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Fig.1 Diagram of FBG strain sensor dynamic calibration experimental device

¥ FBG N AR & S 253 ok 6 27 6 e A 5 b 07 B 122 , e PR A5 R 3 ok o BRI A8 A5 A AL % 42, Bl
BALWE RGEME AN ] 2 Fr 7R o 76 55 0 R 80 2 R o Bk R A AT A6 A B 1 IR 1) 7™ A Bl A5 U Rl VR T 45 o
B H AL B OCL FBG BDOEMIX R, S8 FBG Fo K 978 4k, At B 1 i 728 Ak (858 1 % 25 6 i
PAAO 5 615 5 BEAT M R i A5 2, BHL L R FE S FBG R AR 15 8 5 I 1A, [ B Al BEL . A8 R A 52
I 7 28 (i F FeL BEL R A8 1SR 2 O A% i 2033 1 o A 5f o

BT R B AR 1N BT, 58 S5 4T FF R R 2 11 ok 4 W B 22 v Bl FBG I A8 A% 8% 2% 1 9] TR 18, I
W FBG N ARG R AR R AT [ 2 1 s, B BELW A8 SR BE T (8] 29 3 s SR Ji5 76 2 F 232 A vif ik () Ak o — N s, A
e SR AR TR I SR AE 24 10 s, 58 B — WA R A2 b #2430 2R ] 250 g A1 500 g B Ak AL A5 4DLAS ] 1Y) 3l 285 00l , 5 52
SR R AL AR ARAT AR A BRSO . AESEI R AT AR 22°CANAR | [A] B SE G E HEARIA
IR 4R sl e 7 1 5 )

0106005-2



Bl b, 45 Bl A WA T 19 FBG R AR £ 8% i S 5 8 o T 1

Dynamic
strain meter

Resistance strain gauge

Cantilever beam

PC

Weight

Dynamic
wavelength
demodulator

W2 FBGREZHREEDSKERS
Fig.2 FBG strain sensor dynamic calibration system
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Table 1 Waveform matching coefficient of FBG strain sensor at 1 529 nm and 1 547 nm

) First test Second test Third test
Weight/g
1529 nm 1547 nm 1529 nm 1547 nm 1529 nm 1547 nm
250 0.994 9 0.994 8 0.989 5 0.989 4 0.991 3 0.9911
500 0.996 4 0.996 4 0.983 8 0.983 5 0.996 4 0.996 3
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Table 2 Peak value of FBG strain sensor and resistance strain gauge at 1 529 nm

Parameter 1 2 3 4 5 6 7
FBG AA /pm 62.3 61.6 61.1 62.0 61.6 62.2 61.8
Strain gauge Ae /pe 50.6 50.6 50.3 50.3 50.4 50.4 50.4

Sensitivity coefficient/
1.23 1.22 1.22 1.23 1.22 1.23 1.23
(pmepe™)
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Table 3 Peak value of FBG strain sensor and resistance strain gauge at 1 547 nm

Parameter 1 2 3 4 5 6 7
FBG AA/pm 59.7 60.8 59.6 59.9 59.9 59.6 60.8
Strain gauge Ae/pe 50.6 50.6 50.3 50.3 50.4 50.4 50.4

Sensitivity coefficient/
. 1.18 1.20 1.18 1.19 1.19 1.18 1.21
(pmepe ')

i A R R AR A Y o AR — I 3 Y, A5 B B RHME R BN AR A PR, 250 g iE TR T 1 529 nm Al
1 547 nm P K A9 FBG AR 1 Jlk i 20 25 A5 i 52 36 3 Y 3 1) ~F- 3494 43 51 o 1.230 pm/pe F1 1.193 pm/pe, HiAH
Xof A o 2 B KA A 0.88 V0, 108 BH 52 30 45 53 1) — BOPE R S R4
%4 250 gBERHH THFBG MEABERBERERY

Table 4 Sensitivity calibration coefficient of FBG strain sensor under 250 g weight excitation

First test Second test Third test Average value
Wavelength/ Sensitivity Relative Sensitivity Relative Sensitivity Relative Sensitivity
nm coefficient/ standard coefficient/ standard coefficient/ standard coefficient/
(pmepe™) deviation (pmepe™) deviation (pmepe™) deviation (pmepe™)
1529 1.23 0.57% 1.23 0.58% 1.23 0.66% 1.230
1547 1.19 0.88% 1.19 0.46% 1.20 0.26% 1.193

