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Measurement of Material Properties of Composites under High Temperature using
Fiber Bragg Grating Sensors

Dong-Hoon Kang*, Sang-Wuk Park’, Soo-Hyun Kim', Chun-Gon Kim™, Chang-Sun Hong*

ABSTRACT

Composites are widely used for aircraft, satellite and other structures due to its good mechanical and thermal
characteristics such as low coefficient of thermal expansion(CTE), heat-resistance, high specific stiffness and
specific strength. In order to use composites under condition of high temperature, however, material properties
of composites at high temperatures must be measured and verified. In this paper, material properties of
T700/Epoxy were measured through tension tests of composite specimens with an embedded FBG sensor in the
thermal chamber at the temperatures of RT, 100°C, 200°C, 300°C, 400°C. Through the pre-test of an embedded
optical fiber, we confirmed the embedding effects of an optical fiber on material properties of the composites.
Two kinds of specimens of which stacking sequences are [0/{0}/O]r and [90,/{0}/90,]r were fabricated. From
the experimental results, material property changes of composites were successfully shown according to
temperatures and we confirmed that fiber Bragg grating sensor is very appropriate to strain measurement of
composites under high temperature.
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Fig. 1 FBG sensor encoding operation.
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Fig. 2 Verification test specimens of the semsor embedding affection.

A4, AZRY AR AgRE F3 AHAF] e
ingressiegress WHS ZAA ST AW By ZH<E
2 FHE AMEE A9 FR A A7|2 QA 7*12—]'9
AlHe] FH 2 H(imegularities)?] Ty wjol]
Eole HANA g EHe] & wEoof dn o
B AlH HaA Ared G Fol AF AFEA Hol
ol A97h WANUT. FATE, PVC HRE AHE P
ALE= pyc HEo] Bz AHYAAE A9 F

%5 3Hassimilation)F] A|H A|Z ¥ FHo| QFHo] AJ7|A
gon 29 HARAE & & G F A EF £

gAY R A% MM AE F7)9 A4 ARE H|2F 53

BT 9 A 7EA Al dig F A" A9
Edo] B2g dulek MY E A o] X (FLA-5-11-1L, TML)E
o]g-sted FastR o A|Y A= Table 17 Zrh
ARZEE PVC HFL o839 B RPAEL s
o] EA4A3} glo] AHe AFAHNE zET HH 44
HAS et

mlm

o o

Table 1 The results of verification test of sensor embedding

Stiffness Strength Stiffness Strength
o) | (e Mal | [e0,), | (6P P
Ag | Sdev. | Ag | Sev. Ag | Sdev. | Ag | Sden
Normal R3] 1.3 | 2145 | 437 Normel 875 | 018 | 444 | 140
-PVC 128 | 121 | 214 | 400 .PVC 85% | 021 | 446 | 185
jacket jacket
Stainless Stainless

1319 | 22 | 219 | 454 864 | 024 | 454 | 267
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Fig. 3 Curing cycle of T700/Epoxy specimen.
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Fig. 4 Configurations of the test specimens.
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Fig. 5 Experimental setup of tension test at high temperatures.

Table 2 Material properties of [0;]r at high temperatures

AT 100C 20°C 0C 400°C
Ag | Sdv | Ag | Sdv | Ag | Sdev | Ag | S | Ag | Stcev.
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Fig. 6 Material property change of [0:]r with temperatures.
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Table 3 Material properties of [90s]r at high temperatures.

AT 100°C 200°C 300°C 400°C

(90
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Fig. 7 Material property change of [904]r with temperatures,
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Table 4 The comparison of fiber volume fraction
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