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ABSTRACT

The objective of this research is to develop real-time failure detection techniques for damage assessment
of composite materials using optical fiber sensors. Signals from matrix cracking or fiber fracture in composite
laminates are treated by signal processing unit in real-time. This paper describes the implementation of time-
frequency analysis such as the Short Time Fourier Transform(STFT) to determine the time of occurrence of
failure. In order to verify the performance of the optical fiber sensor for stress wave detection, we performed
pencil break test with EFPI sensor and compared it with that of PZT. The EFPI sensor was embedded in
composite beam to sense the failure signals and a tensile test was performed. The signals of the fiber optic
sensor when damage occurred were characterized using STFT and wavelet transform. Failure detection
system detected the moment of failure accurately and showed good sensitivity with the infinitesimal failure
signal.
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Fig. 1 Schematic diagram of EFPI sensor
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(a) Shifting and scaling of db4 wavelet function
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Fig. 2 Scaling and shifting if db4 wavelet function ;
wavelet decomposition tree
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Fig. 3 Configuration of the composite specimen
for pencil break test
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Fig. 4 Pencil lead failure signal and its STFT by PZT
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(a) Short Time Fourier Transform
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(b) Wavelet Transform

a
o o

Intensity (V)

=3
o~

sl

&

)

w200
=150
100

(kH

Frequenc:

so 8

Time {ms)

Amplitude
3888

S
mo

2
25 Q Frequency (kHz}
Time (ms)

(a) Short Time Fourier Transform

1
» BF~—_WWW.WWW~JM~WM.«»\“{
1

05 T T T
2 0 SR L L i P e g N S
05 . .

D1
-
{
;
{
k3

D2
&5 D £
o o o
L3
E 4

D3
o

o
@

et

o5 0 05 1 15 2 25
Time (ms)

(b) Wavelet Transform

Fig. 8 Matrix cracking signal by EFPl and its STFT & WT
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Fig. 9 Fiber fracture signal by EFPI and its STFT & WT
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