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Fiber optic accelerometer based on fiber-mirror interference cavity
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Abstract: An optical fiber accelerometer was designed based on a fiber-mirror interference cavity. The
sensing principle and elastic structure of the accelerometer were introduced and its performance was
measured. A silicon micro-mirror mounted on a mesh spring elastic structure and a fiber facet were
used to form a fiber-mirror cavity to generate optical interference signals as a function of acceleration.
A Phase Generated Carrier(PGC) technology was adopted to modulate the interference signals to ob-
tain phase difference signals with high resolution. Finally, the strain analysis of elastic structure was
performed by Cosmosworks (Solidworks) to calculate the sensitivity. The performance measurement
of prototype shows that the accelerometer can offer a sensitivity of 63. 2 rad/g in the resonance fre-
quency of 160 Hz and a resolution of 4 ng with a dynamic range near 10°. Furthermore, the accelerome-
ter is structure simple and easy to be intergrated and multi-dimensioned.
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Tab.1 Parameters of elastic structure

Symbol Typical Value Description

E 190 GPa
v 0. 26

Young's modulus of mesh
Poisson ratio of mesh material

7 700 ke/m’ Density of mesh and proof mass
o
e & material

T 100 pm  Thickness of mesh
W, 18 mm Width of mesh
L 24 mm  Length of mesh
w 0.5 mm  Width of coil
D, 8 mm Inner diameter of the first coil
D, 11 mm Inner diameter of the second coil
Width of the connection between
W, 0.74 mm i
coils
Length of the connection between
L, 1 mm .
coils
N 2 Number of coils
D 6 mm Diameter of proof mass
T, 0.8 mm  Thickness of proof mass

2 330 ke/m’ Density of micro silicon mirror
m’ )
o & material
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Fig. 3 Sensitivity as a function of elastic structure

parameters

ML 3 0] LL 43t o 48 S 0 4R el o
221 BB 32 BE T 1 O A B R R Y 4R
. SR AR R R TN T L B
BUZ A G R Z AL B R, R F X L
IR A SCR AR B 100 pm, B 2 B8 1 18
PR AS 45 40 BEE 1 Ay e ek 5 4 o sk 3 3 1) S i
gl (OB AR,

S T

B R/ my=8.33X10" g/m. i It w] 1532 i
JETT R BLR SE PR A A R 144 Ha,

Sy Y5k B A T A Y 2R 0 A AR A
A B G 00 e B R Sk 8 TR B 5 1 S
HRE A% T AR R 4 % 307 & AT It T
G5 R WE 4 FR .

800 r
-
S0k e e e s e bR o
te— w=0.5 mm.N=27=100 um

E T 1 1] EEE 4
o l
=2 SO0 bs s smn mimim e e e s ? R
s 400;11: .....
= -
= () e ————————— 41 A
] i
B 900k o snnnsiin e s o
2 200 .f |

100 ez i smusmmmammmns e -

" ———— g ———4 -

) PR S S A e s IO
0 20 40 60 80 100120 140 160 180 200
Frequency/Hz
B4 AR IR AT (0 B 3 i R B
Fig. 4 Sensitivity of prototype corresponding to dif-

ferent frequencies

H 4 TR G2 B T S B i R R 2
63. 2 rad/ g, HALHR A F 160 Hz, 5EEITE P
P RBUE 97. 3 rad/g FIALHR TR 144 Hz M 1L
WA i 22 J5 B 2E 1 b R Y 2 50 o A 2k T 5 R o
T B B 35K A T 55 5[] Bk 3 BT o
TR B TR 1 R R IR AR AR R
TRk BT IR 8l 5 1) 5 o s A R ) B
(3% 317 b X i e 3 T 1 A8 SR AR kAT
I DS R %O R T Y 58 SR R IR
AN 7.9X107" rad/ g, 3 B IZ 0 5 B 3 BB
B S M B B 22 Ak sk AL e

K PGC AR X2 i 3 32 1 HUAS 11 55 56 450
P EAT oM. B 5 BTk 3 4L T 5 5 5
T il 2R 1L 3 4 gl 2 % L % o 3 43 0 Sk — 3412,
0 Fl 64 586 pg, MM, TWAE T
a=364 567 pg Ky ARG IR AL B 1A AL B e
— A X I BOT T E fURF S il sk N SO
1], A matlab 205001 T 45 5 th £ 453 8] T
WS SR B M 240 1.6 mV, 4 I 5915 M L
(Signal-to-Noise ratio, SNR) 3} 159,

