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A Study on the Accelerometer for the Acceleration and Inclination
Estimation of Structures using Double-FBG Optical Sensors

Lee, Geum—Suk  Ahn, Soo—Hong ~ Shon, Su—Deok  Lee, Seung—Jae
Abstract

In this study, an acceleration sensor that has optical fibers to measure the inclination and acceleration of a structure
through contradictory changes in two-component FBG sensors was examined. The proposed method was to ensure precise
measurement through the unification of the deformation rate sensor and the angular displacement sensor. A high sensitivity
three-axis accelerometer was designed and prepared using this method. To verify the accuracy of the accelerometer, the
change in wavelength according to temperature and tension was tested. Then, the change in wavelength of the prepared
accelerometer according to the sensor angle, and that of the sensor according to the change in ambient temperature were
measured. According to the test results on the FBG-based vibration sensor that was developed using a high-speed vibrator,
the range in measurement was 0.7 g or more, wavelength sensitivity, 2150 pm/g or more, and the change in wavelength

change, 9.5 pm/C.
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A7 olda, ewel dRe =A wen
(Lee, 1992; Park et al., 2001; Wu et al., 2004).
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1 JtHChan et al.,, 2006; Majumder et al., 2008;
Torres et al.,, 2011; Oh et al., 2014).
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(Fig. 1) The bragg condition and the representative
spectrum of the optical fiber sensor
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force applied to the optical fiber sensor

(Table 1) Tension test result of the sensors

Tension Sensor 1 Sensor 2
(ue) Wavelength Variation Wavelength Variation
() () (m) ()
0 1533.075 0.000 1540410 0.000
100 1533.195 0.120 1540.531 0121
200 1533.315 0.240 1540.652 0.242
300 1533.435 0.360 1540.773 0.363
400 1533.555 0.480 1540.894 0.484
1533.675 0.600 1541.015 0.605
1533.795 0.720 1541.136 0.726
700 1533.915 0.840 1541.257  0.847
800 1534.035 0.960 1541.378 0.968
900 1534.155 1.080 1541.499 1.089
1000  1534.275 1.200 1541.620 1.210
1100 1534400 1.324 1541.745 1.334
1200 1534524 1449 1541.869 1.459
1300 1534649 1573 1541.994 1.583
1400 1534773 1.698 1542.118 1.708
1500  1534.898 1.822 1542.243 1.832
1600  1535.022 1947 1542367  1.957
1700 1535147 2072 1542492 2.081
1800  1535.271 2.196 1542616 2206
1900  1535.39% 2321 1542.741 2.330
2000  1535.520 2445 1542.865 2455
2100  1535.646 2571 1542992 2582
2200 1535772 2697 1543118 2708
2300  1535.898 2823 1543.245 2834
2400  1536.024 2949 1543.371 2961
2500  1536.150 3.075 1543498  3.087
2600  1536.276 3.201 1543.624 3214
2700 1536402 3327 1543751 3.341
2800  1536.528 3453 1543877 3467
2900  1536.664 3579 154404  3.593
3000  1536.780 3.705 1544130 3720
el 7k AAEIT Z1RAQ] B wsieol
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(Table 2) Wavelength changes of the sensors
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(Fig. 7) Wavelength changes according to gravity
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(Table 3) Results of measuring the wavelength
change in the acceleration sensor

. Prototype
Angle  Acceleration of

©) Gravity (g) ~ Wavelength  Variation

(nm) (nm)

0 0 1548.160 0.000

0 1 1548.681 1.040

180 0 1548.160 0.000

270 -1 1547.640 -1.040

360 0 1548.160 0.000
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(Fig. 10) Wavelength changes in Prototype C
according to gravity direction
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(Table 4) Specifications of the vibration test equipment

Sine 1,000 kgf (2,205 Ibf)
Excitation
Random 1,000 kgf (2,205 Ibf)
Diameter < 335mm

Max. Load capacity 160 kg (353 Ib)

(Fig. 12) Vibration test equipment for the acceleration
sensor with optical fibers
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