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Strain Analysis in GFRP Cross-Ply Laminates Using
TR-EFPI Optical Fiber Sensor

S.C.Woo, N.S.Choi, IL.B.Kwon"
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Abstract

Longitudinal strains(e) of the core and skin layers in glass fiber reinforced plastic(GFRP) cross-ply
composite laminates have been studied using the embedded optical fiber sensor of totally-reflected extrinsic
Fabry-Perot interferometer(TR-EFPI). Foil-type strain gauges bonded on both the upper and lower surfaces
were used for the measurement of the surface strains. Both TR-EFPI sensor and strain gauge bonded on the
specimen surface showed excellent agreement within -0.0086 ~ +0.0302% strain. It was shown that values of
& in the interior of the surface layer and the core layer measured by embedded TR-EFPI sensor was
significantly higher than that of the specimen surface measured by strain gauges. The experimental results
were ascertained with finite element analysis. Embedded TR-EFPI optical fiber sensor could measure accurately
the internal strains which were different from the surface.
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Fig. 1 Structure of TR-EFPI optical fiber sensor
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Table 1. Stacking sequence and thickness of GFRP

cross-ply laminates

hStacking sequence | Thickness (mm) (Number of test
[0%4/90"4/0%/{0}/0"] 1.5 2
[04/90"5/0"/{0}/0";] 2.0 2
[0"4/90"16/0",/{0}/0"%] 3.0 2
[0%/90°/{0}/90%/0%] 1.5 2
[0°4/90°4/{0}/90°4/0"] 2.0 2
[0°/90%/{0}/90°%/0%] 3.0 2
— J
‘—7— /E,'\ Tsb [:s
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Fig. 2 Composite specimens and sensor locations
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Fig. 3 Schematic diagram of experimental setup
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Table 2. The material properties used for FEA

_{Young's Modulus| Poisson’s | Shear modulus
Material .
(GPa) Ratio (GPa)
E. =38 vy = 0.26 Gy = 41
GFRP E, = 10 vy = 0.26 G = 4.1
! E, = 10 vy, = 0.52 Gy = 3.1
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Fig. 5 Comparision between strains measured by
SG and TR-EFPI on the specimen surface
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Fig. 6 Measurement of strain versus displacement
of the composite laminate [0°¢90°/{0}/90°40"]
by strain gauge and TR-EFPI sensor

~152—



0.005

)

o
=]
=]
S

x

e
=3
=1
w

Distribution of £ (%
© )
(= (=]
(= (=}
— %3

—_

0.000 . . . .
-1.0 -0.5 0.0 0.5 1.0

Z coordinate (mm)

Fig. 7 &« distribution of [0°490%/{0}/90°/0"%) specimen
by FE analysis

0.0030

0.0025 -

x

0.0020

0.0015 +

Distribution of ¢ (%)

0.0010 -

0.0005

-5 .10 05 00 05 10 15
Z coordinates (mm)

Fig. 8 e, distribution along the thicknesswise
coordinate as a function of core layer

plies by finite element analysis

42 NEH EAd YRojMe AgE 4 49

Fig. 6ol Z~E#Q Alo|A ¢} TR-EFPI #4r
A [0°%90%/{0}/90°%/0%]1¢] HEFTAHL L=
AlgHe wddue HWIPE S JdEdch
WESo] A9le FAH AN WgE ol A
FH ZdodA Y 2EHA Aolx e HygE
gEoh 9t 2A UEdE & F U o9 2
€ Ags fFPeidMT Fig 79 AFdME
2 ez ok 905 we HEste] 32 Alg
HO| ANAFEUIMPa)E T 22 FH30MPa)F =
2 ZH60MPa)L 2 B X 3F S Fo] Fais]y
T AFME AFH A= -1, DAY @t
ol 7b¢ WA Yehtin WRFog ZFF FA
eSS & 4k o 98 AEH Zoy
Fog 2 BAAFE Hol: FUE Rri:
A7 9 WRFY gt 3A YERG A
o8 Azterh Fig. 8L 90° RS FAd u

&R EE Yeld Aolth 90°F(core layer)®
P AZGFE g9 #ol A YegdE ¢ +
t} ol¢} #e AR AYE FHAE YER
. 90°%(core layer)®] FH7} AZAFE YR F|
19 3R A shEA o] w2 A YERd
43 Angn & ¢ Yo}

o, - rju
2
N

A

ey O
Hre

58 B

2 AT A A2 TR-EFPI 4G AA e =
4y AZAEA 2EHA ARAE 0|43ty
GFRP A HZwo W§ W& 3¢ WiE
& EAsta o] AFF}E Ao rxdy A
v wsle o3 e 488 dUg
GFRP Ax 2 Z#e] 90° WEFe WygE ¢
o] Wy E 183 AP EHY ¥YE

2

= 2~
Hzogz a4
A =
X9

:E'
R
ogh
i)
B
flo

)

o4

=%
=5
[¢]

por
o
°
rr
Jo
o
2
%
2
iin]
_t.ld
e
=

Aok, =7, 90°F9 FAZ ADLE dopdy
AP E @ol FA dehded, ot WEO)F
of A" FHfF A &AM aFAget

% 7]
B de dzZHgstAwe EA7)2A7(GF A

¥ 5:2000-1-30400-004-3)¢] Aoz FIPEHYO
o old AR oAHEA ZAF =€)

ila]

o

oz

(1) Sirkis, J. SPIE : Smart Sensing, Processing and
Instrumentation, Vol. 2191, 1994, pp. 137-147.
(2) Culshaw B, Gardiner PT. Smart structure - the
relevance of optical fibers. Fiber and Integrated

Optics 1993;2:353-73.

(3) S. H. Kim, IEEE Journal of Lightwave
Technology, Vol. 17, No. 10, pp. 1869-1874,
1999.

(4) T. A. Tran et al. Industrial and Commercial
Applications of Smart Structures Technologies,
C. Robert Crowe, Editor, Proc. SPIE 2447,
San Diego, California, 1996, pp. 312-323.

—153-



