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Research on the Performance of Cantilever Low Frequency Vibration
Sensor Based on Thin-diameter Excessively Tilted Fiber Grating
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Abstract: In order to measure the low-frequency vibration parameters of the structure, a thin-diameter
Excessively Tilted Fiber Grating (EXTFG) cantilever vibration acceleration sensor is proposed, and the
characteristics and optimization methods of the sensor are studied. Firstly, the characteristics of axial strain
and bending strain of the thin—diameter ExXTFG and the sensor model of vibration of cantilever beam are
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analyzed theoretically. Then, the influence of axial tension and bending strain on the vibration of the
cantilever beam is analyzed by static experiments. Finally, the dynamic vibration test of cantilever beam is
completed and compared with the standard—diameter ExXTFG sensor. Experimental results indicate that
under the effect of axial tension and bending stress, the axial strain sensitivity of TE and TM mode of the
thin EXTFG is —4.68 pm/pe and — 3.55 pm/pe, respectively, the wavelength based sensitivity of bending
strain is —8.82 nm/m™and —7.71 nm/m™, respectively, the intensity based sensitivity of bending strain is
6.71 dB/m™ and 0.95 dB/m™*, respectively, and the thin ExXTFG has a higher strain sensitivity than that of
the standard ExTFG. In the cantilever vibration detection experiment, the maximum acceleration
sensitivity at the 3 dB point is more than 500 mV/g, which is about 5 times of the standard-diameter
ExTFG sensors under the same conditions. Compared with the spectral diagram after FFT transformation,
the harmonic component of the thin-diameter ExXTFG sensor is less than those of the standard one.
Therefore, in the vibration sensing, the thin—diameter EXTFG has stronger anti—noise interference ability
and higher detection accuracy.

Key words: Fiber sensor; Thin-diameter excessively tilted fiber grating; Vibration sensing; Cantilever
beam; Axial strain; Bending strain
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Table 1 Wavelength based axial strain sensitivity of the thin—and standard-diameter ExXTFGs
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Fig. 5 Cantilever vibration detection system based on the thin-diameter ExXTFG
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Table 2 Vibration sensitivity of TM and TE modes of thin diameter ExXTFG at different wavelengths of resonance peak
with resonance frequency of 72 Hz

Wavelength point
smp 50%

(TM/ TE) 25% . 5% 100%
(3 dB point)
Property parameter

Output amplitude V/V 0.976/1.46 1.44/1.5 1.44/1.36 0.576/0.8
Natural frequency f/Hz 72 72 72 72
Acceleration a/g 2.82 2.82 2.82 2.82

Maximum acceleration sensitivity S/(mVeg ') 346.10/517.73  510.64/531.92  510.634/482.27 204.26/283.69
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Fig. 7 Input-output amplitude response of the thin-diameter EXTFG at different vibration frequencies

8(a) 5 (¢) N EE T,=0.3 mm R 55 38 B B A 4 A% 72 Hz S AR 1 VI TE Al TM
1) 3 dB A HHEAE S, AT WL TE CTM B 3 dB £ 394 FE 2 B IE 52 4k 9 15 5 . 18 8(b) 55 (d) 43931 hy 28 ast e
{é BL - 4% #2 (Fast Fourier Transform, FFT) 5 TE Fl TM #5345 1§ 1 25% .50 % . 75% #1100 % 3 K 5 1 4
T, AT H A2 ExXTEG IR I 25 % .50 % .75 % F1 100 % 3 1K 5 A4 365 9 3 45 #0576 [ A 41 % 72 Hz, B )& 3 dB
FUCELE S ER) M T B iR 04 7 3 s500T 2 %500 3 A% 31 2 00 4 (9 40 ) 24K, O HL 3 dB g {5 M b (Signal-
to—noise Ratio, SNR) /2 & = i W& 8(b) 5 () fi K BT 7R , TE LR 3 dB 5 F1 100 %0 4 55 1) SNR 4351
42.7 dBH140.2 dB, TM B[ 3 dB £ F1 100 %6 U 4 &1 SNR 2 52.9 dB F147.9 dB, B 3dB £ 1) SNR £ L , iX
SRR 3 dB AL T IR U6 i % A} S B R B TE T IR IR AR AR AR A A DL T, 1 A 1 AR A K
PRI I, AT DA ok 3 IR 4R U 11 3 B I8 K it DA i v R Sl A 0 19 R 0 R MR L

F3 A0 MU B AR EXTEG 19 3 dB s/ R B R i o5 5 SCHR 16 ] v bn E 1542 ExTFG #E47 %) L, P&
SNRAHIE , H 41 B 42 ExTEG 1% 885 018 I o 2 00 /0 Ud W1 78 4% 2l 4G DU B 48 B0 42 ExTEG 50 e s T4 6e

21 7,=0.3 mm(TE mode) 40 25% 43.0 50%
mm | N o 425 2%
2.4 20F.... 75% g 420 75%
I =415
- 100% %410
> 21 m OF 405
S <) m"100%
3 o) 40.
2 13l = 1567.6 1568.0 1568.4 1568 8 1569.2
'g. ’ = —20 F Wavelength/nm
[="
< g
15 F < -4
B ] .;“}.‘"'\"'”"}':\i'ﬂl:;‘.él"é"--: "R e
12 L U u U u U u d 60 —TE mode ‘ o \ T Ll\" "/‘l‘_""J'&!"-"-'/;"."f.'*!‘\:,‘;_r-,ﬁq)._
-0.16 -0.08 0 0.08 0.16 0 200 400 600 800 1000
Times/ms Frequency/Hz
(a) Time domain response of TE mode (b) Spectrogram of TE mode

1206002-7



2.7 —— 7,=0.3 mm(TM mode) 40— 25% 54 0% m
— 50% o
T wl=% =
24H —-— 100% 2 50
3 g 0 ; 48 \]00%
3 21 3 s 75%
2 2-20 dor m
= & 25%
g. 1.8 g 40 i 1557.7 1558.19 1558.53 155897
< < [PEE N . Wavelength/nm
1.5 J b U J -60 - '.-‘: &
121 ” I v vl u u|u U Vi u uuu u hn U ”. u U 80 —TMmOde L I \ P RN L UU.’VI .\ Inll‘hl
-0.16 -0.08 0 0.08 0.16 0 200 400 600 800 1000
Times/ms Frequency/Hz
(c) Time domain response of TM mode (d) Spectrogram of TM mode

B8 iR KB 3 dB K By i o N AR 3 R 1 Y 2596 .50% .75% F1 100% K K & oy 47 (FE B o 3t B SNR)
Fig. 8 The time domain response of the 3 dB point of resonance peak of the fine diameter ExXTFG and the frequency spectrum of
the 25%, 50%, 75% and 100% wavelength points of the resonance peak (the inset is the SNR)
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