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A Study on the Static Strength of Optical Fiber Sensor Embedded
in Smart Composite Structures

Tae-Seong Jang” and Jung-Ju Lee”

ABSTRACT

Statistical analysis and experiment with test machine newly devised for the static strength of
optical fiber embedded within composite laminates was performed. The static strength of optical
fiber embedded within the composite laminate was measured by the use of intensity drop-off of
laser signal transmitted through the optical fibers. The optical fiber embedded within composite
laminate showed lower static strength compared to the strength of bare optical fiber due to the
thermal degradation. However the strength of embedded optical fiber was higher than that of the
bare optical fiber which was exposed to the same thermal cycle as that of curing of composite. The
fracture of optical fiber embedded within the cross-ply laminate was caused by the transverse
matrix crack, while the fracture of optical fiber within the unidirectional-ply laminate was caused
by the internal defect of optical fiber itself.
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Property Symbol Value
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Failure strain in transverse direction € 0.537 %

Fig. 4. Geometry and dimension of specimen (in mm)
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Fig. 9. The intensity change of laser signal transmitted through
the optical fiber sensor embedded in unidirectional-ply
laminate specimen under static loading

ASH QA= At HA e, o] Fx9
SHAECNE AT e Ashdh Seelv 34
f-7121%ke] #2l(debonding)E BASHA gskct. o
A D AFe] AdE FR] sde o
oa &4& 48 BRTe AadE bdErn n
28 4 ok Fig. 109] 38gdn]3 Alzle) ofshd, o
e A3 AE FARE SlE gz B3R
F99l A Ade &8 BRel glge ¢
F Utk &, DUE A3 A" FARY e
B ol EAste 2% dalx] TAEdn 2
HE 4 gl

Fig. 1le B4Faxe] wAs¢ Fx2A4, S 2412l
oA o2 w9 BER ARAE AFet LI A

(b)x200

Fig. 10. Microscopic photographs of a failed optical fiber sensor embedded in unidirectional-ply laminate; where the diameter of

uncoated optical fiber is 125um



56 A - olFF WMEHAMEIEEE
1000F T o ¢ o ’ i 5.0 . : .
o
c F o 7 os -
o

ke v a o b
® V. 40 =
'(_:g V4 o O g e TR SRS « o B D IS
g ¥ o B D 40t ]
o 100 0
o YEvsr o a €1 optical fiber only @
‘% O [0 /OF) 2 fiber breakage
5 +  [0,/90 JOF] - LY
£ v 10,90 /OF] g 30} ‘ i ﬁ"&\ 4
3 = |+ laserintensity |

D T A <

0.4 0.6 08 1.0 12 14 16 18 20 22 24 26 +t

failure strain (%)

Fig. 11. Cumulative distribution of failure strain of optical fibers
embedded within different specimens

e

o AiE FARe JgAE dn aeln ¥ o)
2@ 2 Zgo] ’1‘}%’% FaRe UMY d8E
Fig. 1194 2z & 33|
2¥E Fadd 717
?s% ol BT o
01 AUE FdRe] 9
&@’OE "’X]Z] = ‘T
Z(knee point)o] 2

EA4E Avz gtk &, e A Zgd] el
5 oro %é B9} H|2e

AHE B g
E4o2 wd}y Eg @1%%9] Zgiatel gt 7
Hgog A FAHe] Hd 9gE Uk
o] A5lE FARe dd H¥ES v &
3z}t 0.968% E]r 1 1% & Aol AT 4

jinca

>
I
rr
i

o
o
u
&
[

i
S
L,
5
rﬁ!‘
.11:!
n_u
rlo

ol

off fifl i B rjo 10 oQ fn O x0 (E pfL B4 m ootk X ok

BdRe] S AP Eo] F #A Ut ole o
¥ 5% A0 ’S‘QE} e B LEAA

7t Bl RAERE
)

Foste Aoz nd &

P

_xz

4.3 @ HEW0| AR MR EUE
A AZde] A0E FAAAY g A FE
%‘roﬂ AUE FHRE 548 golA dE A=Y A
stol o8 wesH, 1 A¥HA EAHE Fig. 12004
HoZ 3 gich
= A7 A2 [0/904/0F/9040,:]9 [03/905/OF/
903/031011 ARlE FARY g HEES él@% 5
& %7@6}914 ‘M HE3Ho] AYE FEHE 58
El W 3 ASHE BN %ﬁval s}
% 9gE % % st g WEE &% 49

2'%.0 02 04 06 08 10 12 14 186
strain of cross-ply laminate (%)

Fig. 12. The intensity change of laser signal transmitted
through the optical fiber sensor embedded in cross-ply
laminate specimen under static loading

Fig. 11 yepfigich. Au AFHA Yehte
e sEFEH e V1A TERA, Qe oFg 90°
A sk i) AZwege g Z3bd R g w
X A s Fdolt).

