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Fiber Bragg Grating Vibration Sensor Based on Sensitive Structure for

“+”.Shaped Beam

Wei Li, Liu Zhuang”, Li Hengchun, Jiang Dazhou
School of Mechanical and Electrical Engineering, Wuhan University of Technology,
Wuhan , Hubei 430070, China

Abstract Two fiber Bragg grating vibration sensors with different sizes are designed by changing the weight and the
center of gravity of mass blocks. Each sensor has an enhanced-sensitivity structure for “-:”-shaped beam. The
sensitivity and resonance frequency of the sensors are deduced, and their structural optimization design and finite
element simulation are performed. The two sensors are fabricated based on theory and simulation analysis, and then
experimentally tested. The experimental results demonstrate that the stable operating frequency range of sensor 1 is

20-80 Hz, the acceleration sensitivity is 120.3 pm * g ', and the resonant frequency is 237.5 Hz. On the other

hand, the stable operating frequency range of sensor 2 is 50-200 Hz, the acceleration sensitivity is 32.9 pm * g ',
and the resonant frequency is 639 Hz. The two sensors have a strong lateral anti-interference ability and their
linearity is above 99%, allowing to meet the requirement of vibration acceleration in different frequency ranges.
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1: bolt; 2: cantilever beam; 3: nut; 4: U-clamp; 5: washer; 6: metal cylinder;
7: upper cover; 8: screw; 9: base; 10: limit screw
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Fig. 1 Diagram of FBG sensor structure
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Fig. 2 Structure of mechanics model of sensor unit.

(a) Top view; (b) front view
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Fig. 3 Force analysis of cantilever beam.
(a) Axonometric drawing; (b) front view
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Table 1 Structure and material parameters of FBG

vibration sensor

Parameter Value
Length of cantilever beam L /mm 36Cor 24)
Optical fiber span / /mm 10
Width of cantilever beam 6/ /mm 16
Height of cantilever beam A /mm 2
Height of platform ¢ /mm 5
Quality of mass block m /g 60Cor 28)
Grating wavelength A /nm 1550
Youngs modulus ofcantilever E /GPa 210
Young's modulus of optical fiber E;/GPa 72

Cross section area of optical fiber A;/(10™% m®) 1.227
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Table 2 Sensitivity of FBG vibration sensor under

different excitation frequencies

Frequency /Hz 20 50 80 100 200

Sensitivityof sensor 1 /
117.3 120.1 123.6
(Cpmeg D

Sensitivityof sensor 2 /
32.0 32.6  34.1
(pmeg ')

BV R G RSN EES G — 4T
FBG RN & A8 K U s AWl Dy 5 1% 848 T K
I8 B KA TR AL AE A e AR/ DN AR FEAE A i
KL HIKRFRELH

DR—ZOlg[ "mj o (23)

M fe KRR TS A T2 2 32 A5 AR B T 1
TE 75 1 Bl 2 ' i 1905 B 1 245 B/ DK EE AR (A
Awin T2 FBG 8 R G0 PERIE . TEIZMG s
1 b B R v A R SR R AR Y R N L TR ) 5 R
(KR B R 2 nm. FBG #8244 Pt % R
0.1 pm, B AT IRAE 1 LR 2 M 3h 255
"3k 86 dB.
53 mEETRESESE

PO 1] T 58 7 % — 2k o A% S ok Ui
TR — T E AR AR . LI T B A SRR T
B 90° 5 [ 2 7 PLPR A% b IR B Uy 1) 4 T AR
AN PR 2 O . g AR RS 1 it AR R N
100 Hz B8R 10 m « s 2 g B #1555 1%
JERPE 2 ATk 300 Hz BffH K 10 m » s 20
BN E S K K R S A A TR R
Ty 1) 0 25 HE I AT X b A5 B A 1 AL R
i 2R B TR R Rt Ze i 16 A 17 R, Ak
PRECHE AT A5 AL RS 1 B P KRS R 5.6 pm, F
KRR o 127.9 pm B TR /N 5% 1%
R 2 B P KRS N 1.0 pm, 3 ) P K RS
36.2 pm, I THEE/ANT 3%, X FRUIL A 1
AL IRES 2 #EAT R A Hoss ) T4k Rk

6 4% 1w

P T — R T R R S OO
WHIR 8l f Jg 2% L L3t 1 — i 5 T A o R A7
B R i g R X AR B R B A T
PR 9 FBG 4k 8l & 18 dv .l ad 07 o i 5 S
B UE AR 45 G AW 5T O 1, R T R AR SRS AT TR
BT A0y A R P DN . O 5T A R R B AR R

