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A study on the mechanical behavior of the optical fiber sensors

embedded in the composite laminate.
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Abstract

Tensile stress loaded on smart composite structures and thermal stress occurred during the curing

process of the smart composite materials with embedded optical fiber sensors affect directly the
mechanical behavior of the embedded optical fiber sensors within the smart composite structures.
Stress distribution within the optical fiber sensors varies with respect to the stacking sequence of the
composite laminate and the coating conditions of the optical fibers.
The cracks occurred within the composite laminate affect not only the fracture of the composite
laminate but also the fracture of the optical fiber sensors embedded within the composite laminate. In
this study, firstly, stress distribution of the optical fiber sensors embedded within the composite
laminate which is subjected to the tensile and thermal stresses was analyzed using Finite Element
Method. And, secondly, the effect of the stacking sequence of the composite laminate and the coating
conditions of the optical fiber sensors on the stress distribution of the optical fiber sensors was
investigated. Finally, the effect of the crack occurred within the smart composite laminate on the
fracture behavior of the optical fiber sensors was also observed through the tensile test.

1.ME
*ogEaety)le Y 71 AF 8 (Dept. of mechanical
engineering, KAIST) Ae7s BgAge Z2IAEY LFEAE b
" g3 gFHtdF Y (Korea Research Institute of A & HAA(E p), HIZE(a/0) 543 HolW
Standards and Science) AHET Go] ATYHoL} FET e BT Bol
<HFYA 19999 92 15¥9> Ao gov EIFANRE o]4F AEH BE 13



AEE, oAF, AU 15

2 FANA 2e A FREAE 2@ 59
NAR 44 olgar] g8 Fedm gt >
1} 2ol 71AF A%l $4% BgAas FFY
AFHA, AEAet 2& F22 o] &gl wi} ofg
& F2EY A3 AL UL sistd B¢
Ag el 498 FAE Aol BI AF7 o] 7

g5z o

Measures $° 9 Hz22 F44 AM7} 4ge 2
gAs HF3wd 9F 2 ¢FE¥E FPIIt
Mazur $7¢ 344 AA7} AYslE 72244 B
FAgY ZAspdfel A FHF LY, FEF
FHE #9235 B3R EA Alold AW AEd
B3 G¥F 478 FPs90 Tay S0 f882
H9 g Fatd 2HFo] FHT AMd nA = ¥
EgAE A9 F57 2 F3 449 HE et F
A AMd uiXEe FFd #E]  dFsEiad.
Blagojevic 3% Ve #2al-o] Z x| (Kevlar-Epoxy)
AR AdE FHAH AASL 2 59 QA4S F
AN 2FHE Ak oA A FHSilica)t A
£ Aaol H8 AFA%e] YEAEst $58 &
42 A U(Crack Arrestors)A 7| 9E& s Ao
et

Sansonetti F"" P& @AM %-o) Z A (Graphite-
Epoxy) Z&AE o FHF AME AYstd g
4Ye FPAEd 53 2HEF S GAEA vhre
A A¥E #9t. Davidson? Roberts™¥= §384
4 T3 BRHG-AFA BEFARY FAHH
of BAEA HYE FHH AXY AdA A=
$HAFH BF 288 #sted d7IAT Pk F
Mo AA2LME At REZY Ao z€2
B SEFARLY WEE dolo AAE 9FE A
7] fAgd g4 E .
AR e AdE FHH A 48 A
FHE RAA HEd, 538 FREANA Bo] LA
A% &% ¢ FY S R EFARY F
A BAstE dol 9F F$-H(Thermal Stress)e]
23 BEE AAg dutdoz EdAs9 4
A} AA 4 (Coefficient of Thermal
Expansion)& #o]7} AA @-&8o] FZE9 53 o
7 & (Failure Mechanism)9] $8% 242 8%
AR JldEch BR8] 43 A EFARY A
MY 4% A Hojd o A= E&

=3

Ho ot kb rir oy

ge 2489 3% Z=(Stacking Sequence)d] w
@A ZolE Holed ERARY HE ZAEI 07
V& FE HE3He 49F A FAH AN o
B AT Aot Hu AF Axst %o it
E7E PGS WS EFRAR] 49F A5 Ao
7b A

BEEAE o A9 FHR AN 2ARE £
S FH AM A ZHA JdHAE GE F4E
By & Qv gwiRos FEH AME AEE A$
of 44 AMd =ZHE FES YAA AsstEd,
HIZe B4F AMd BIE 3isted zHE A
Jd2 AMZ AFEEe g @3 A7t gel o
Folx 1 gk

