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Effects of Reinforced Fibers on Energy Absorption Characteristics
under Quasi-static Compressive Loading of Composite Circular Tubes

Jung-Seok Kim™, Huk-Jin Yoon", Ho-Sun Lee", Kyung Hoon Choi™

ABSTRACT

In this study, the energy absorption capabilities and failure modes of four different kinds of circular tubes
made of carbon, Kevlar and carbon-Kevlar hybrid composites with epoxy resin have been evaluated. In order to
achieve these goals, these tubes were fabricated with unidirectional prepregs and compressive tests were
conducted for the tubes under 10mm/min loading speed. From the test results, carbon/epoxy tubes were
collapsed by brittle fracturing mode and showed the best energy absorption capabilities, while Kevlar/epoxy
tubes were crushed by local buckling mode and worst. The hybrid [90c/0k] tubes were failed in a local
bucking mode and showed good post crushing integrity, whereas [90«/Oc] tubes were failed in a lamina bending
mode and bad post crushing integrity.
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Fig. 1 Composite tube applications in aerospace; (a) a composite tube
for NH90 nose landing gear and (b) NH90 helicopter [6].
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Fig. 2 Composite energy absorber for F1 racing car [7].
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Fig. 4 Fabricated composite circular tubes.

Table 1 Information of composite tubes

! . Average
Materials Stacking sequence weight (g)
Carbon [90/0]s 28.3
Kevlar [90/0]4 238
- [90(:/0K]11 249
Hybrid [90k/0cks 249
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Table 2 Mechanical properties of each material

Materials Carbon  Kevlar (NI) Carbon-Kevlar (NI)

Elastic modulus

(cPa) 130  83.9 (0.65) 105.2 (0.81)
SheaEGr;;’)d“'”S 824 591 (0.72) 6.58 (0.80)
Te”Si("fnsg)ength 2725 12425 (0.46) 1888 (0.69)

Compre(s:/il\F/);strength 5512  182.4 (0.33) 328.4 (0.60)
Shea(rM s;;e)ngth 785 778 (099) 7638 (0.68)

(:\;22) 71 63.2 (0.89) 70.1 (0.99)
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Fig. 5 Typical load-displacement curve for the progressive failure of
composite tubes.
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Fig. 6 Load-displacement curves of different tubes.
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Table 3 Measured energy absorption parameters

Materials ~ Peak load(kN) Mean load(kN) CFE(%) (kSJEkAg)
Carbon/epoxy 313 25.2 80.5 91.1
Kevlar/epoxy 17.6 12.8 72.7 54.1

[QHSZ;?Q.?] 233 18.9 81.1 771

[9HO)SQS] 26.8 17.8 66.4 719
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