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Study on Thermal Behavior of Unidirectional Composite
Materials using Embedded Optical Fiber Sensors
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Abstract

Smart structure that contains sensors, which are either embedded in a composite material or attached
to a structure, is currently receiving considerable attention. Fiber Bragg grating sensor, one of the
optical fiber sensors, has been widely used to sense strain and temperature for smart structures since
both parameters change the resonant frequency of the grating. In this paper, according to the various
heating and cooling conditions the thermal behavior of unidirectional composite material was monitored
by embedding the fiber Bragg grating sensors in the longitudinal and transverse directions of
unidirectional composites. The thermal behavior of unidirectional composite material was monitored for
various heating and cooling rates and applied pressure. It was found that the thermal behavior was
unaffected by pressure variations and heating and cooling rates applied to the composites. The thermal
strains were measured by considering the shift in Bragg wavelength that was generated by the thermal
expansion of composite specimen. The longitudinal and transverse C.T.E.'s were also obtained from the
corresponding temperature-thermal strain curves.
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Fig. 1 FBG sensor array patterned into the
optical fiber
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Fig. 2 Experimental set-up for measuring
thermal strains of a composite specimen
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Table 1 Composite material specimen
for measuring CTE

Materials DMS2224, Type1, Class T,
Grade2, Hexcel Co.
Cure cyde 5F/min heatin~g, 2hr hold at 350F,
S5F/min cooling, Autoclave cure

Usage CTE measurement
Lay-ups [04/80— Sa/04

Curing size 20cm x 20cm

Cutting size Hand trimming
Remarks Sensors 0° , 90°
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Fig. 3 Shift in bragg wavelength with
temperature

Table 2. Longitudinal and transverse
CTE'’s of composites

CTE(Longitudinal) | CTE(Transverse)
Sensor 6, . -6, »
{1677 *Cl [107°/ *Cl
FBG -28 36.6
Strain gage -7 349
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Fig. 4 The Comparison of the results
of FBG's and Strain gages
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Fig. 5 Effect of pressure on the thermal
behaviors of unidirectional composite
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278" Chrin Heaing
278" Chin Cooling
e §5 *Cinin Heting
A2 ¥ e 5 "Clonin Cocling
revee 111 ChrinHaskng
. $1.34°Ciin Cooling
. 05 “ChrinHasing

... 035 "Cimin Cooling

Fig. 6 Effect of heating and cooling rates
on the thermal behaviors of
unidirectional composite material
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