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Simultaneous Sensing of the Strain and the Matrix Cracking
Failure of a Composite Beam Using an Embedded
Fiber Optic Michelson Sensor

I.B. Kwon*, Z.G. Kim**, C.G. Kim* and C.S. Hong*

ABSTRACT

The bending deformation and matrix cracking in smart composite structures were investigated
by conducting four-point bending test of a cross-ply composite beam with embedded fiber optic
Michelson sensor. The fiber optic Michelson interferometric sensor was constructed and em-
bedded in the composite beam. The failure of composite beam, due to the cracking in matrix
materials, were successfully detected by the fiber optic sensor. The matrix crack in composite
beam was confirmed by an edge replica method. The triggered failure signals due to the matrix
cracking failure of the composite beam were acquird and characterized. The digital processing
method for simultaneous sensing was devised. After acquiring the fiber optic signal with 1
milisecond interval. The fiber optic sensor signal was used to calculate the strain of composite
beam and was processed by digital filtering to know the failure instants. The failure instants
were obviously noticeable from the filtered signal of the fiber optic sensor which is compared
with PZT signal.
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Component Specification Manufacturer
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Fiber optic 50:50 Dividing ratio | Newport
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Fig. 1. Fiber Optic Michelson interferometric
sensor.

Table 2. Specimens of composite beam with em-
bedded fiber optic Michelson sensor

. Thickness/ | Gage length
Specimen / Lay-up Width(mm) | length(mm)
T*/ 1.71/24.21 12.49
[90,/0,/{0}/06/90,17 y : :
TZ**/
[904/02/ {0}/06/904:]T 1. 73 / 23. 19 5. 87
Ml ***/
[904/04/ {O}/04/904]T 1.79 / 23.65 11.44
Mz**/
B1*/ 1.71/23.82 13.00
[904/05/ {0}/02/904:[1* . * *
B2*/ 1.78/23.28 18.02
[90,/05/{0}/0,/90, 1 | * . .
* For sensing the strain and failure instants simulta-
neously.
** For characterizing the triggered fiber optic failure si-
gnal.
##% For showing the mid-plane embedded fiber optic se-
nsor signal.
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Table 3. Strains of composite beams at the first
instant of failure referenced by Fig. 11 and
Fig.12,

Surface strain Internal strain

Specimen| by strain gage, by optical fiber,
epsg (%) epos (%
T1 0.41 0. 066
B1 0.40 0.085
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Fig. 3. Experimental setup for 4 point bending
test of smart composite beam,
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Fig.4. Strain and fiber optic signal of [904/04]g
specimen
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Fig. 5. Matrix cracking failure of [90,/04]g
specimen(T1),
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Fig. 6. Triggered fiber optic failure signals of [90,/
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Fig. 7. Tnggered fiber optic failure signals of [90,/
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Fig. 11. Digital processing results of fiber optic se-
nsor and PZT signal of [804/0,/{0}/0¢/
9041+ specimen(B1).
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