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Strain Analysis in the Skin and Core Layers of Cross-Ply Composite Laminates
Using A-EFPI Optical Fiber Sensor

Sung-Choong Woo', Lai-Young Park”, Nak-Sam Choi *, Il-Bum Kwon

ABSTRACT

Longitudinal strains (es) of the core and skin layers in glass fiber reinforced plastic (GFRP) cross-ply
composite laminates have been measured using the embedded optical fiber sensor of absolute extrinsic
Fabry-Perot interferometer (A-EFPI). Transmission optical microscopy was used to investigate the damage
behavior around the A-EFPI sensor. Foil-type strain gauges bonded on both the upper and lower surfaces were
used for the measurement of the surface strains. It was shown that values of & in the interior of the skin
layer and the core layer measured by embedded A-EFPI sensor were significantly higher than that of the
specimen surface measured by strain gauges. The experimental results agreed well with those from finite
element analysis on the basis of uniform stress model. Large strains in the core layer led to the occurrence of
many transverse cracks which drastically reduced the strain at failure of optical fiber sensor embedded in the
core layer.
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Fig. 1 Structure of A-EFPI optical fiber sensor.
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Fig. 3 Fabricated composite specimens and sensor locations.
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Table 1 Locations of embedded optical fiber sensors in GFRP cross-ply
laminates
Stacking sequence Specimen
and sensor location {0} Thickness (mm)
[0°%4/90°,/0%/{03 /0%3] 1.5
FS in t
2k.m 'l';ve’f [0°4/90°/0%/{0} /0] 2.0
i {0°4/90%16/0%/ {0} 10%] 3.0
[0°4/90°/{03/90°/0°] 1.5
FS in th
Sore ‘l: ye:‘ [0°/90%4/{03/90°/0"] 2.0
[0%/90%/{03/90°5/0"4] 3.0
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Table 2. The material properties used for FEA
Young's . Shear Coefficient of
Poisson's .
Modulus Ratio modulus  thermal expansion
(GPa) (GPa) 10t
T o= 3 =02 = =
UD- E. =38 v 0...? Gy = 4.1 a = 11
GFRP E =10 v = 0.25 G- = 4.1 a = 25
E =10 ¥ = 0.5 Gy = 3.1 o = 25
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(a) transverse crack

(a) [0°,/90°, /0%, /{0}/0",]

(b}
Fig. 15 Polarized opnml mxcmgrlph of tmnsvcrse cracks (a) and its
magnified view (b) for 10" 190" 6/0° 4] specimen.
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Fig. 13 Polarized optical microscopy observation of 0° layer embedded Q2 51 s Z
specimen in the vicinity of optical fiber sensor under = i %
transmitted light. > ok 110 <
) R
£ £
S st ¢ dos &
1 . 1 00
4ply 8ply 16ply
Number of 90° ply

Fig. 16 Transverse crack thickness and density in the 90° core
layer at the time of optical fiber sensor failure.

(2) [0°,/90°,/{03/90°, /0°,]

fiber direction

(b) [0°,/90%/{0}/90% /0°,]

Fig. 14 Polarized optical microscopy observation of 90° layer embedded
specimen in the vicinity of optical fiber sensor under
transmitted light.
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