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Simultaneous Sensing of Failure and Strain in Composites
Using Optical Fiber Sensors

Hyung-Joon Bang*, Hyun-Kyu Kang*, Chang-Sun Hong“ and Chun-Gon Kim'

ABSTRACT

In aircraft composite structures, structural defects such as matrix cracks, delaminations and fiber breakages are
hard to detect if they are breaking out in operating condition. Therefore, to assure the structural integrity, it is
desirable to perform the real-time health monitoring of the structures. In this study, a fiber optic sensor was
applied to the composite beams to monitor failure and strain in real-time. To detect the failure signal and strain
simultaneously, laser diode and ASE broadband source were applied in a single EFPI sensor using wavelength
division multiplexer. Short time Fourier transform and wavelet transform were used to characterize the failure
signal and to determine the moment of failure. And the strain measured by AEFPI was compared with the that
of strain gage. From the result of the tensile test, strain measured by the AEFPI agreed with the value of
electric strain gage and the failure detection system could detect the moment of failure with high sensitivity to
recognize the onset of micro-crack failure signal.
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Fig. 1 Schematic diagram of EFPI sensor.
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Fig. 2 Typical output of the AEFPL
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Fig. 3 Scaling and shifting of db4 wavelet function and wavelet
decomposition tree.
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Fig. 4 Configuration of the specimen.

AHE @tFEtolulrte] CU-125 NS GrEpTEiZ#a1E
AR o, Bataiel x7] st&EHee RalEdo] 4

FAY T RS (0/(01900]r o AFEMZ A



16 PHE AT EFUYHE

BRI

- A S48 Za, AN E Aoz Fo] 9.59
mm, 745 29 m 2 F52% EFPI AN ALEHAT 3
9]

e AR 23S A8 00 334 900 F Aol AH
o Bl 0° WHoT HANRN, FAT AN AA
Wl wol PZTAAE Fadste] BENsE N2 Hmst
ek

B3zl A sf&d A Aol e 20kHzo el 1E $
YA Esk HERT9) Fig 5T ZATEA wEd dd
2A5E PZTHME B3 ST ¥ STFTE §3 53459
q Mg @ Aot Fukg dHHzE A E FE
St 20 ~ 60 kHz o dFstE BT 60 kHz o]l
Hqog TR F Yed, F 40 4H: E FHo2 F AW
A 49 FHEYG FaE 49 AFo) an, FE&LA

F1lms A% A&y Aa ABHY 60 kHz ol ¥
nFagdedel gEXNZE 02 ms ~ 04 ms A= AFH
o] El 200 kHz o|Ael 313 JH7tz] BRI

1
Time (ms)

Frequency (kHz)

Fig. § Matrix cracking signal and its STFT by PZT.

Fig. 6 2 Fig. 59 U3 2Add 2z g EFPIA
el $wg ehich el Fué o ﬂi%‘%
PZT o A¢st RAtRE & 5 AAL, 40 kHz A F
e 00-”1 9 7% PZT %) t] NZABFALL, 150 kHz o4

of 3ol A EFPI o o3 HSE sEdsel 497t o
Gage #A% & Ao HEAF o 02 me FY WE
S 100 kHz ol F3hg AEE ABEH TR &
1
g0.5»
g ° Ly
B
s [} 0.5 1 15 2 25
Time (ms)

25 ©

Frequency (kHz)
Time (ms)

(a) STFT

3
=)
o
L1

05 —

o,sl .
& o[ A

05 - -

05 —
g o §

T

05 —

05
o 0[ o
o wer

035 [ 05 1 15 2 25

Time (ms)

(b) Wavelet transform

Fig. 6 Matrix cracking signal by EFPI and its STFT & WT.
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