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Fatigue Characteristics of Smart Composite Structures with
- Embedded Optical Fiber Sensors

D.C.Lee* and J.J.Lee*

ABSTRACT

To evaluate the effect of embedded optical fibers within the unidirectional and crossply speci-
mens on the fatigue behavior of the laminates, fatigue tests were performed. The optical fibers
embedded within the composite layer of the same direction have little influence on the fatigue life
reduction, while the optical fibers embedded in the 90° direction to the adjacent ply cause the
fatigue life reduction. For the unidirectional specimens, the splitting of laminates was initiated
from the interfacial cracking due to the weak interfacial bonding strength between the optical fiber
and matrix resin, and these effect on the fatigue life was not so significant. For the crossply speci-
mens, the splitting of laminates was initiated from the stress concentration caused by embedded
optical fibers and these effect of splitting in the crossply laminates on the fatigue life was relative-
ly high compared to the unidirectional ply case.
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Table 1. Configurations of the specimens and the embedded
optical fibers for the fatigue test

Stacking No. of embedded | Spacing between No.of
sequence optical fibers optical fibers | tested specimens
0 -~ 12
Unidirectional | 10
Spe{ Coim}ens' 3 6 1
. 5 4 I
0 - N
Crossply
g, | - ;
imens,
3 6 6
0:/90.
10501 5 A 6
0 - 5
Crossply | - 5
specimens, 3 6 5
[0/90s)s 5 4 5
7 3 N

Loading tap /é 14 é 7

Optical Fiber

Fig. 3. Schematic diagram showing the location of embedded
optical fibers: (a) unidirectional specimens, (b) crossply
specimens
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Fig. 4. Plots of fatigue life cycles versus the number of embedded optical fibers for the unidirectional specimens, [0 : (@) linear
scale, (b) logarithmic scale
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Fig. 5. Plots of fatigue life cycles versus the number of embedded optical fibers for the crossply specimens, [02/904]s : (a) linear scale,
(b) logarithmic scale
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Table 2. Average values and standard deviation of the fatigue
life data and life reduction ratio with respect to
specimens without optical fiber for the unidirectional % Optica! fives
specimens, [Ovls /
No. of embedded Average Standard deviation|  Life reduction ©
optical fibers {cycle) {cycle) ratiol 5
b 424.468 130681 -
! 298,090 102489 29.3%
3 214,500 72057 49 44 Optical fib
N 237.690 149970 44.0%

Table 3. Average values and standard deviation of the fatigue
life data and life reduction ratio with respect to
specimens without optical fiber for the crossply
specimens, [02/904)s

No, of embedded Avenige Standard deviation|  Life reduction
optical fibers {eycle) {cycle) ratio{57)
0 1,081,767 103925 -
! 293.508 163934 729%
3 160.373 39226 83.2%
5 1368.44 73432 §7.4%

Table 4. Average values and standard deviation of the fatigue
life data and life reduction ratio with respect to
specimens without optical fiber for the crossply
specimens, [0/90.)s

No. of embedded Average Standard deviation|  Life reduction
optical {ibers (cycle) {eyele) ratio{%)

0 83054 30864 -

| 55524 13744 334

3 23906 3466 72

N 16820 2405 798

7 6444 1981 922
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Fig. 7. Schematic diagrams of cross-section showing the
geometric discontinuity around the embedded optical
fiber, (a) a unidirectional specimen, (b) a crossply
specimen
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embedded optical fiber

splitting

@ )

Fig. 10. Photographs of a crossply specimen with 5 embedded optical fibers showing the splitting growth at the location of the
embedded optical fibers : (a) before the splittings are formed, (b) after the splittings are formed
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Fig. 11. Modelling used in the finite element analysis. (a) schematic diagram for cross-section of a crossply specimen with an
embedded optical fiber, (b) model for finite element analysis
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Fig. 13. Changes of the matrix crack spacings versus the
fatigue cycles for crossply specimens, [0/904]s, with
different number of embedded optical fibers

#H, [6/904),2] :ﬂif\l A&
Aol Zel
g& 9 ﬂ’é}-ﬁ—i 7V
& th flall Fig. 130“ &h
S vhe} o] Jeewihe %al 714
ArolEl A Qo] 2 oakg ukx|

fu i

BN CA

OO—,—J

fh

o

)

2

M =\
R vtk T X
T R D -

f

il
)

i
o g
W, it

%
TR =, [0/90,],¢] 7

2
tlo

2

aR ob ugh ng
1o

Hel g ¢a atF ol W89 7eviE
=339tk Fig. 14004
Ao Qg FAT PAAHEA D), FH
nadge] dder g Avd 7“‘8‘%}(
:1_{14 )JIQEJV,} HU;} al /\c}z}og o1&l W
Aot 3 FFo(EA ez ooAs HY
wA 5 FReF o] AANEE HojFn
ol B upel o] dA Illof o]27] "ol
Agtel] FdFe] AeR A 42 A AT
2 BR, ¢k du] £ uke wliA R A 19 F
= 7Mg;q~3].g] %o]o] 71 ];{»oﬂ_gq HL/@ ol 71;(-] j.?,}

D.u ‘r{ﬁ
rir
o)
-
10,
oA
iy
.2
LL
2
!

P A ¢

2]

M

[y
;N:
g
=

1

o

Omﬂ'-‘
ox [ X ook

S o

o

o e
N

rir
[

2 97 1l9) 78 el 499 Fdide 1y
2 ARO|E B 20 99o] 8L ¢ &
gt 2eht, B 1Le 467 A4usde 2% 2
91 AR S7h BLSE Wy Yoluiy), ol
949 Aoz A sFATeR Aol 2FY
o 24 Aol 5] WL Ao 47w

oz Qs EYAIHe FzsHe Asl @At

. 14. Stifiness changes versus the fatigue cycles for the
crossply specimens, [0./90.]s, with different number of
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