1106004-7



ot &2 # 2
e l0m-o” 100 [4] Guo Y X, Zhang D S, Zhou Z D, et al. Research
160 :Z;iﬂz:;i progress in fiber-Bragg-grating accelerometer [ J].
120 Laser & Optoelectronics Progress, 2013, 50 (6):
= 80 060001.
S w0 A, AL, ML, % LR RO i
d o0 { A5 RR B RGO R (1), MOk 5 T2, 2013,
3 -dof 50(6): 060001.
-80 [5] Bai L, Yang H Y, Luo H. Study on fiber Bragg
-120 grating-based geophone[]J]. Laser & Optoelectronics
—1600 0.65 O.IlO 0.'15 0.20 Progress, 2012, 49(11): 110601.
Time ¢ /s e, Bfes, But. SLL MBIk G b T 25 3 11 B
Bl 16 ABRRES 186 1) BT T P4 il 4k F[I]. WOt 56w 5 i &, 2012, 49 (11):
Fig. 16 Curve of cross-axis anti-interference 110601.
characteristic of sensor 1 [6] LuWG, SunQZ, Wo ] H, et al. High sensitivity
micro-vibration sensor based on distributed Bragg
45 a=1_0121-;:,£{200ﬂz reflector fiber laser[J]. Acta Optica Sinica, 2014, 34
- crssatis (7): 0728006.
il 500, I, KL, G TS
£ 1) SCLFHO A1 5 5L 6% BOSR 3 16 BB V] 2%
s ol I $i, 2014, 34(7): 0728006.
éﬂ 5l [7] Guo Y X, Zhang D S, Li J Y, et al. Two
dimensional fiber Bragg grating accelerometer [J].
-30 Chinese Journal of Lasers, 2012, 39(12): 1214001.
_450 0.62 0.104 0.66 0.108 1o oK, AR, AN, & IO G
Time ¢ /s fekas 1], hEBOE, 2012, 39(12): 1214001,
B0 SR 2 B BT [8] Ye M S, Liu D. Application of fiber Bragg grating
Fig. 17 Curve of cross-axis anti-interference characteristic sensing technology in rail transit vehicles[J]. Science
and Technology Innovation Herald, 2018, 15(12):
of sensor 2
84-85.
IR IR RN 237.5 Hz, REE RZREH BT, XU SCER IS R TE BUE 22 A Y
120.3 prm - g0 B 80 Ha B 025 4 4 BRI, HEQH SR, 2018, 15012): 86-55.
ij 1'%@%&2 E'I/Jl %$ﬁ$ﬁ 639 Hz,iﬁif“%fﬁ[j\j [9] Wang SG, Yan L S, Pan W, ez al. Investigation of
-~ track sensor based on matched fiber Bragg gratings
32.9 pm * ’ E Kl 200 Hz LAY E’]yﬁﬁ]{n e [J1. Journal of the China Railway Society, 2011, 33
Zl»‘U\%B”“‘ﬁﬁiﬂﬁT/@ZﬁL Hf’zb@%ﬁfﬁ?bﬁj?‘ﬁ”k (9y: 68.71.
Wt BRI IRSATRA LT ITiIk. HEH &, %,m ERM, E L, WM, S T VTG
AT REAEAEDE 57 BE R . DR UL S 2 id Xﬂi?,u FBG Yl (5 A8 BF ¢ [J] . #kili 24, 2011, 33(9):
PR 7L
[10] Zhuang X Y, Wang J P, Deng Y G, et al. Optical
2 £ X W fiber sensing technologies for pipeline leakage
detection[J]. Optical Technique, 2011, 37(5): 543-
[1] WangJ J, Wei L, Li RY, et al. A fiber Bragg 550.
grating based torsional vibration sensor for rotating FEAUH . FREE. SBBRI, A5 LT 45 R A 7R A
machinery[J]. Sensors, 2018, 18(8): 2669. A R R 53 R 1], e g AR, 2011, 37
[2] Wei T, Qiao X G, Jia Z A. Simultaneous sensing of (5): 543-550.
displacement and temperature with a single FBG[]]. [11] Pan ] Y, Wang L, Liu Y H, e al. Structural
Optoelectronics Letters, 2011, 7(1): 26-29. monitoring for the super high-rise building based on
[3] XuDS, Yin] H, Cao Z Z, et al. A new flexible the fiber Bragg grating sensing technology [J7].

FBG sensing beam for measuring dynamic lateral
displacements of soil in a shaking table test [J].

Measurement, 2013, 46(1): 200-209.

1106004-8

Construction Technology, 2015, 44(20): 40-42.
WaR, oo, N, %, EFraumeia R
M R A M I [T] . i TR, 2015, 44



ot &2 # 2
(20): 40-42. rigid cantilever beam [J]. Chinese Optics Letters,

[12] Li X. Analysis of fiber Bragg grating sensing 2011, 9(10): 100604 .
technology in bridge safety monitoring [J]. China [16] Zeng Y J, Wang J, Yang H Y, et al. Fiber Bragg
Building Materials Science &. Technology, 2017, 26 grating accelerometer based on L-shaped rigid beam
(4): 3-4. and elastic diaphragm for low-frequency vibration
ZSJH . B R 4 W I G O £ 6 M AR R B R AT measurement[J]. Acta Optica Sinica, 2015, 35(12):
1. HEEM B, 2017, 26(4): 3-4. 1206005..

[13] Xue ] F, Song H, Wang W J. Application of optical TR, TR, BB, F. T LIERIHERE %

fiber grating in health monitoring for aircraft TR 25 4 AR AT G 27 6 n 2R B AL IR [T, db
structure [ J . Aeronautical Manufacturing %, 2015, 35(12): 1206005.
Technology, 2012(22): 45-49. [17] Yu Y, Meng Z, Luo H. Study on fiber Bragg grating
BESUEE, RR, TR, 6L L Mboe i as 25 # ft B vibrating  sensors  with  symmetry  push-pull
R R R  T] . ias HlaE R, 2012(22): 45- configuration [ J]. Semiconductor Optoelectronics,
49. 2011, 32(1): 118-122.

[14] Berkoff T A, Kersey A D. Experimental FHE, S, Bk XTRRIME SR LR R o 1% 2R
demonstration of a fiber Bragg grating accelerometer WA [J]. BESOEH, 2011, 32(1): 118-122.
[J]. IEEE Photonics Technology Letters, 1996, 8 [18] Zhang Y S, Qiao X G, Liu Q P, et al. Study on a
(12): 1677-1679. fiber Bragg grating accelerometer based on compliant

[15] Weng Y Y, Qiao X G, Feng Z Y, et al. Compact cylinder [J]. Optical Fiber Technology, 2015, 26:

FBG diaphragm accelerometer based on L-shaped

1106004-9

229-233.



