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Abstract For the purpose of measuring micro strain of a stretched metal panel. a measurement system including a
fiber sensor is designed, which works at 1550nm central wavelength. The fiber sensor is actually a small circle of
multimode fiber, fixed vertically on surface of the metal panel. When the metal panel is stretched, the sensing circle

produces strenuous bending loss effect, leading to violent fluctuation of light intensity of back Rayleigh scattering.

also realize distributed and real time measurement. The experimental results show that sensitive radius range of the
3000 pe, measurement precision of micro strain is about 40 pe.
OCIS codes

bending loss multimode fiber sensor is within 3~6 mm, calibration measurement range of micro strain is about 500~

5l

The measurement system of axial micro strain is set up according to the principle of optical time domain reflectometer
and the light intensity of back Rayleigh scattering is acquired so that the strain of metal material is calculated. It can
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Fig. 1 Parameter definition of fiber sensing circle Fig. 2 Relationship between bending radius

and attenuation coefficient
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BEIF IS AS 5 AL AR Z IR R A

AS = AL o pr — ZmAR

L L
T RAE 1A 7 728 9 A6 AT e e 0 i ) S D SR A HRURE B AP AT LU A W 1A R R 5 i O B 4 R
[F1) 14 5 2 A 2 o R B0 A o 114 5 2R ol 8 T S5 S0 A B 1 0 A8 ) P v G R N

X 10°, 3

3 LEHHE
3.1 MERS

A2 2R G0 0 Z2 B E 2T AR G0 5 2R FIOG IR S80S S D AR 2 L A P 4 T 7% s LA RT3 308 S 2F ok b 90 s £ DA 00
TV FERK w35 AR GRS P (S8 P CE A 10 ns) » EEE AR B 10 kHz, L RGP 10 km KOGEFHY
LM Z AL B HAE . RGER ALY B 4% (WDM) K 38 1] BUS 678 17 38 it 495 4 10 742 45 8 9 g 1) B
SE0 . PRI O v RGN FRL B R A 5 R B B 0 Ak Bl o RS R AR R I A S R O RO S AT
BHLPO) H dy B AT BT A I R GE CPF 0 AT B0dl Ak P A M R R AR I B A5 OR . SR T 2 BG4
ST+ HE R T BRI 27 W] A5 20 B o A 00 3o 2R 02 LI ORS B2 AN i (5 MR L . IR i T2 B R
A RCR R AR Z AR K AER R S TSI T 2RO BT i L EH B R,

sensing
fiber
pulse laser WDM > d <
Rayleigh scattering
detector part under test

|

signal conditioning
circuit

|

data acquisition PC

P4 R GE R 4R

Fig. 4 Configuration of experimental system

3.2 fERTH
B R GE P BT 2 R AR A 25 AR OB BAR KRR L B/ N Tl SR AR R i 00 6 1 S ) 5

$105005-3



- S

DR 035 PR 25 25 A4 R 2 {225 e RSTS84 L 75 25 M4 22 25 1
B I 35St ST RS 4 B TR BT 5 77 262, 5/125 pamm 2 BESR2F 1 s 25
AL R =0. 6 om, F 0PI R ET 25 RSO 26T 25 k72 R<20.5 om I BT 25 72
IR/ 0 REE BRI 38 R 2 20 R 00 85 T SR Y60 AT RE G 3R E - R PRBL 0

fixture
7~14mm

sensing circle

Pl 5 5000 i i i, A8 ) 5 B
Fig. 5 Experimental setup of testing axial micro strain
LPRERAE R 1 m AR IBOGER P R G — A/l K /N L7 B T 2 L LA R<C0.5 em /) Bl A S 45 5 4k
JE T Bl 62T 1 i ORG-S 56 mhoRs 3 BOG 27 19 S [ 72 72 48 B A JZ28 8 mm., 582 40 mm., <2 1000
mm) L W S Fros . HiZB B AR RS AL I /N SRR R 2008/ AR, i /N W0 iR A2
R B4/ Tl S A2 BN A8 788 AT 22 08 35 16 i R OR D6 7™ 45— A B2 B BUAMRAE