FAF AME B84 W AYstd AHeE B¢
gt5o] FrtEel wep FEol B, A FEF
AN 9 dae &g olXA fok T FAH AA
of TYE 3o AL FHeles TYZ AEEHE
Age S4AFst FARd W& " g B oy
Aol AM EFAR ZAAM B TEo

=
o

g W, AgH3 L GHTE A 2T B
AR delH BASE 8 278 FRasd
AdsgT & 298 B4 AN =
& ANE BRAR Bl AU
o
.

g M

ul
12
ox
e,
o
o
ki
i
1
E oo
mzl_:‘
_grh
312
K

21814 2

2EAE el FHH AME ALT 3 FHH
Aol H3 BEAsY 23 W wg §Y £X
7} 2Eldt E3] #44 AMd A EgAEY A
2 wgo] FAF A A WE FHA A S
= 24 29 99(Resin Rich Area)e] A HA &=
o uls] SgAzre HF Lol F2le Agde
A 29 o] FAH FAF AA Uy $7 2
of d%& WA FAR AN F&E BEEy

ta

do



16 2gAE Had AUY B

sted Y3 & AHgste A9t wod dwdes #
g3y A8 Agse Ase A4H
A7 88 e Od g93 AF
T R AM FAF AMd 2" S A E%E B4
of via) FHK AM U &¥ Aert gol gk
a2z Eg4AE o 49 F4F 449 &9
QL

ENS Blud 27 dstd g 2 4909 &4
2dg 7443A. (Fig. 1a)-(d)

Optical fiber Resin rich area

1

(@) (b)

Fig. 1. Sectional shape of the four type models for
the finite element analysis: (a) without resin
rich area and coating layers; (b) with resin
rich area and without coating layers; (c)
without resin rich area and with coating
layers; (d) with resin rich area and coating
layers.
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Table 1. Material properties of the glass/epoxy
composite material.

Property Symbol | Value
Longitudinal Tensile Modulus (GPa) E 435
Transverse Tensile Modulus (GPa) E, Es 5
In-plane Shear Modulus (GPa) Gz, Giz 5
QOut-plane Shear Modulus (GPa) Gn 25
In-plane Poisson’s Ratio vig, viz| 031
Out-of-plane Poisson’s Ratio Vo 045

Longitudinal Tensile Strength (MPa) X 1000

Transverse Tensile Strength (MPa) Y 50
Shear Strength (MPa) S 50
Longitudinal Coefficient of Thermal 63
Expansion (10 strain/C) f '
Transverse Coefficient of Thermal

a2 198

Expansion (10% strain/T) B

Table 2. Material properties of the optical fiber,
coating materials and resin.

Value
Property | Symbol| oyyical| 15t coating | 2nd coating Reci
fiber | material | material "
Modalis o\ o1 | Les Mpa| 0613 | 344
(GPa) pe e ‘
Poisson’s
: v | 014 049 033 |034
Ratio )
CTE ¢« | 05| u |
(108 strain/C)

* CTE : Coefficient of Thermal Expansion
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Fig. 2. Finite element meshes for the four type
models: (a) without coating layers and resin
rich area; {b) without coating layers and
with resin rich area; (c) with coating layers
and without resin rich area; (d) with coating
layers and resin rich area.
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Fig. 3. Coordinates of the optical fiber sensor and
point selected to measure the
distribution of the optical fiber
embedded in the composite laminate.
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Fig. 4. Stresses in the embedded optical fiber sensor
without resin rich area and coating layers.
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Fig. 5 Longitudinal tensile stress and residual
thermal stress in the embedded optical fiber
of the four type models.
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Fig. 6. Tensile load and signal results for the four
type models: (a) without resin rich area and
coating layers; (b) with resin rich area and
without coating layers; (c) without resin
rich area and with coating layers; (d) with
resin rich area and coating layers.

(a) (b)



20 2gAz Azl A0E HH

Fig. 7. Photographs of the fractured composite
laminate specimens: (a) with [90/0»/OF
without coating layers/0»90lr stacking
sequence; (b) with [90/0/OF with coating
layers/0/%0:]r stacking sequence; (¢) with
[0/90/OF without coating layers/90»/0a)r
stacking sequence; (d) with [0/90/OF with

coating layers/90»/02]t stacking sequence.

laser

(a) (b)

Fig. 8. Photographs of the fractured optical fiber in
the composite laminate: (a) with [902/0-/OF
without coating layers/0»/90:}r  stacking
sequence; (b) with [02/90/OF  without

coating layers/902/0z2]r stacking sequence.
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