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Two Dimensional Fiber Bragg Grating Accelerometer

Guo Yongxing Zhang Dongsheng Li Jieyan Zhu Fangdong
(National Engineering Laboratory for Fiber Optic Sensing Technology , Wuhan University of Technology ,
Wuhan , Hubei 430070, China)

Abstract A novel fiber Bragg grating (FBG) accelerometer based on an elastic structure which consists of a
stainless steel tube and a mass block is proposed. Four FBGs are fixed axially on the tube surface where produce the
most large strain along the circumference of the tube with a 90° angle. Two-dimensional measurement and
temperature compensation are realized through the change of two pairs of FBGs' wavelength shift caused by
vibration. Finite element analysis is used to explain the two-dimensional measurement principle and the resonant
frequency of the accelerometer further. Vibration test results demonstrate that the accelerometer possess of a
resonant frequency of 515 Hz, a wide linear measurement range from 15 m/s’ to 75 m/s’ and a sensitivity of

0.88 pmem '-s’

s”, which is consistent with the finite element analysis results. The two-dimensional vibration test

results show that the accelerometer has a good anti-interference ability.
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Fig. 1 Configuration of the FBG accelerometer

Jons P AL g Tl LA A XA Y X AN O T
RN S8 T B AN < Y R S5 R RV X (B YD
oy R 2 I AR KA Y R R R B A AE XZ (5
YZ) SF1E b AH R A SG LR O FBG3 il FBG4
(8¢ FBG1 A1 FBG2) 43 %!l [a] i 52 3 1F G W A2 7 H
FH 38 AR 78 A 6 1 22 ke Al 23X — 07 ] 9 ik sl fn
HEE L MANFE YZ (8 X 2) -1 (4 W A 65 Gl
WK AR Ak 1 25 18 B A A8 b s Gn S 3 5 R R U
X-YOF [ AT B 7 1 3R 31 s AT LUK 3 Fh iR 21 43 % R
X Y WA J5 1) 4 8 1 2% S A 9 43 0 DA
TELEE AR A 5 R A K R RS 1) — B0, TR UE , AT
ASTGEF S I 4 AR b R ) 2 (B AR S R A S, AT

A TH B T B2 722 A 1 52 0
2.2 MEREMNERITSH

kT i — 2 U O 5 A o s AR SR ) T
VDB A H A R TT 20 B B4 X0 A% J 45 At ) A2 7y
A5 BT I3 M o A IR TR 238 R B I, ot i e 25
B — AR T L A S A A R e LN R
AT 77 A A AR o A UL 0 A A A B B A Y
PRPESEATEZ B — DU Y Sh 5y m AR F O,
4 OGEF M T A Y BT B A2 AN A 4 AL B
NS OLINE 2 fr s . B0 FBG1 ~FBG4 B e
22 M AN % 5 26 43 51 A side line 1~side line 4, #&¢
W B &) F=0.8 NLURNEMNE (201 1B
KGR BN AL EAR M EE B AR A7 IR & AT AL
F e 43518 1.6 mm.2 mm.207 GPa fil 0. 27, {ii F
Jo et e A ) VO s 5 A BE B 0l 27 s 8 Jo A
P MR K A IRBE B RA AR L e 23 51
2 mm.12 mm.10 mm.1 GPa F1 0. 33; i s &t 54
B ORNIPERE 2 . B3 A BRIT o 5 g AR
A BB 4 BT 4 A B AR RN K
EH

side line 3 sidelinel F

I}
St

side line 4 side line 2

[ 2 fin o A SR 1 AR B
Fig. 2 Schematic diagram of the position of side lines
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model: elastomer
sample: sample 1
schematic type: statical strain 1
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Fig. 3 Distribution of strain of the accelerometer
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Fig. 4 Strain trends of the four side lines

model: elastomer
sample: sample 1

schematic type: frequency, displacement 1

model shape: 1 value=531.04 Hz
deformation ratio: 0.000629422
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Table 1 Resonant frequency values of the first five orders

Vibration mode Frequency /Hz

1 531.04
2 531.40
3 899. 78
4 2450. 30
5 2452. 80
resultant displacement /10> mm
102.100
l 93.600
85.090
- 76.590
- 68.080
59.570
51.060
42.550
34.040
25.530
17.020
8.509
0
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Fig. 5 First-order model shape diagram

[l e A P B8 2 A 3 ) 7 6 R 3T % AL T
() — B I IR AB A o e Al LA A 45 ) T A0 g 1 S [
RE G B2 AR B I TR A T TR i
] A O R R

b= 12EL D

X E A 1 RBR . T 9 B R BUEAE . L o
R,
I 1 — B R R A

_ 1 Jk _ 1 [192E]
/= 2t N m 27 mL?® ° (2

BEEE E=2. 06 X10",iNEKE L=
64 mm, i i m m=9. 228 g, WA B J =

D' (1 — A /64 (Hp A=d/D, WENKE d=
1.6 mm, W&/ D=2 mm) LA (2) 1] 15 3R
Y% K 466 Hz,

FSTHEAS U % 466 Hz R T4 IR JC /0 #r
AR 531 Hz, X R 8 &l TR IR S ®
rR B R (G SR 2R R R B R AN A R BT
FB A BRIT /A B v B e 5 AR R Y W
PR 7 4% A SRR B S RS R T 1
SRR R B T A0 BT A5 B i S = s . (2K
AT AL R T PR AR IO TN A 1 IR E
PR T A EE L DL R 0T o H i it S AT R
ATTE R /N BIVA] 35 1 AN [) S 50000 15 SR 2%

1214001-3



3 i
3.1 MEE-MESFHES MEEFENR

TV B SEET YA — 2 fin 3k B 1% Jkei n 1] 6 Ca) iy
TN o NS T i P [ R DA RS R AR R 1 [ AR
T A e R A R A RS M SE B Y . 4 DG ER e
V97 5 8] ) 5 90° 43 A [] AR 2 3 1o i 288 70 A Oy
T £, FBGL ~ FBG4 1 90 3 K 70 5k
1307. 703.1308. 189, 1314. 411,1313. 881 nm, ¥
R BRK 8 w) AR 7= i Uk 3h Ik 2 4 0 4% kg 1k

AT PERE DU 4, W3 &R G2 v R A% AL 5 O vibration
exciter type 4808, B & it K #% N power amplifier
type 2719 bR 2 2% i B % AR O type 4371,
26 23 B AR T 2 36 E MOT 24 w) A 77 1Y
SM130 R4 fift 45, it 8 9 %8 0 2000 Hz. 4 3h i i
SLEEBLANE 6(b) (o) IR, T AZ AR TE X AN
Y ZHETT ) b XA IR S o 0 8 IBOEOIR T ) EE Y
Jr 1), W FBGL F1 FBG2 8l AF Jy 4 s 10 i i 5 2
S

6 Ca) Jin ot FE AL AR BB R (b)Y, (o) FR Bl i

Fig. 6 (a) Photo of accelerometer sensor and (b), (¢) its vibration tests
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Fig. 7 Frequency response of the accelerometer
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