400 : : : : 310
350
305
= 300 t
= 300
2 250
2 205
= 200
g 150 =0
=
5 100 "
7] 50 085 090 095
) L:-3412 pg
0 = : = : = ! = 20 g
-1.5 -1.0 -05 00 05 10 15 =7
3164 586 ug

Time/ms
K5 THfEsmeE
Fig.5 Interference signals of accelerometer recorded

in experiment

N T A AR E M LT % PGC fi# R 07 14 19
REH0E K — R 3 7 e AT (5 5 15 2
A TR {5 W LT AR O AR 67 12 22 15 A 67 1% 22 A 4%
JE PR A 6 IR



5 85 BT ORLr-BE i T W R E A i 1183

560 2N
0.9 2
08 F
8; 3 Relative phase error
S =T corresponding to
- 0.5k
© 04 different SNRs
03 F
02 F i T
0.1F ¢ 1/. SNR -hg. .
0.0 [ 1 1 1 s oy T =
0 50 100 150 200 250 300 350
SNR
L SNR=159
g 1201 SNR=115
£ 100f
s sof SNR=74
B 9 _
,§ 40 SNR=36
& 20}
0
-0.050 -0.025 0.000 0.025 0.050

o /rad

6 [l M LG (9 R X A A 158 25 5 A Ao 15 2 6
Fig. 6 Relative and probability density functions of

phase error corresponding to different SNRs

S E 3k

[1] DAE H K, MARIA Q F. A novel optical fiber ac-
celerometer system for monitoring civil infrastruc-
ture [C]. In Proceedings of the 2005 IEEE Sensors
Con ference, 2005,1107-1111.

(2] ZaAZ.FF.8&.5 86488 RHE
W], k% $4R,2007,27(8) :1387-1392.
WANG Y J, LI F, XIAO H, et al.. Sensitivity
calculation of disk-type fiber optic sensor [J]. Acta
Optica Sinica . 2007, 27 (8):1387-1392. (in Chi-
nese)

(3] Fiffe, A, A XM F-PROGL IR I 6%
#OI0. B % % T42,2009,17(12) :2887-2892.
YU Q Y, JIA CH Y. Diaphragm based miniature
fiber optic pressure sensor with F-P cavity [J].
Opt. Precision Eng., 2009, 19 (5):985-989. (in
Chinese)

(4] Eaif. ot Ao, B R AR BTG BB 10 =4
HEGET R I B ). R R $ 4R, 200619
(3):804-806.

WANG J H, CHEN C H, TANG D 1, et al..
Three-component photoelastic fiber optic accelerom-

eter based on the photoelastic effect [J]. Chinese

F P& 6 ] 2T, AF X R AV R 25 B o 1 R EL i 1
RPN o A 255 v {5 M by 159, X R (1 46
XABL R 2E 0,/ R 8. 8X10 7, pl AHA 1 22 %5 i
A R T SR AR A5 W LS A R 22 o, TR BL
AFAE—1.6X10 " ~1. 6 X 10" rad, # I [ fig
Oy PRI /NN AR AL A N 4 pg. B0 ]
B Ji1 3 B Sl — 200 ~ 200 g A I A] 45 3% o 3 B
MBI A 200 10°,

4 5 i

‘o

AR SCAR I A T — Rl O A - T
JERYJEEF IR BE T . A 40 1 i i B 4 1 R
B AR AE R B I X AR REEAT T SE g I
g 2 R W] PGC B B R R AR w5 1 i i
TR HER Kl = 7 BER T AR B 4 pg M AE 160
Hz (LRI AT (9 RGE N 63. 2 rad/g. %t
2T 03 JEE T (9 D0 3 AE T A5 im0 0 o B R L 1Y
LR A 5 T EE O Z2 4RI 5

Journal of Sensors and Actuators, 2006, 19(3):
804-806. (in Chinese)

[5] 5Ah,stsbd, sk, 4. —F A F s LW 3

GrORLF N LR L] e T - k2005,
16(8) : 901-905.
ZENG N, SHI CH ZH, ZHANG M, et al.. A3
component fiber optic accelerometer for well logging
[J]. Journal of Optoelectronics » Laser, 2005,16
(8):901-905. (in Chinese)

(6] Fm.HhEk. &85 el =t 2 e

BAGRBIRII]. % % T 8£,2007,15(4) .
473-477.
LIL, LINY CH. FU LL H, et al.. Research on
spatial division multiplexing of fiber Bragg grating
sensors [ J 1. Opt. Precision Eng., 2007,15(4):
473-477. (in Chinese)