4 SR RAL IS S My
4.1 ImFBSEENE

U RGO LT K2 4 ke, 7R AR AR R B AL 1) J A DG SR 2 — AT R AR G I SR
51 COTDRO 177 3 0T LU A2 B AR AE G 2T P I 0 B . AR B R 3R AW IR AR B 0.5 e B8R 9 B A1) HCH
St I A il 2 AN AL 6 BT L AR ) UM B AR 2k b BT — SN RS B A 6 Sk s . SO AR AL
R AL T A .

Vel 6 7 160 55 ) O O 38 0 At %
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Table 1 Attenuation of Rayleigh light intensity with different incident light intensities

AL /mm e P.=1.99 mW P.=2.51 mW P.=2.99 mW

AP/mW AP/mW AP/mW
0.5 500 0.12074 0.13795 0.11951
1.0 1000 0.12912 0.12205 0.12361
1.5 1500 0. 14364 0.13831 0.13308
2.0 2000 0.16150 0.16726 0.16332
2.5 2500 0.17013 0.17554 0.18313
3.0 3000 0.19488 0.19174 0.19484
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Table 2 Measuring errors of Rayleigh attenuating light intensity with P,=1. 99 mW

P.=1.99 mW
AP APc, E, APc, E, APcy E,
0.12074 0.1168 —0.0039 0.1203 —0. 0004 0.1199 —0. 0009
0.12912 0.1314 0.0023 0.1308 0.0017 0.1311 0. 0020
0.14364 0. 1460 0.0024 0.1434 —0. 0002 0.1434 —0.0003
0.16150 0. 1606 —0. 0009 0. 1581 —0. 0034 0.1574 —0.0041
0.17013 0.1752 0.0051 0.1749 0.0048 0.1738 0.0037
0.19488 0. 1898 —0.0051 0.1938 —0.0011 0.1933 —0.0016
# 3 P.=2.51 mW I 5 RO G 3R 4R 4k D 22
Table 3 Measuring errors of Rayleigh attenuating light intensity with P,=2.51 mW
P.,=2.51 mW
AP APc, E, APc, E, APc; E;
0. 13795 0.1227 —0.0152 0. 1304 —0. 0076 0.1365 —0.0014
0.12205 0.1358 0.0137 0.1343 0.0122 0.1256 0.0036
0.13831 0.1489 0.0106 0.1428 0. 0045 0.1377 —0. 0006
0.16726 0.1620 —0.0053 0. 1559 —0.0114 0.1605 —0. 0068
0.17554 0.1751 —0.0004 0.1736 —0.0019 0.1817 0.0062
0.19174 0.1882 —0.0035 0.1959 0.0042 0. 1890 —0.0027
F 4 P.=2.99 mW I Bij F] B O 5 451 #E D) i % 22
Table 4 Measuring errors of Rayleigh attenuating light intensity with P,=2. 99 mW
P,=2.99 mW
AP APc, E, APc, E, APc; E,
0.11951 0.1112 —0. 0084 0.1158 —0.0037 0.1203 0. 0008
0.12361 0.1279 0.0043 0.1269 0.0033 0. 1207 —0.0029
0.13308 0. 1447 0.0116 0. 1408 0.0077 0.1374 0.0043
0.16332 0.1614 —0.0019 0.1576 —0. 0057 0.1614 —0.0019
0.18313 0.1782 —0. 0050 0.1772 —0. 0059 0.1839 0. 0008
0.19484 0.1949 0. 0001 0.1997 0.0049 0.1959 0.0011
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Table 5 Comparison of average fitting errors

Average fitting errors
P.=1.99 mW P.,=2.51 mW P,=2.99 mW

Order of fitting polynomial

1 0.0033 0.0081 0.0052
2 0.0019 0. 0070 0.0052
3 0.0021 0. 0036 0.0020
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