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Monitoring of Low-velocity Impact Damage Initiation of Gr/Ep Panel Using Piezoelectric
Thin Film Sensor

C. Y. Park™, L Kim", Y.S. Lee

ABSTRACT

The piezoelectric thin film sensor can be used to interpret variations in structural and material properties, e.g. for structural
integrity monitoring and assessment. To illustrate one of this potential benefit, PVDF (polyvinylidene fluoride) film sensors are
used for monitoring impact damage initiation in Gr/Ep composite panels. Both PVDF film sensors and strain gages are attached
to the surface of Gr/Ep specimens. A series of impact tests at various impact energy by changing impact mass and height are
performed on the instrumented drop weight impact tester. The sensor responses are carefully examined to predict the onset of
impact damage such as indentation, matrix cracking, and delamination, etc. Test results show that the particular waveforms of
sensor signals implying the damage initiation and development are detected above the damage initiation impact energy. As

expected, the PVDF film sensor is found to be more sensitive to impact damage initiation event than the strain gage.
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Fig. 2 Specimen geometry and senor locations.
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Table 1 Material properties of Gr/Ep Prepreg
Material Ei=124.6 GPa, Ex=8.7 GPa, v =033,
Properties G12=3.6 GPa, p=1542 kg/m’

Table 2 Impact test matrix and impact energy

Mass Mass Mass

Test No Height || Test No Height Test No Height
Energy Energy Energy

125g 503g 1301g

i 100mm 6 100mm 11 100mm
0123 ] 0493 J 12751

125¢ 503g 1301g

2 300mm 7 300mm 12 300mm
0.368 J 1479 J 382517

125¢g 503g 1301g

3 600mm 8 600mm 13 600mm
07351 2958 1 7.650 J

125¢ 503g 1301g

4 900mm 9 900mm 14 900mm
1.103 J 4436 ] 11475 J

125g 503g 1301g

5 1200mm 10 1200mm 15 1200mm
1470 J 5915 1 15300 J
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Fig. 4 Matrix crack of test 14 at the backface Fig. 7 Impact force time histories of impact mass=503g.

(crack size : 22 X5 mm).
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Fig. 8 Impact force time histories of impact mass=1,301g,
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Fig. 9 .Responses of strain gage and PVDF sensor(Test 15).
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Fig. 10 Measured PVDF sensor signal and its STFT of Test 1.
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Fig. 11 Measured PVDF sensor signal and its STFT of Test 8.
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Fig. 12 Measured PVDF sensor signal and its STFT of Test 15.
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Fig. 13 Measured PVDF sensor signal and its STFT with impact
energy=17.675J, impact mass=2,004g.
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