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Low-Velocity Impact Damage Detection for GPEp Laminates
Using PVDF Sensor Signals

Chan Yik Park, In-Gul Kim and Young-Shin Lee
Abstract

The PVDF(polyvinylidene fluoride) film sensor as one of smart sensors has good characteristics to
detect the impact damages of composite structures. The capabilities of the PVDF film sensor for
evaluating impact behaviors and damages of Gr/Ep laminates subjected to low-velocity impact were
examined. From sensor signals, the specific wave-forms implying the damage were detected. The
wavelet transform(WT) and Short Time Fourier Transform(STFT) were used to decompose the piezoelectric
sensor signals in this study. The impact behaviors of Gr/Ep laminates were simulated and the impact
forces were reconstructed using the sensor signals. Finally, the impact damages were predicted by
finite element analysis with the reconstructed forces. For experimental verification, a series of
low-velocity impact tests from low energy to damage-induced energy were carried-out. The extent of
damage in each case was examined by means of ultrasonic C-scan and the measured damage areas
were agreed well with the predicted areas by the F.E.A.
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Table 1. Impact test matrix and impact energy
Test Energy Mass Height
D Q) @ | (mm) | Remarks

Test 1 0.123 125 100

Test 2 0.368 125 300

Test 3 0.735 125 600

Test 4 1.103 125 900

Test 5 1.470 125 1200

Test 6 0.493 503 100

Test 7 1.479 503 300

Test 8 2958 503 600

Test 9 4.436 503 900

Test 10 5915 503 1200

Test 11 1.275 1301 100

Test 12 3.825 1301 300

Test 13 7.650 1301 600

Test 14 11475 1301 900 | damage

Test 15 15.300 1301 1200 | damage

Test 16 17675 2004 900 | damage
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1 Comparison of the measured PVDF sensor

signal with the simulated signals of Test 14
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2 Comparison of the measured force with the

reconstructed forces by the strain signal and the
PVDF sensor signal of Test 15
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filter of Test 16
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Fig. 6 Back-face C-scan image of Test 15

Fig. 4 Wavelet transform result of the PVDF sensor (Damage area : 24x18 mm)
signal using Daubechy 2 function for Test 16

Fig. 7 Damage configuration predicted using the
Pomaraties non-linear FEM and the reconstructed force by the

Fig. 5 Photo of matrix crack in the back face of PVDF sensor signals of Test 15
Test 16 (size : 28x8 mm) (matrix crack:22x16 mm, delamination=16x10 mm)
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