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Evaluation of Wireless MEMS Sensor Measurements
at an Outdoor Field With Temperature Variation in Extreme Environment
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Abstract

Recently, measuring instruments for SHM of structures has been developed. In general, the wireless transmission of
sensor signals, compared to its wired counterpart, is preferable due to the absence of triboelectric noise and elimination of
the requirement of a cumbersome cable. However, in extreme environments, the sensor may be less sensitive to
temperature changes and to the distance between the sensor and data logger. This may compromise on the performance of
the sensor and instrumentation. Therefore, in this paper, free vibration experiments were conducted using wireless MEMS
sensors at an actual site. Measurement was assessed in time and frequency domain by changing the temperature variation
at(- 8C, - 12C and - 16T) and the communication distance (20m, 40m, 60m, 80m).
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(Table 1) Specifications of accelerometer®

Accelerometer channels

Integrated sensors 3 channels(X, Y, 7)
+2~8¢
Accelerometer bandwidth DC to 1kHz

Resolution 20-bit

Measurement range

Noise density (+2g) Bug/V He
Nonvlinearity 0.1% full-scale
0 offset (+2¢) 5mgltyp), +7Bmg(men)
Operating temperature -40°C to +85°C
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(Table 2) Maximum range of data Iogger5)

Setting  Power output(dBm)  Max. range(km)
Extended 16 2
Standard 10 1
Low 0 0.07
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(Table 3) Measurement plan

Temperature(°C) Distance(m)
-8 20 40 60 80
-12 20 40 60 80
-16 20 40 60 80
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4.1.3 Damping ratio
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(Table 4) Damping ratio

Temperature(’C)  Danping ratio(%)  Difference(%)
8 1.67 -
-12 1.67 0
-16 191 14.37
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(Table 5) Natural frequency

Natural

Temperature(°C) frequency(H) Difference(%)
-8 10.50 -
-12 10.75 238
-16 10.75 238
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(Table 6) Damping ratio

Temperature°C)  Damping ratio(%)  Difference(%)
-8 127 -
-12 1.92 51.18
-16 191 50.39
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(Table 7) Natural frequency

Natural

Temperature(°C) frequency(Fz) Difference(%)
-8 1050 -
-12 11.50 9.52
-16 11.25 714
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(Table 8) Damping ratio

Temperature°C)  Damping ratio(%)  Difference(%)
-8 127 -
12 1.92 51.18
-16 1.9 56.69
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(Table 9) Difference of measured results
Natural frequency(Hz) Time delay(sec) Damping ratio(%)
o lemperature | g0 g2c geC | € AXC A6€C | $C  AXC A6C
Distance
20m 1050 1050 135 135 167 191
. 1050 135 126
* Difference(%) 0 0 0 0 0 14.37
40m 1075 1075 135 135 192 191
. 1050 1.38 084
* Difference(%) 238 238 217 217 5118 50.39
60m 11.50 11.25 129 132 192 19
. 10.50 140 084
* Difference(%) 952 714 7.86 571 5118 56.69
80m N/A
* Calculated based on -8°C
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