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Damage of Composite Laminates by Low-Velocity Impact
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College of Engineering, Pukyong National University, Busan 608-739, Korea
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ABSTRACT: This study was investigated the nondestructive characteristics of the damage caused by low-velocity impact on symmetric cross-ply

laminates. These laminates were [(°/90 165 245 325 ass

, that is, the thickness was 2, 3, 4 and 6 mm The impact machine, model 8250 Dynatup

Instron, was used a drop-weight type with gravity. The impact velocities used in experiment were 0.75, 0.90, 1.05, 1.20 and 1.35 m/sec. The
load and deformation were increased as impact velocity increase. Even if the load increased with laminates thickness in same impact velocity,
the deformation decreased. The extensional velocity was a quick as laminate thickness increase in same impact velocity and as impact velocity
increase in same laminate thickness. In ultrasonic scans, damaged area was represented an dimmed zone. Thhis is due to the fact that the wave,
after having been partially reflected by the defects, has not enough energy to tough the oposite side or to come back from it. The damaged
laminate areas were different according to the laminate thickness and the impact velocity. The extensional velocities became lower in (* direction
and higher in 90° direction when the size of the defects increases. But, it was difficult to draw any conclusion for the extensional velocities in

45° direction.
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Table 1 Mechanical properties of prepreg

Material AS4/3502

0" Tensile strength 1.932 MPa

0° Tensile modulus 131 GPa

Fiber volume fraction 62 vol %
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Fig. 4 Extensional velocity versus impact velocity in
thckness of composite plate.
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Table 2 Results of the ultrasonic scans

t (mm) Vi () Avd (mm) Arg (o) A/ Avs
2 0.75 45 1227 273
2 1.05 102 380 373
2 1.35 19.6 4337 21
3 0.75 71 152 214
3 0.90 91 227 249
3 1.05 13.9 380 27.3
3 1.20 181 490.9 271
4 1.05 139 397.6 286
6 1.35 264 454.8 172

t : thickness, Vi :
area, Ard : real damaged area

impact velocity, Avd : visible damaged

Table 3 Extensional velocities from damaged areas

t (nm) | Vi (%6) | V(OO (nn/ps) | V(90") (mn/gs) | V(45") (um/ )
2 0.75 7.69 5.49 3.67
2 1.05 6.02 5.88 3.90
2 1.35 531 6.25 287
3 0.75 6.94 5.75 3.33
3 0.90 6.49 6.57 438
3 1.05 649 7.00 495
3 1.20 6.02 7.95 581
4 0.75 6.58 6.32 454
4 1.05 6.32 714 412
6 135 | 651 6.04 445

V(90°%), V(45") : extensional velocity in the each direction

Longitudinal

Transverse

Fig. 6 Direction to measure the extensional velocities

Fig. 7 Microscopic inspection of t = 4 mm laminate impacted
at V.=105"
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.Fig. 5 Ultrasonic scans of t = 2 nm laminate impacted at V = 0.75 "4,
a) Bscan of the central damaged area in horizontal direction (x2), (b) B-scan of the central damaged area in
vertical direction (x2), (c) C-scan of the peak amplitude reflection from front side (x2), (d) C-scan of the peak
amplitude reflection from rear side (x2), (¢) C-scan of the damaged area just below the top impacted side of the
laminate (x1.5), (() C-scan of the damaged area just above the rear side of the laminate (x1.5)
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