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Fig. 1.2 Schematic of honeycomb core.
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Fig. 1.8 Influence of strain distribution applied to FBG sensors on reflection spectrum.
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Fig. 2.3 Load-displacement curve.

Fig. 2.4 Fracture surfaces of several sandwich configurations.
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Fig. 2.5 Cross-sectional micrographs of debonding.
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Fig. 2.6 Schematic of specimen for impact test.

Fig. 2.7 Drop-weight impact testing system.
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Fig. 2.8 Photograph of impacted specimen with UMSS5 facesheet.
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Fig. 2.11 Deflection of facesheet at each impact energy.
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Fig. 2.12 Cross section of impacted specimen.
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Fig. 2.13 Schematic of damage detection techniques.
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(a) Normal optical fiber (b) Small-diameter optical fiber
Fig. 2.15 Photographs of formation of fillet.

Fig. 2.16 Micrograph of small-diameter optical fiber embedded in adhesive layer

through slit formed on core wall.
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Fig. 2.17 Micrographs of optical fiber after debonding.
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(b) After impact loading

Fig. 3.2 Photographs of Ultrasonic-C-scan.
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Fig. 3.3 Reflection of ultrasonic waves in sandwich panel.
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Fig.3.4 Cross-sectional photograph of debonding.
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Fig. 3.5 Schematic of behavior of optical fiber after debonding.
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Fig. 3.6 Schematic of Specimen for debonding detection.

Three optical fibers are embedded in adhesive layer.
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Fig. 3.9 Photographs of ultrasonic C-scan and leakage of He-Ne light.
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Fig. 3.10 Schematic of specimen for measuring reflection spectra during cure process.
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Fig. 3.11 Measuring system during cure process.
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Fig. 3.13 Principle of debonding detection.
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Fig. 3.14 Measuring system for debonding detection.
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Fig. 3.15 Measured spectra during tensile loading.
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Fig.3.16 Fracture surface of debonding.
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Fig. 3.17 Finite element model.
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Fig. 3.19 Calculated reflection spectra.

These spectra correspond to the measured spectra in Fig. 3.15.
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49



Normalized Intensity

Normalized Intensity

1.2

1l —Before |
0.8 | ]
0.6 | .
0.4 | _
0.2 | .

0 1 L .

1535 1540 1545 1550

Wavelength (nm)
(a) Before impact loading
1.2 . .
1| |10 |
----- 2.0J }
0.8 1
A i
0.6 | i P
04 4 P
i =
02) IF E b
: \
0 ' -
1535 1540 1545 1550

Wavelength (nm)

(b) After impact loading
Fig. 4.8 Measured Reflection spectra.

50



4.2 Bl ER HFE

4.2.1 B

ATEilCFB VT, FBG B2 W THEBBEEGLZ EEMICHRIHTE 22 2R LN, &
VY OHLDIABNLE NEEE SR L TIRE -T2, Lav L, EH EIXEEMEN E DAL
BEIZAELDNTHITE 220, LRS- T, FBG &2 P ATUTIT /N & 72 8 = L E 231 -
oYt &, FBG B M BHENTALEIC R E RERE T X LF R Mb o726 L T, FBG &
YHWRZTHOTHOMMBE IR L AR H Y . 9 LA, kO FIETIIEER
BEORE S EROTHETHZ LIZR>TLE D,

Z 2T, ERAWMT O HART VOB BEEERET S, BN TEERE
T2, EEAMPIND > TWDERFOOT oMM 0L, EHREAMIE & EHET KLY
IHEAE L TR D, LN -o T, HRAKMTO RN MALORREFRIT S Z LT, @
AR LERBEORE SZ 1 KO FBG BV THIET D Z ENARETH D EEZ T,

