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Real-time monitoring of transverse thermal strain of
space structures based on fiber Bragg gratings
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Abstract ; When composite structures are exposed to the space environments such as low earth orbit, they are known to
undergo considerable temperature change. Therefore , for the successful completion of their missions, it is important for
the structures to maintain the consistent dimensional stability in such a thermal cycling condition. The coefficient of
thermal expansion (CTE) of the structures is suitable to express the dimensional stability and it is needed to be moni-
tored throughout the mission. In the experiment ,two fiber Bragg erating (FBG) sensors have been adopted for the sim-
ultaneous measurement of thermal strain and temperature to get the CTE change. LEO conditions with high vacuum , ul-
traviolet and thermal cycling environments were simulated in a thermal vacuum chamber. The change of the transverse
CTE in a composite laminate exposed to the space environment was measured for intervals of aging cycles in real time.

As a whole, there was no abrupt change of the CTE after 1000 aging cycles. After aging,however,the CTE decreased a
little all over the test temperature range. From the experimental results, it was shown that FBG sensors can be success-
fully embedded into the composite structures to monitor strain and temperature simultaneously, which can check the
health status of spacecrafts under low earth orbit over long-term mission time.
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Fig. 1

schematic diagram of FBG sensors for simultaneous

measurement of temperature and strain
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Tab.1 relationship between temperature of
thermocouple and Bragg wavelength

e R R
-80 1548.51 -15 1549.34 50 1550.07
=75 1548.56 -10 1549. 40 55 1550.12
-70 1548.63 -5 1549.47 60 1550. 18
-65 1548.69 0 1549.50 65 1550.23
-60 1548.76 5 1549.55 70 1550.29
-55 1548. 82 10 1549. 61 75 1550.34
-50 1548.89 15 1549. 67 80 1550. 40
-45 1548.95 20 1549.73 85 1550. 46
-40 1549.02 25 1549.78 90 1550.51
-35 1549.09 30 1549.83 95 1550. 56
-30 1549.15 35 1549. 89 100 1550. 61
-25 1549.22 40 1549.95
-20 1549.28 45 1550.01
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Fig.2  design of FBG strain sensor structures
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Fig.3  strain test result of FBG sensor
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(b) schematic diagram of thermal vacuum chamber
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Fig.4 experimental equipment
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Tab. 2

transverse CTE of composite material

with aging
{?OCJE iiz 200 400 600 800 1000 /E\//f;%:
-60 | 19.4 | 19.3 | 20.3 | 20.2 | 20.2 | 19.8 2.1
-40 | 27.7 | 28.4 | 28.1 | 28.2 | 28.3 | 28.0 1.3
-20 | 29.5 | 30.7 | 30.5 | 30.5 | 30.4 | 30.2 2.5
-10 | 30.1 | 31.1 | 31.1 | 31.0 | 30.8 | 30.7 1.9

0 31.0 | 31.4 | 31.5 | 31.4 | 31.2 | 32. 0.4

20 32.9 | 32.0 | 32.2 | 32.0 | 32.0 | 31I. -3.0

40 33.9 | 32.6 | 32.5 | 32.4 | 32.5 | 32. -4.1

70 34.4 | 35.2 | 34.8 | 34.8 | 34.7 | 34. 0.7

1
9
5
60 33.8 | 33.8 | 33.3 | 33.4 | 33.3 | 33.3 -1.4
7
2

90 43.0 | 43.2 | 43.9 | 43.3 | 43.5 | 43. 0.4
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