‘r[%/ kpge]r unit mass 1 0.652 0.566

Table 2. Impact collapse test results for CFRP double shaped member according to fiber orientation angle of CFRP(E = 611J)

Fiber orientation Maximum collapse Mean collapse load | Mean collapse Stress | Absorbed energy |Total absorbed energy Absorbefl energy per
angle load Po [kN] Om [Mpa] E, []] EL [J] unit mass
Prax [kN] " " N En [ki/kg]
[-15°/+15°)4 30.52 2244 113.54 598.31 2485.23 92.04
[-45°/+45°)4 18.20 12.62 63.85 581.28 1451.39 54.53
[90°/0°4 18.14 12.49 63.20 588.81 1480.89 52.51
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Table 4. Impact characteristics for CFRP double hat shaped
member according to fiber orientation angle of CFRP(E = 611J)

Fiber orientation angle

[159/+15°T4 | [-45°/+45°]4 | [90°/0°]4

Impact characteristics

Maximum collapse load Ppa[kN] 1 0.596 0.594
Mean collapse load Pn[kN] 1 0.562 0.556
Mean collapse Stress Om[Mpa] 1 0.562 0.556
Absorbed energy E,[J] 1 0.972 0.984
Total absorbed energy Ei[J] 1 0.577 0.566

Absorbed energy per unit mass

En[kJ/kg] 1 0.592 0.571
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Table 5. Impact characteristics for CFRP double hat shaped member according to fiber orientation angle of CFRP(E = 611J)

Section shape | Stacking angle Primary fracture patterns
[-15°/+15°]4 Corner fracture, flange separation and expansion, longitudinal cracks, and splaying mode
Single hat [-45°/+45°]4 Corner fracture, flange separation and expansion, transverse cracks, and splaying/fragmentation combination mode
[90°/0°14 Corner fracture, flange separation and expansion, transverse cracks, fiber breakage, and fragmentation and splaying mode
[-15°/+15°]4 Corner fracture, longitudinal cracks, and splaying mode
Double hat [-45°/445°]4 Corner fracture, fiber breakage, transverse cracks, and splaying/fragmentation combination mode
[90°/0°]4 Corner fracture, transverse cracks, fiber breakage, and fragmentation and splaying mode
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