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Study on the Damage Characteristics Under the High-Velocity Impact of Composite
Laminates Using Various Sensor Signals
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ABSTRACT

The use of advanced composite materials in main structures of military and civil aircraft has been increased
rapidly because of their considerable metals in high specific strength and stiffness. However, the mechanical
properties of composite materials may severely degrade in the presence of damage. Especially, the high-velocity
impact such as a hailstorm, and a small piece of tire or stone during high taxing, can cause considerable
damage to the structures and sub-system in spite of a very small mass. However, it is not easy to detect the
damage in composite plates using a single sensor or any conventional methods. In this paper, the PVDF
sensors and AE sensors were used for monitoring high-velocity impact damage initiation and propagation in
composite laminates. The WT(wavelet transform) is used to decompose the sensor signals. In the PVDF sensor
and AE sensor signal analysis, amounts of high-frequency signals are increased when the impact energy is
increased. PVDF sensor and AE sensor signal appeared similar results. This study shows how various sensing
techniques can be used to characterize high-velocity impact damage of advanced composite laminates.
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Fig. 1 Schematic diagram of the pneumatic gun facility.
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Fig. 2 Cure cycle for the specimen fabrication.
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Fig. 3 Dimensions of specimen and the position of a strain gage and
specimen fixed by clamps.
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Table 1 Material properties of GrEp prepreg(USN 150B, SKA|m[Zh)

Symbol Unit Value
Young’s modulus
along the fiber direction En GPa 129.1
Young’s modulus
along the transverse Exn GPa 8.1
direction
Axial shear modulus G2 GPa 3.6
Axial Poisson’s ratio Vi 0.28
Thickness h mm 0.125
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Fig. 4 Calibration of the velocity and pressure.

Table 2 High velocity impact test result

[45/0/-45/90]2s
Initial Initial Residual Residual
velocity energy velocity energy
(m/s) Q) (m/s) )
1 314 0.5 0 0.00
2 83.5 3.6 0 0.00
3 141 10.4 0 0.00
4 196 20.1 113 6.67
5 240 30.1 171.7 15.39
6 270 38.1 208 22.58
7 307 49.2 - -
8 171 15.3 48.7 1.24
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Fig. 5 PVDF sensor signals of each impact energy level.
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Fig. 6 FFT plots of selected PVDF sensor signals.
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Fig. 10 Wavelet transform for AE sensor signals.
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Fig. 11 Detailed wavelet components of PVDF sensor signal.

== DI1=600kHz, D2=300kHz, D3=200kHz, D4=100kHz,

D5=50kHz 12|31 D6=10kHz +#2] H{E 7RIt

Fig. 9= PVDF AlA 452
Fig. 10 AE AlA| A5E fo]E3] Wkt

flolesl Hghet Lol
Jejszolc}. PVDF

AA Ll 7 SAAUAZE 10415 8= D4 429 Ae7)
e} AlZFEE o, AE A4 9] A9+ DI, D2, D3, D4
e AlE 377 SHEE EEsITh

olglst MA AZ =7|Q HIE ZF v Aoz HA
7] $1ste] 7t SAFISe] SR THmay A A
Aol AR e MA ATolueta gejstgn
oA} fAZETERe] AA AEouAE vlwshect,

o 1o S

it

t
Sensor signal energy= / Vit (1)
ty

Fig. 11¢] PVDF i'*i AE folesl HEe] AT

Z2 Uehfslch FFTY 4l 240

éJOI S ul= 80kHz Fo7bx] &4F Al

57 B o 4 9ir} webd 1 o]Ake] Zmeel DI,

D2, D3& #jstey] Amrd FZAYA 277t Tﬂg_/;%
Y AoR A Az U7t AYS oF 4= k.

Table 32 FZo| whg Fob4 ExE uepdch oz}
A2 AHe] 4o R Q) T AR s Fug
949l DI, D2, D3] AlA AlzoliAE FHed=7} 7}
=5 AME & + Ak

et

Table 3 Energy distribution with detail component for each impact energy
of PVDF sensor signal

Energy distribution (%)

Impact
energy (J) D1 D2 D3 D4 D5 D6
600kHz | 300kHz | 200kHz | 100kHz | 50kHz 10kHz
0.5 0.13 0.10 0.46 4.49 19.88 | 74.94
3.6 0.06 0.08 0.48 5.07 31.31 63.00
10.4 0.37 0.66 2.73 7.86 39.97 | 48.40
153 0.61 0.85 2.44 9.78 4723 | 39.09
20.1 0.17 0.80 229 9.28 23.00 | 64.46
30.1 0.21 0.98 2.43 6.89 36.07 | 53.42
38.1 0.20 1.05 2.81 5.11 28.94 | 61.89
49.2 0.21 1.19 2.99 5.31 26.54 | 63.76
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Table 4 Energy distribution with detail component for each impact energy

Detail wavelet components
(b) Selected wavelet components
Detailed wavelet components of AE sensor signal.

of AE sensor signal

Jmpact Energy distribution (%)
energy (J) D1 D2 D3 D4 D5 D6
600kHz 300kHz 200kHz 100kHz 50kHz 10kHz
0.5 0.45 1.76 6.74 1598 | 4232 | 32.76
3.6 3.19 8.16 19.53 | 20.51 | 35.85 | 12.77
10.4 229 5.16 17.49 | 27.97 | 41.60 5.49
15.3 5.68 7.09 19.44 | 22.02 | 33.89 | 11.88
20.1 3.87 7.33 20.60 | 24.44 | 3524 8.51
30.1 4.18 8.10 2229 | 30.29 | 28.71 6.43
38.1 9.59 14.64 | 32.24 | 20.04 | 19.58 3.91
49.2 7.67 7.21 16.81 | 21.19 | 36.02 | 11.11
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Fig. 13 Cross section photographs of each impact energy.
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