AREITIE, BIRERBEERH TFEO ARG & LT, M FBG & v ¥ 2B i R
B0 AT, BIICEATDEmEALT N T AT T4 E AT, EERAHK T O A
XY MEET D, ZORENS . HRAMNEZO AT M LBRGERET 55
FIETITETE RN o722 DOEEN, BAIFRETHD Z L 2mrT,

422 AR NATF I A V& AV BN EREBEERH
4.2.2.1 EBRFGE

B O % Fig. 4.9 (2733, 2o E10mm O 7 R E A ZHIZRFBG & V& H L.
A [Ell% CFRP R EZIZHE U 1T CRHAIZ 1T o 72, | D H OFRBRSEM: T, & o Vi 5 5 mm
BENLTZALIEIZ 0.5 ] DB XL F 2 G272, LT, b9 —HORBRSEMTIX, B i
HAHWIG I 5 mm FEL, S HICE 2 HENCIEE S AIZ 8 mm BEALIZILTIC 1.0 T O
BraxnXaehb 2, FHll AT L% Fig. 4.10 12T,

WEAMPORKKNIEAXXT MAGHIEZARICT 2008, FlZEAT D
MEMS-OSA(Micro-Electro-Mechanical Systems-Optical Spectrum Analyzer) T 5[32], #E %
Fig. 41112737, 2, AT v T AT T4 F0kERI T —% MEMS HfilF CIHFIC
WOmIZ/ERLL , BB N CHIESEH 2 LIk, MO THEIER ALY MVEHIZ ATREIZ L
TWo, RS MERIL. 020 nm LA, @ lEAHIT 1 ms B, 777205 1 #HIC 1000 EF2
DAL MAFHRINFEETH D, WERONANT T AT FF4 P TIE, WFBHIEHIAN 1 s
FREE LB o ToTe D, FRNZREHI LR 22035 7223, 2D MEMS-0SA % 5 Z & T,
ERAMFDOALT MABRERET D2 ENTE D,

F 7o, EEAMN T ORKFEDOOT HE S [FRFZTHAR S 720 3R H.012%F LT FBG
TN ERONE, T E FBG B L LT AEZT HEI, 7—VRE 1 mm
DOESBH B O A7 — P FFEZEWER) . KFG-1N-120-C1-11L1M2R) % 25 k& T 5 # Ak v

51



7=,
DL EORERSAE T, BEEAM T2 MEMS-OSA TRAPEAR 7 ML AEGEHAI L. FIRHIZ
BOT BT — 2 TOT oA OB &~ T,

Strain
E

t Point

(2)0.57] (6)1.07

Fig. 4.9 Schematic of specimen.

o

Time-Load

Specimen
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Fig. 4.12 Deflection of facesheet along FBG sensor.
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Fig. 4.13 Measured strain at each point during impact loading.
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Fig. 4.14 Measured spectra during impact loading.
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Fig. 4.15 Calculated spectra at each impact energy.

These spectra correspond to the measured spectra in Fig. 4.14.
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APPENDIX A fENTIZ FH W =944

A IREESZBEAT I DN TR B 2 LU ISR,

CFRP (ZE SRS E LTH O, LM 4 1 5w & L, miQ. 3 FmFEhtke 4
Do

WY A I RYIE, T ATFHEL LT,

Table A.1 Material properties of T700S/2500 unidirectional laminates

and small-diameter optical fiber.

T700S/2500 Small-diameter Polyimide

optical fiber coating

Elastic moduli (GPa) E, 130.1 73.1 1.5
E, 8.03
G2 4.8

Poisson's ratio iz 0.31 0.16 0.25
W3 0.49

Thermal expansion coefficient an 0.3 0.5 15

(x10°/°C) o 36.5
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AT N UM VN FBG & o O Se 5 % DL R ISR,

Table A.2 Optical properties of small-diameter FBG sensor.

Pockel constants P

P12

Initial average refractive index ng
Initial grating period (nm) do
Index modulation An
Refractive index of cladding N

0.113
0.252

1.454

535.87

3x10™

1.444
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