M4 B R R Sty R () A — A F A Ry 500 g M RE R IR, 42 BEAR (] A Ak B 7 3 115 FBG R AR 15 SR A% 1 R
TR R, BB A AR — 2L 3 vk, 15 B R MO A ME R B 3R 5 R, 500 g fE TSR T
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Table 5 Sensitivity calibration coefficient of FBG strain sensor under 500 g weight excitation

First test Second test Third test Average value
Wavelength/ Sensitivity Relative Sensitivity Relative Sensitivity Relative Sensitivity
nm coefficient/ standard coefficient/ standard coefficient/ standard coefficient/
(pmepe™) deviation (pmepe™) deviation (pmepe™) deviation (pmepe™")
1529 1.23 0.40% 1.23 0.66% 1.23 0.49% 1.230
1547 1.20 0.31% 1.19 0.32% 1.19 0.26% 1.193
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In—situ Calibration Method of FBG Strain Sensor under Dynamic
Excitation

LU Ye', GONG Huaping', CAI Jingyi', FAN Qiming’, ZHAO Chunliu'
(1 Institute of Oproelectronic Technology, China Jiliang University, Hangzhou 310018, China)
(2 Institute of Optics and Laser Metrology, National Institute of Metrology, Beijing 100029, China)

Abstract: Strain monitoring is important for structural health monitoring of bridges, dams, high-rise
buildings and so on. The metrological performance of strain sensing systems is an important guarantee for
the accuracy of structural monitoring data. Common sensors for strain monitoring include Fiber Bragg
grating strain sensors, resistive strain gauges, and vibrating wire strain gauges. Fibre Bragg grating strain
sensors have the advantages of strong anti—electromagnetic interference, high precision, good durability,
and distributed measurement. They have a large number of applications in the field of engineering
construction and instrumentation. Fibre Bragg grating strain sensors usually work under dynamic conditions
during bridge health monitoring. If the sensor measurement data is incorrect, it will have a negative impact
on subsequent control, monitoring and fault diagnosis systems. Therefore, it is necessary to perform on—
site calibration of the Fiber Bragg grating strain sensor in actual use to ensure the accuracy of the
measurement results. At present, there are mainly two methods for on-site calibration of Fiber Bragg
grating strain sensors: static calibration and dynamic calibration. In the actual bridge inspection, static
calibration must block traffic operation for a period of time, which will have a certain impact on social and
economic life, while dynamic calibration has little effect on traffic operation, so it is necessary to perform
dynamic calibration of Fiber Bragg grating strain sensors. Aiming at the accuracy of fiber grating strain
sensor in measuring dynamic strain value of bridge structure, a calibration method of Fibre Bragg grating
strain sensor under dynamic excitation is proposed. The equal-strength cantilever beam is used to simulate
the bridge structure, and weights of different weights are suspended instantaneously at the end of the equal—
strength cantilever beam to simulate the dynamic excitation generated by the vehicle on the bridge. The
resistance strain gauge has a simple structure, high output accuracy and good stability and is suitable for use
as a standard sensor for the transmission of strain values. Therefore, a high—precision resistance strain
gauge is selected as the reference sensor. The resistance strain gauge is used as the reference sensor, and
the Fiber Bragg grating strain sensor is used as the sensor to be calibrated, and the measurement data
sequences of the reference sensor and the sensor to be calibrated are compared. The premise of dynamic
calibration is that the changes of the magnitude waveform of the sensor to be calibrated and the reference
sensor under the same excitation source are basically the same. If the waveform of the two magnitude
sequences is poorly matched, the dynamic calibration of the sensor cannot be performed. Because the
sampling start time of the reference sensor and the sensor to be calibrated are not synchronized, and their
own characteristics are different, the change waveform of the two measured value sequences will appear
time misalignment. Therefore, in view of the time dislocation problem in the measurement data sequence,
a cross—correlation algorithm is used to match the measurement data of the reference sensor and the sensor
to be calibrated. Then, when the Fiber Bragg grating strain sensor has the initial value, the measurement
value calibration is studied. When the Fiber Bragg grating strain sensor and the resistance strain gauge have
the initial value, the ratio of the wave peak value of the two is used as the sensitivity calibration coefficient
of the Fiber Bragg grating strain sensor. The experimental results show that the method effectively solves
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the time dislocation problem of the measurement data sequence, the data matching rate is more than 98%,
and the dynamic calibration of the fiber grating strain sensor is realized. The use of different weights as the
excitation source does not effect the calibration results. The sensitivity calibration coefficients of Fiber
Bragg grating strain sensors at 1 529 nm and 1 547 nm wavelengths are basically consistent with the static
calibration results.

Key words: Fiber Bragg grating; Dynamic calibration; Data sequence matching; Strain sensor; Data
dislocation
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