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Impact Properties of 2D and 3D Textile Composites
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Abstract

Laminated composites are liable to fatal damage under impact load due to the fact that they have no
reinforcement in the thickness direction. To overcome the inherent weakness, three dimensional (3D) textile
reinforcements have drawn much interests. In this paper, impact performance of 2D and 3D textile
composites has been characterized. For 2D composites, fiber bundle size and fiber pattern have been varied.
For 3D composites, orthogonal woven preforms of different density and type of through-thickness fibers
have been studied. To assess the damage after the impact loading, specimens were subjected to C-scan
nondestructive inspection. Compression after impact (CAI) were also conducted in order to evaluate
residual compressive strength.
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Fig. 1 Unit cell of orthogonal 3D woven preform.

Fig. 2 Surface pattern of SWC and DWC.
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Table 1 Specifications of composite specimens

Stuffer | Filler Volume
(Warp) | (Fill) Fraction

SWCI C12ZK | C12ZK | C 3K 622

Index Weaver

3D
Woven|DWC| C 12K | C 12K | C 3K 64%
Textile

SWK| C 12K | C 12K K29 619%
P6K | C 6K C 6K - 52%
2D
Woven| P3IK | C 3K C 3K - %
Textile
S3K|{ C 3K € 3K - 54%

(Note) C: Carbon fiber; K: Kevlar fiber
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Fig. 4 SACMA CAI test.
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Fig. 5 Damage comparison under impact energy
of 15J: {a) 3D woven composite; (b) 2D woven
composite.
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Fig. 6 Load and energy histories of SWC.
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Fig. 7 Load and energy histories of P6K.

Table 2 Summary of impact test, C-scan, and CAI
test result.

Impact | Absorbed | Damage Residua}
Index Energy | Energy Sizt; cogn tf rcsi;‘ve

m m (mm?) ene

(MPa)

3 SWC| 148 6.0 512.7 172.3
D

Woven | DWC| 149 69 762.2 1846
Textil

e lowk| 148 | 57 | 4540 164.3

oD PBK 7.0 44 381.7 150.7

Woven | P3K 7.0 2.8 1975 172.0

Textile cap | 71 30 250.2 1754
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Fig. 8 C-scanned images of impacted panels.
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