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Impact Peformance of 3D Orthogonal Composites by Automated Tape Placement
Process

S-W Song, C-H Leew, J-H Byun" ", M-K Um", B-S Hwang

ABSTRACT

In order to characterize the outstanding performance of three-dimensional (3D) composites, the low velocity
impact test has been carried out. 3D fiber structures have been achieved by using the automated tape placement
(ATP) process and a stitching method. Materials for the ATP and the stitching process were carbon/epoxy
prepreg tapes and Kevlar fibers, respectively, Two-dimensional composites with the same stacking sequence as
3D counterparts have also been fabricated for the comparison of damage tolerance. For the assessment of
damage after the impact loading, specimens were subjected to C-Scan nondestructive inspection. Compression
after impact (CAI) tests were conducted to evaluate residual compressive strength. The damage area of 3D
composites was greatly reduced (30-40%) compared with that of 2D composites. Although the CAI strength did
not show drastic improvement for 3D composites, the ratio of retained strength was 5-10% higher than 2D
samples. The effect of stitching on the impact performance was negligible above the energy level of 35 Joules.
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Fig. 3 (a) Carbon/epoxy prepreg tape and (b) stitched sample,
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Table 1 Specification of USNI125BX

SPEC USN125BX
Fiber MISUBISHI TRS0 2.3 O M| == 25
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Fig. 4 Microstructures of 3D composites: (a) a section along the 0
fiber direction incorporated with z-fibers by machine-
stitching; (b) a section along the same direction with z-fibers
by hand-stitching; and (c) a section along the same direction
without z-fibers .
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Fig. 5 Low velocity impact test rig: (a) SACMA test fixture; and (b)

data aquisition system.

Table 2 Compressive test result

Type ORT-SH ORT-05 ORT-10

Maximum Load [N] 20900 15880 19780
Compressive strength [MPa] 743 670 728
Compressive modulus [GPa] 55.7 60.0 55.6
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Fig. 6 C-Scan results of 25 Joule impact énergy.
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Fig. 9 Load-time and load-displacement curves: (a) 2D composites;
(b) 3D composites.
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Table 3 Impact test results of 2D and 3D composites
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