[02/9040F/904/0:]18 A% 7|2 TEol B"%"F‘
HIYEL 0.4731%, [04/905/0F/905/03]2] 7 $el=
0.393%¢13tt. o]¢} 22 WHEL 747 %ﬂﬂ?&f%
AEA G Bl dd Y EY w Axo) AT
st ko, Fd e o] dohvriAA Am #HF
Agelle o 10~2070¢] 4 714 dgo] TAT
ok F, 714 FEol B dde] & JEE vHA
2 FAe shdA A 7] A ggel FYA el F
A e AL o1, AFwe] MPFo] FEI] ol
of 3tH, 7121 #E9 B‘*M g g F] FAH
o S8 F Xo| mgatool w2A FHRIE T
9E e Aolth Fig. 139] @u]7 &3 Alzlo) o5,
B 1A oY 4L Am A AYE F
A B9 34 4ol €2 & £ 3k

FAfe Hd gd AFL AF% [02/9040F
19040,]9) g AE S| 1.0%% o, AZ3 [05/905/

ot)«'- J?S,

© 2 o

OF/903/0;]9] #Ha #EEo 0.863%Y w24,
(0/905/0F/903/0;] 2 Zdo] AUdE B4Fe] o2

AP Eo] o e Aoz Yeiylth ol &4 029
A AN FARe g MEgES VA 7 s

o] FACA Bl vke} 2} [02/904/0F/904/02]8 7]
A 299 # 27k 12 JHE e 9 8
7 Ao] 107 o1} 717 TGl BAfe) shae] 5



B S35 19986 A58 B84 A58 7289 498 Badne 39 Q37ed 3¢ 97 57

transverse
matrix
crack

(b) <150
Fig. 13. Microscbpic photbgraphs of a failed optical fiber sensor embedded in cross-ply larhinate; where fie dlameter of uncoated
optical fiberts 125um

g d7e aendge] ERATHAL LA
2% FYRE o]8F 2vjE 72Be] 554 B 7
5.4 = AAE B4 A7 (@AME : 96-0200-05-01-3)¢]
Aoz S er, oo st} ZA=FU
B9 A28 A5 A2 B9 G0 A8 PR
Nl AARE WHE Yokrs] A A a5 s

.
[s3

Aol B dme dE BAAR WYE o] 4% a3 7 ¥

o]24 Mg £Y3lu, AH Y L Hﬁ} Zke)

g Ay e noteh =% 49 A 1. Visconti, I.C., Langella, A. and Cigliano, C.,
7H A AEFR] A9E AN AR EE “Smart Composites: Technological Characteriza-
Blasld th5e] 288 =52 + YA tion of Optical Sensors”, Proceedings of the Ninth

HS% Asple Foll g FF4Me Z= A3t International Conference on Composite Materials,

T 4338 & Aoz vehdoh AWk Ao Akl Vol. 2, 1993, pp. 393-401.

H AN E F58 WY deo Bz Q8 3 2. Claus, R.O., “Overview of Fiber Optic Sen-
Afurel wivn 2o oo shddct 13 FA4S sor-based Smart Materials and Structures”, Pro-
AME S0 AFd A1 e BAR4AM 2 ceedings of the Conference on Optical Fiber Sen-
FEAE FMAY Eohe AHE 4tk Bn A Su) sor-based Smart Materials and Structures, edited
AE BN e ] # gge o) st o]&ck. by Claus, R. O., held at Blacksburg, Virginia,
A AEde| FAFANE AYE Feole B 1991, p. 3.

ke AT *Jr’ii AEogn JHFANE 3. Carman, G.P. and Mitrovic, M., “Health
Ei}xﬂ"ﬂ ’é} A F BH RS ML dolBe  Monitoring Techniques for Composite Materials

YA A A58 FHF4AME 44 Employing Thermal Parameters and Fiber Optic
g F8% FE/L 42 Sensors”, Proceedings of the SPIE Smart Struc-

Z, e Ao} k. oz Ay HEFgo] AU B tures and Materials Conference, Vol. 2191, 1994,

FANE 717 ool o HEne] 4 YolEE  pp. 244-256.

