55 1 2006 1
1000-3290/2006/55 01 /0249-05

ACTA PHYSICA SINICA

Vol.55 No.1 January 2006
©2006 Chin. Phys. Soc.

CO,

nm/ rad/m CO,

ULPFG

PACC 4281W 4281P

1.
7 LPFG
8
Co, LPFG
9
Co,
ULPFG
ULPFG
Co,
9
* 104210

T E-mail yjrao@ cqu. edu. cn

2005 4 18 2005 6 16

LPFG

Co,

400030
610054

ULPFG

ULPFG

ULPFG

AN mo_

res

ULPFG

co cd N m

Mgy — Mg

on

ULPFG
0.2244
ULPFG

0.4394 dB/ rad/m

+ 120°
0.2244 nm/ rad/m

ULPFG

cdd Nom | dA[r\)m/dA

x |1+

ULPFG A"

8415

res

co cd N m

o T gy

d Nm 2
eff

ULPFG N

N



55

250
m 8”:‘} 8’1?}1({:\“' " 5.0 T T T T T T T T T
N m dB
/1?) m . \/‘W\.
=l 3
dSn&  Sng N " 0 ) 1 g SMT1Lt  epp LPo, 1
ony  dniy" " S LPis o
*LPy
ULPFG ong 0.0 . . . . ' . ‘ . .
CO2 ULPFG .1300. 00 1500. 00nm  40. 00nm/D 1700. 00
8ncl N m ﬁ{/:/nm
eff
ULPFG 1 2mm  ULPFG
T =25C.
ULPFG Ty=6/L
rad/m @ L
3
ULPFG 3 1 LPy,
1 ’LP,, 1567.5 nm
E = GR, 2 - 14.85 dB
C E ULPFG ULPFG. 3
R ULPFG  °LP, + 20 rad/m
T
E BTLZ:{N m Snc + 120
ULPFG 0.2244 nm/ rad/m
8 cd N m E COZ LPFG
oy
, 4 4
nziﬂf N m . 1
’LP,, 5
ULPFG
6 cd Nm N 1200 OO
et 1200 0°
10 2 mm
ULPFG
3.
ULPFG
ULPFG SMF-28 ULPFG
ULPFG
ULPFG 5 1 5 ULPFG
ULPFG . 1
2mm  ULPFG
ULPFG
LPFG ULPFG
2 LPFG ULPFG
20 40 mm

L =100 mm ULPFG

2mm C’LP,



251

ULPFG

%o n

2 ULPFG

1574
1572
g 1570 y=0.2244x+1567. 5
~ i
% 1568 |
i
811566
IR 14 h
1564 *
ST
1562 1 . L L y !
300 20 -10 0 10 20 30
1 ih %/ (rad/m)
3 ULPFG
-13.0
-13.5 F
m -14.0 |
o
B -5 F
E W
-15.0 |
-15.5 F
-16.0 . . . p y y
=30 =20 -10 0 10 20 30
it %/ (rad/m)
4 ULPFG
Ay = 1567.5 nm
Az — A, Ay =2 12 nm
Ay A ULPFG
/2: /1’1+/1'3/2/\2= A1+
Ay 12 + 20 rad/m
ULPFG + 4.5 nm
ULPFG
Py Py
P, P, AP, =P, -P, AP,
=P, - Py ULPFG
AP, AP,

e 1

4 B KBt EREE
0 I )
I :
% v
= 4o
w
Az Ap );1 10.3-1 Ay A3 >
B /nm
5 ULPFG
12 -
AP
9 b=
8 9 »=0. 4394x-0. 0056
® st
3 of
E -6t LR
9 Budi g i
20 T15 1o 5 0 5 10 15 20 25
Hiph 2/ (rad/m)
6
AP, AP,  AP=AP, -AP,
2 AP
ULPFG AP >0
ULPFG ULPFG
6
ULPFG

0.4394 dB/ rad/m .

ULPFG
ULPFG

ULPFG



252 55

ULPFG
MHz ULPFG
ULPFG
ULPFG
+ 120° 0.2244 nm/
ULPFG rad/m CO,
LPFG 4
ULPFG
0.4394 dB/ rad/m
Co, ULPFG
Udd E 2002 Fiber Optic Sensors New York Marcel Dekker pl Chin . Phys. 10 631
Wang Y P Rao Y J Ran Z L Zhu T 2003 Acta Phys. Sin. 52 7 Chunn Y L. Wang L A Chen G W 2001 J. Lightwave Technology
1432 in Chinese 2003 19 1159
52 1432 8 ZhangW G KaiGY DongXY YuanSZ Zhao QD 2002 [EEE
Mei N N Kin S C 2002 Optics Communications 208 321 Photon . Technol . Lett. 14 1154
Rao Y J 1997 Meas. Sci. Technol. 8 355 9 Wang Y P Rao Y J 2004 Electronics Letters 40 1101
Rao Y J Wang Y P Ran Z L. Zhu T 2003 J. Lightwave 10 Grubsky V. Skorucak A  Starodubov D S Feinberg J 1999 IEEE
Technology 21 1320 Photon. . Technol . Lett. 11 87

Shun JL XuJH Tian GY GuoJH Zhao] Xie A F 2001 11 Galtarossa A Palmieri L. 2002 J. Lightwave Technology 20 1149



1 253

A high sensitivity fiber-optic torsion sensor based on
a novel ultra long-period fiber grating *

Zhu Tao' > Rao Yun-Jiang® ' © Mo Qiu-Ju'
1 Department of Optoelectronic Engineering  Chongqing University ~ Chongging 400030 China
2 School of Communication and Information Engineering — University of Electronics Science & Technology of China  Chengdu 610054 China
Received 18 April 2005 revised manuscript received 16 June 2005

Abstract
A high sensitivity fiber-optic torsion sensor is described which measures twist rate and determines twist direction
simultaneously by using a novel ultra long-period fiber grating ULPFG  with periods of up to several millimeters fabricated by
high frequency CO, laser pulses. The torsion characteristics of a ULPFG are analyzed based on the coupling theory and
birefringence phenomena. The experimental results show that a higher torsion sensitivity of 0.2244nm/ rad/m for high order
resonant modes was obtained which is four times higher than that of the long-period fiber grating written by high frequency CO,
laser pulses. Finally an intensity-type demodulation approach for the realization of real-time torsion measurement is proposed

and demonstrated based on the edge filtering effect of the ULPFG.
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