(7] #&E, &4, &%, LT LabVIEW BE2F ik

FEH R RGBT ]. & A A, 2007,34(11) .
25-27.
LIN ZH H, MENG K, RUI D F. Design of optical
fiber accelerometer based on labview [J]. Applied
Science and Technology ., 2007, 34(11).:25-27. (in
Chinese)

[8] WANG Y J, XIAO H, ZHANG S W, et al.. De-



1184

e TR

%19 %

[9]

(10]

[11]

(12]

sign of a fibre-optic disc accelerometer; theory and
experiment [ J|. Measurement Science and Technol-
0gy, 2007,18:1763-1767.
U4, RAE A REA. PR E R OGE EHHR E
LIS IR IR AR PE L], k% A % T 42,2007, 15
(3):326-330.
GUO M J, JIANG D SH, YUAN H C. Low tem-
perature properties of fiber Bragg grating tempera-
ture sensors with two package methods [J]. Opt.
Precision Eng. , 2007, 15 (3):326-330. (in Chi-
nese)
TR A E WL F OUHAR R B S AR TE B
AAESEF T AL ], K F % 4R ,1997,26(2) : 140-
143.
JIANG Y, HUANG SH L, GU Y, etal.. Intrin-
sic fiber optic interferometer based on photoin-
duced Fresnel reflectors [J]. Acta Photonica Sini-
ca, 1997,26(2):140-143. (in Chinese)
He R, ARAEAXFROGEF %A -5 T WAL 3
WHARILT]. k4 $4R.2000,20(7) :873-878.
BI W H. Mathematical model for fiber-optical non-
symmetrical fabry-perot interferometric cavity [J].
Acta Optica Sinica, 2000, 20 (7). 873-878.
Chinese)
Wik RERELE T
LG E A - B T v 2
B £,2010,37(1) :171-175.
KET, ZHU T, RAO Y J, et al.. Accelerometer
based on All-Fiber Fabry-Perot

(in

73

2T R AR T 1Y
A AT F

interferometer

formed by hollow-core photonic crystal fiber [J].

EER N

o T5(1984—) . B WiV L B
BFSEE , 2006 4 T #7 91K 2 35 48 2% +
0, HENAOLLF BRI BT I, E-

mail : lingiaoa@ yahoo. com. cn

FEMPEE (1985 —) 5 ARV L fill 1=
WFFELE L 2008 4F F Wi L K % 3k 14 % +
SEin, BN O A LR R W 5T

Email ; chenliuhua@ coer. zju. edu. cn

[13]

[14]

[15]

[16]

[17]

(18]

Chinese Journal of Lasers, 2010,37(1):171-175.
(in Chinese)

LR L ET A, R4 Fabry-Perot F & AR 2 & &
ALMI. B Toll it . 2009,

JIANG Y, TANG C J. Optical Fiber Fabry-Perot
Inter ferometer Principle and Applications [ M].
2009. (in Chinese)

DJAFAR K M, LOWELL L S. Fiber-Optic Com-
munications Technology [ M. Science Press,
2002.

ALLEN C. Demodulator for interferometric sen-
sors [J]. SPIE, 1999.,3860:338-347.

SMEU E,PUSCAS N N. Theoretical analysis of
the mechanical system for a fiber optic seismic sen-
sor [J]. SPIE,2005,59720X:1-7.

AR, R IR B KL, T G LT L IO
JrE B r LI, R $ 4R, 2009,29(8);
2067-2070.

WU Y H, QU W J, SHAO CH ], et al.. Basic
optical-mechanical transformation theoretical equa-
tion for FBG strain sensors [J]. Acta Optica Sini-
ca, 2009,29(8):2067-2070. (in Chinese)

JE R I, X L BTN Y = A ok
P AL AR )], R F M % T 42,2009,19
(5):985-989.

TANG D L, GUO F, LIU Z N, et al.. Three
component photoelastic waveguide accelerometer
based on photoelastic effect [J]. Opt. Precision
Eng, 2009,19(5):985-989. (in Chinese)

FE HA983—) T W AR 1 L
WFFEAE . 2006 48 T Wi L2 3R A3 24 &
AL, F BN ROGE LU RO & 18R
AT . E-mail:liysue@163. com

R (1961 =), B ULl A, #
.1 4 A 5 U, 1995-1996 4F F 3¢ [
Hrina i R B AL ) FE NG E IR
P38 5 A AR B B BF S . E-mail.

xingkunwu(@163. com



