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Low-velocity Impact Damdage Monitoring

for Laminate Composite panels Using PVDF Sensor Signals

and Acoustics Emission Signals

Hyoung-il Kim*, Jin-won Kim* and In-gul Kim**

Abstract

This paper studied the PVDF(polyvinylidene fluoride) and Acoustic Emission sensors characteristics
of the laminated composite panels under the low velocity impact. The various impact test by changing

impact height is performed on the instrumented drop weight impact tester.
Fourier transform) and WT(wavelet transform) are used to decompose the each sensor signals.

The STFT(short time
A

ultrasonic C-scan and digital scope are used to define damaged area in each case. The test result
indicated that the individual sensor signals involve the damage initiation and development.

Key Words: low velocity impact, PVDF, A.E.,

x

Ao Th

[>
=
I

X

o
= g U

Je
el
2

g

o

off
)3
2

1
JZi
-0,
ox
rlo

ne

olrt

T
rlo

opN
N
ot
ox
o

™N

o}, &7

o] Hl

uE

il

L

2

o)

2

i

X

rE‘ 40, Ob
ol
L,
5 g
rlo

-1

A
se B2, uE %
2 72 244 BUEZold
oeid BHe HE ¥ 4
A 7ed waw Ad 2]
b A9 =3 ek 15,
AN A% F7 &40

A4 71 d3to= Gr/Ep B3A)

2

_1_'

E

}'N

ok

27

short time Fourier transform, wavelet transform

AA et AE.(Acoustic Emission) AAE s
o I 32 ’\]@i gold &4 4158 5
oy, oA = A F f\l}(ghort
Time Fourier l“ransform)ﬁ} go) &2
(Wavelet Transform)< S38Fe] 534 Hgtol o
3 7] &£4& FEs%.
ot #&S 53l 499
9lt}. PVDF A1A1¢} A.E.
stel T A5 7 ARA E

J
el

C-scan ¥} &
< ol:x%og ~}0L }
A Az

#2319

=

s}
A
4l I EmE=s

|

]|
i r_>~,_, J
olf

€]
£

21 XM& 54 Alg7|
e FH g2
Weight Impact Tester)& ©

xﬂ Aa}og 1;}013]- 4—0]_,] /~J
Wk, 48 AA=E Fig. 1% {J
Laser 44, PVDF 414, A.E.



A
= ==
T |

| Presmp |
Fig. 1 Low-velocxty Impact Test Setup
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Table 1 Material Properties of Gr/Ep Unidirectional

Laminate
Property Symbol| Unit Value
Young's Modulus al the
ung’'s Mo .u us. ong the E, CPa 1246
fiber direction
Young's Modulus al
oung’s Modu u‘e d(.)ng B, i g
the transverse direction
Axial shear modulus Gy | GPa 36
Axial Poisson’s ratio 120 0.33
Thickness h mm 0.125
Density P keg/m' 1542
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Fig. 2 Dimension of Specimen and the Position of
sensors
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Table 2 Impact Test Matrix
Impact Height Velocity Energy
mass(g) (mm) (m/s) (1)
600 3.14 5.620
1140 900 ST 8.101
1100 4,14 9.770
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Table 3 Result of Impact

Height Damage area Crack
600mm | 0.85mm° dent Al S
T = = =
900mm l 1. 76mm" dent ¥4 | 0.5mm o3&} 27 A
1100mm \ 3.56mm* dent ¥4y | 1~1.5mm 27§ @4 ‘
600mm | 900mm | 1100mm |

Fig. 3 Digital Microscope
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(b) A.E. sensor signal

Fig. 4 Waveform of PVDF Sensor and A.E. Sensor

Signal (impact height: 900mm)
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Fig. 5 STFT for PVDF Sensor and A.E. Sensor
height: 600mm)
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(a) PVDF sensor signal
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Fig. 6 STFT for PVDF Sensor and A.E Sensor
Signal  (impact height: 1100mm)
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