FE AME 29 F Qlth 4. Valis, T., Tapanes, E.E., Liu, K. and Mea-



WERAMHEER

58 : A - o

sures, R.M., “Passive Quadrature Demodulated
Localized Michelson Fiber Optic Strain Sensor
Embedded in Composite Material”, Journal of
Lightwave Technology, Vol. 9, 1991, pp. 535-
544.

5. Baran, M., "Optical Fiber Sensor for Temper-
ature Measuring”, Proceedings of the Third Inter-
national Conference on Intelligent Materials,
SPIE Vol. 2779, 1996, pp. 198-202. ‘

6. Murphy, K.A., Gunther, M.F., Wang, A. and
Claus, R.O., “Detection of Acoustic Emission
Location Using Optical Fiber Sensors’, Proceed-
ings of the SPIE Smart Structures and Materials
Conference, Vol. 2191, 1994, pp. 282-290.

7. Crispin, D. and Gerard, F., "An Intensity-
based Fibre-optic Vibration Sensor”, Proceedings
of the SPIE Smart Structures and Materials, Vol.
2718, 1996, pp. 94-102.

8. Jensen, D.W., Pascual, J. and August, J.A.,
“Performance of a Graphite/bismaleimide Lami-
nates with Embedded Optical Fibers. Part I: Uni-
axial Tension”, Smart Materials and Structures,
Vol. 1, 1992, pp. 24-30.

9. Jensen, D.W., Pascual, J. and August, J.A_,
“Performance of a Graphite/bismaleimide Lami-
nates with Embedded Optical Fibers. Part I: Uni-
axial Compression”, Smart Materials Structures,
Vol. 1, 1992, pp. 31-35.

10. Measures, R.M., Glossop, ND.W., Lymer,
J., Leblanc, M., West, M., Dubois, S., Tsaw, W.
and Tennyson, R.C., “Structurally Integrated Fiber
Optic Damage Assessment System for Composite
Materials”, Applied Optics, Vol. 28, No. 13, 1989,
pp. 2626-2633.

11. Singh, H., Sirkis, J.S. and Dasgupta, A.,
*Micro-interaction of Optical Fibers Embedded in
Laminated Composites’, Proceedings of the SPIE
Fiber Optic Smart Structures and Skins, Vol.
1588, 1991, pp. 76.

12. Seo, D.C. and Lee, J.J., "“Effect of Embed-
ded Optical Fibers on Matrix Crack Spacing in

" Smart Structures”, Composite Structures, Vol. 32,

1995, pp. 51-58.

13. Lee, D.C., Lee, I.J. and Yun, S.J., “The
Mechanical Characteristics of Smart Composite
Structures with Embedded Optical Fiber Sensors”,
Composite Structures, Vol. 32, 1995, pp. 39-50.

14. Giemes, A. and Menéndez, J.M., "Fatigue
Strength of Glass Reinforced Polyester (GRP)
Laminates with Embedded Optical Fibers”, Pro-
ceedings of the Third International Conference on
Intelligent Materials, SPIE Vol. 2779, 1996, pp.
217-221.

15. Matthewson, M.J. and Kurkjian, C.R.,
“Strength Measurement of Optical Fibers by
Bending’, J. Am. Ceram. Soc., Vol. 69, 1986, pp.
815-821.

16. Weibull, W., “A Statistical Distribution
Function of Wide Applicability”, J. Appl. Mech.,
Vol. 18, 1951, pp. 293-296.

17. AoiE, o3 F, 334, e BAFAx47
B Zwe Ay FE0A nAe ¥, F3E
A 287, A9A A2, 1996, pp. 63-T3.

18. Garrett, K.W., and Bailey, J.E., "Multiple
Transverse Fracture in 90 Cross-Ply Laminates of
a Glass Fibre-Reinforced Polyester”, Journal of
Material Science, Vol. 12, 1977, pp. 157-161.



