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Abstract

This study investigated the compressive Young’s modulus and the impactinduced damage of
CFRP angle-ply laminate under same impact energy condition. The specimens of angle-ply
laminate composites [0°%/6"10/0°] with §°=30°, 45", 60° and 90° were employed, and damaged
by steel balls of diameter of 5 mm and 10 mm propelled by air guh type impact testing
machine. The impact damaged zones were observed through a scanning acoustic microscope
(SAM), and their cross-sections were observed through a scanning electron micro‘scobe (SEM).
The compressive Young’s moduli before and after impact were measured, and compai*éd with the
theoretical values calculated. The results obtained were as follows : (1) The damage areas on the
interfacial boundaries showed more severe change on the back side interface than on the impact
side interface with increasing ply-angle. (2) The damage areas on the interfacial boundaries
became larger with increasing impact velocity or ply-angle. (3) The impact damaged zone showed
the delamination on the interfacial boundaries and transverse cracks inside laminas. (4) The
impact damaged zone was affected by the impactor size and speed or ply-angle under same
impact energy condition. (5) Compressive Young’s moduli before and after impact were lower
than theoretical value, but showed a similar change according to ply-angle. (6) Compressive
Young’s moduli after impact were higher than those before impact, but there was no remarkable
change in apparent compressive modulus after impact.
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Fig. 1 Geometry of an n-layered angle-ply laminate
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Table 1 Elastic constants for the unidirectional
CFRP prepreg sheet

El (GPa) Ez (GPa) M2 %31 G12 (GPa)

139.0 17.0 0.336 | 0.041 5.4

Table 2 Classification of specimen

Code Stacking sequence
C30 0°6/30°10/0"
C45 0°6/45°10/0°6
C60 0°6/60°10/0%
Ca0 0°6/90°10/0%
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Table 3 The dimensions of delamination pattern
of angle-ply lamanates impacted by D=
5mm, V=90.0 m/s

Specimen | Dimensions of delamination pattern(mm)

Interface A Interface B

a b C d
C30 6.5 23.7 13.0 51.0
C45 6.5 23.7 17.8 55.7
C60 8.3 23.7 19.6 56.9
C90 9.5 24.3 23.4 68.1
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Fig. 7 Delaminations of angle-ply laminates
impacted by steel balls of D=5mm, V=
90.0m/s and D=10mm, V=30.0m/s
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Table 4 The dimensions of delamination pattern
of angle-ply lamanates impacted by D=
10 mm, V=30.0 m/s

Specimen | Dimensions of delamination pattern(mm)

Interface A Interface B

a b c d
C30 5.9 23.1
C45 5.6 16.0 18.4 48.6
C60 6.2 1367 15.7 37.9
C90 5.9 14.5 20.1 43.3
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Table 5 The relation between delamination area and ply angle under same impact energy condition (2])

. D=5mm, V=90.0 m/s D=10mm, V=30.0m/s Area tatio
Specimen

Interface A | Interface B | Interface A | Interface B

Sas(mm?) Sgs (mm?) Saw (mmz) Seio (mm?) Sas/Saw Sas/Seio
C30 57.0 256.9 %* 40.9 ¥ 6.3
C45 68.1 421.8 31.0 330.2 2.2 1.3
C60 93.1 511.3 26.5 244.2 3.5 2.0
C170 121.4 669.6 42.5 343.7 2.9 1.9
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Ply-angle & m/s
Fig. 8 The relation between delamination area and

ply-angle impacted by steel balls of D=5
mm, V=90.0m/s and D=10mm, V=30.0
m/s
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Fig. 11 Compressive stress-strain responses for the
back-to-back strain gauged CFRP angle-ply
laminates
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Table 6 Experimental axial Young’s moduli
before and after impact for CFRP angle
-ply laminates

Compressive Young’s modulus Ex (GPa)
Specimen

CBI CAI

D=5mm, V=90.0m/s | D=10mm, V=30.0m/s

C30 |71.4 96.8 82.3
C45 |62.3 67.0 64.5
C60 |59.8 67.1 66.1
C90 |58.5 78.4 77.6
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