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Abstract: To address the measurement difficulties and insufficient accuracy in the high temperature and high-
temperature strain monitoring of hot-end components made of ceramic matrix composites (CMCs) , we demonstrated
an embedded fiber Bragg grating (FBG) sensing method for high temperature and high-temperature strain. First, high-
temperature resistant FBG were fabricated via femtosecond laser direct writing on gold-coated single-mode fibers and
then encapsulated within a high-temperature alloy capillary tube to form a high-temperature resistant fiber optic sen-
sor. Furthermore, microchannels were integrated into the CMCs tensile specimens and aero-engine guide vanes
through femtosecond laser microfabrication. Thereafter, the fiber optic sensors were embedded within these micro-
channels and adhered using a high-temperature ceramic adhesive, thereby constructing smart CMCs hot-end compo-
nents that seamlessly integrate structural functionalities and sensing capability. Under conditions simulating high tem-

perature and rapid gas scouring, we conducted 50 thermal shock tests on CMCs guide vanes across a temperature
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range from 212.5 °C to 855.7 C. The results indicate that the performance of the embedded fiber optic sensors re-

mained stable and was largely consistent with the actual operating conditions. Additionally, the CMCs tensile speci-

mens were subjected to 3300 cyclic tensile tests at temperatures approaching 800 C, obtaining strain values of

367 ue—1 395 pe. The FBG-measured displacements exhibited a strong correlation with those recorded by the me-

chanical testing machine fixture, thus validating the effectiveness and stability of this testing methodology. Overall,

this research successfully achieved the simultaneous in situ online monitoring of high temperature and high-

temperature strain within CMCs components under extreme conditions.

Keywords: fiber Bragg grating (FBG) ; ceramic matrix composites (CMCs) ; high temperature; strain; fiber optic

sensing
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Fig.1 Experimental setup for FBG fabrication using
femtosecond laser and PbP method

1544.89nm F1 1549.80nm , 31 15 4l 1 I 3 K F
25dB. TR A B B S EE A 20 mm, ¥ 4
A~ FBG ZERIFG 0, /3 5lkRichy FBG1 ~ FBG4, ot
WHEEH ) 3 mm, FBG1 #1 FBG4 Z[a] () H Ll

20 mm.

1534.99nm 154489 nm
L 1539 08 1 549.80 nm

~70 . . . .
1530 1535 1540 1545 1550 1555
I K /nm

B2 TCRESEHIEE 45 FBG B R HIE
Fig.2 Reflection spectra of a 4-point FBG array fabri-
cated by femtosecond laser
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Fig.3 FBG sensors encapsulated in a high-temperature
alloy capillary tube
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Fig.4 Relationship between the central wavelength and
temperature of FBGs fabricated by femtosecond
laser and PbP method

FESEBR i A R, HABIU AL FBG 19 0 %
K, B84 FBG M LI KA IEA PR, ik
YRR 4 MEAZE R, #57 FBG HuL K AR i
Adg S T ZMEECR, E 5 s, B4
2 eREC
T =—1.447A4% +87.130A4, +40.379 (5)
P, @ W0 FBG HuO K A i, AR
2 (5) B AT A5 25 B (E.

1200

1000 | o SIERZLIE
— 2 A 2
800 |
o
& 600
o=

T=-1.447A2;+87.130A2,+40.379

20 2 4 6 8 10 12 14 16 18
WA b i /nm
5 HFWERESPOEKEREZ BNFRE MLk
Fig.5 Calibration curve of the temperature to be meas-
ured vs the variation of the central wavelength
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Fig.6 Process flow for embedding fiber optic sensors into
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Fig.8 Temperature test results of guide vanes with embedded fiber optic sensors
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