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Detection of High-Velocity Impact Damage in Composite Laminates
Using PVDF Sensor Signals

Jin-Won Kim’, In-Gul Kim" ¥

ABSTRACT

The mechanical properties of composite materials may severely degrade in the presence of damage.
Especially, the high-velocity impact such as bird strike, 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 technique or any conventional
methods. In this paper, the PVDF(polyvinylidene fluoride) film sensors were used for monitoring high-velocity
impact damage initiation and propagation in composite laminates. The WT(wavelet transform) and STFT(short
time Fourier transform) are used to decompose the sensor signals. A ultrasonic C-scan and a digital microscope
are also used to examine the extent of the damage in each case. This research shows how various . sensing
techniques, PVDF sensor in particular, can be used to characterize high-velocity impact damage in advanced
composite.
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Table 1 Typical properties of PVDF sensor

Properties Symbol(Unit) Value
Density p (x10 *kg/m?) 178
Young's modulus E,(GPa) 21
E ,(GPa) 122
. Vp 0.33
Poisson's modulus
Vy 0.192
. . d 3 (x10 ~“(m/m)/(V/m)) 230
Piezo strajn constants 2 3.0
(Laterally Clamped) |-a2(x10 ~¥(m/m)/(V/m)) :
d 5:(x10 ~(m/m)/(V/m)) 33.0
Permittivity X a(x10 ~BF/m) 103(at 10 K1y)
a g(mm) 15
Dimension b ;(mm) 10
A(mm?) 375
t o(um) 28
14,369
Sensor constant 28lm gjﬁzj 2 3752
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Fig. 1 Schematic diagram of the pneumatic gun facility.
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Fig. 3 Calibration of the velocity vs. pressure.

Table 2 Properties of Gr/Ep(HFG HT145/RS1222)

Property | Symbol | Unit Value
Young's modulus along
the fiber direction E, | Gra 124.6
Young's modulus along
the transverse direction Ep GPa 8.7
Axial shear modulus Gy GPa 3.6
Axial Poisson's ratio Vi 0.33
Thickness mm 0.125
Density D kg/m’® 1542

[On] unidirectional laminate
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Fig. 8 Photographs of specimens for different impact energies.
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Fig. 10 Cscan images of specimens(sensor:5SMHz, 0.25" Dia., sampling
rate:100MHz).
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