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Investigation on PVDF & PZT Sensor Signals for the Low-Velocity
Impact Damage of Gr/Ep Composite Laminates

Hong-Young Lee, Jin-Won Kim, Jung-Min Choi and In-Gul Kim
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ABSTRACT

Low-velocity impact damage is a major concem in the design of structures made of composite materials,
because impact damage is hidden inside and cannot be detected by visual inspection. The piezoelectric thin
film sensor can be used to detect variations in structural and material properties for structural health
monitoring. In this paper, the PVDF and PZT sensors were used for monitoring impact damage initiation in
Gr/Ep composite panel to illustrate this potential benefit. A series of impact test at various impact energy by
changing impact mass and height is performed on the instrumented drop weight impact tester. The wavelet
transform(WT) is used to decompose the piezoelectric sensor signals in this study. Test results show that the
particular waveform of sensor signals implying the damage initiation and development are detected above the
damage initiation impact energy. And it is found that both PZT and PVDF sensors can be used to detect the

impact damage.
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Table 1 Typical Properties of PVDF and PZT sensor

Propert Symbol’ PVDE PLT
r
PEFLY | SYMOL | (pr1-028K) | (C-82)
Young's E(Gpa) 2.1 59
I,
Modulus Ex(Gpa) 1.22 59
E3(Gpa) 1.22 52
Poisson’s Vs 0.33 0.34
Ratio var 0.192 0.34
Pieso Strai Ay (C/N) | 23.0x10™2 | 260.0x10™"
1620 LA T CNY | 3.0x107 | 260.0x10°7
Constants - 7
d(C/N) | -33.0x10 ~540.0x10
Permittivity | x3(F/m) 103x10°% | 31000x107°
Pieso Se C(C/F) 14, 4x10° 346.0x10°
1620 SENSOT ITTEIEIRY | 3.75x10° | 346 0x10°
Constants ; -
C,CIF) 10.9x10° 383.0x10°
4. Z 3nf 3 oF
Ako] 125¢ ¢ EAE 100, 300, 600, 900,

1,200mm o) A1, 503g o A= 100, 600mm ol A,
1170g @ A= Ao hafA = 100, 300, 600mm ol 4]
ztzt 223g 718igith. oju) Z}zhe] F Al A o
e &4 4R E getoz AT 1 AHE
o] Table 2o} Heglal3itt.

Table 2 Impact Test Matrix

Test Mass | Height | Energy Remarks
No. (gr) (mm) )

1 100 0.123] x

2 300 0.368] x

3 125 600 0.735] x

4 900 1.103J x

5 1,200 | 1.470J | Dent ZA
6 503 100 0.493J x

7 600 2.958] | Dent 24
8 100 1.147 | Dent 24

T

9 1170 300 3.440J g:: 323
10 600 6.8801 crack W4
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Fig. 3 Wavelet Transform of PVDF Signal (0.123])
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Fig. 4 Wavelet Transform of PVDF Signal (1.147])
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Fig. 5 Wavelet Transform of PVDF Signal (6.880J)
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Fig. 6 Wavelet Transform of PZT Signal (0.123])
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Fig. 7 Wavelet Transform of PZT Signal (1.147J)
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Fig. 8 Wavelet Transform of PZT Signal (6.880J)
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