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TE R B AL IR 0 25 B P RE T 78 b TR R R Je
PRz G H B A SE 50 i — D WF 58 T ) 4 PM-PCF
B L A IBGR WEPE . 8] 8 R S R i PM-PCF 7£ 7+
MRS BT WA kKA. aTREN FEF
T FI R IR oL R, Sagnac T #5 U A 1 U 1K AE A R I B2

TRARE S, XIZE RS EA B R E %GR
i
1610 | :::Egiﬂl‘ng

e

Wavelength /nm
— —_
ISy 1y
© S
S S

—
o
[oe)
(=]

1570

25 30 35 40 45 50

Temperature /°C
B8 Jstih PM-PCF 16 TH il A e i i 2 v 1 190 Bl A e
Fig. 8 Interference dip wavelength of raw PM-PCF during

heating and cooling process

Nz 35 R B

J T R A M T 4G PM-PCE B A% I8R5k
il 10 FF PM-PCF [ 2 76 o A8 2 il 4% & L, 5 /0 #r
LR AR AL BRAEEYE o TR O T 7R A iz A5 TR 1 IO AR 5% i 2
BB RS E 8 40,01 mm., PM-PCF #% [ & 76 P 4~
TR AR 2 (B, 2 A v A D R [ B, T DL A )

4.2

% ol A7 s 4R JES R R N AR it N 7E PM-PCF | B A%
A5 Ak 538 5 PM-PCF B 90 1) B A it (AL ) B LA A
[ %2 5 22 [ B PM-PCF & B (L) R o & b ff A
1) PM-PCF & BB AR5 R 50 em, 248235 0. 01 mm B},
AH S 1 1 A8 A5 Ak 58 20 pe

& 10Ca) fir 7 A ) 3 48 °F ity PM-PCF 138 5
JEi% . nTLLE F, 20 A8 OB i E] 900 pe B, B4R
PM-PCF JE J§ i Sagnac T W A K A 408 . X 2
J% PM-PCF 7% B BHA7 IE Btk R 80, K 5 6
AR EARSE, F T A R EE M KK T2
gy, LR FE— 8 AL 22 [o/(2n) B %] 191 10(b)
FE R A B3R PM-PCF /9 8 345 B 5 07 748 22 1] 1)
LA ML, LA N y=35. 352+
1566. 21, A W7 A9 £k P 4065 B2 R*=0.99969. A it , %&
T Sagnac T ¥ 00 15 ) 5L iR PM-PCF 1Y )i 28 2 5§ 52
h 35. 35 pm/pe, AHR [ AR 43 HE 3R 0. 56577 pe.

Xof T N AR AR SR AR 5, I AR A% B AR P R R
A S IR TR 8 PM-PCF (9 13 25 14 8GR W 1k .
11 BT 7 o R iR PM-PCF 7 i A8 38 Jiin A e A% 5 & op
B P D A e AR Ak, & BT 7 A B fin R ARG L A o
3 F R4 PM-PCF JE B i) Sagnac + ¥ I 2% 3 K 7 7]
— AN AT A X R PHZ PM-PCF L B AT R 4F
1) IO AR A AR Wi 1
4.3 ZEEHE%EEPM-PCF B EE RSN

AR S 86 3K O T 4 BE B S J§ PM-PCF /9 IR
B AR R o A AR BT 9 A% IR AR Sk B, T D) E PM-
PCF,7E 5 SMF M 4% 2 i B hiH #8 17 10 em 19 PM-

1006005-5



F43%5 F 10 H1/2023 £ 5 B/ RFFR

K9 PM-PCF {4 i 2% 2 i 5
Fig. 9 Strain control device of PM-PCF

@
S
g
g
=
172}
g
E‘
S e — %0
i i | — 900 pe
1560 1580 1600 1620
Wavelength /nm

®) @ dip wavelength
1600 ——linear fitting
%0 1590 |
g
[«
S 1580 F
£
=
A 1570+
y=3b.35x+1566.21
R?=0.99969
1560

0 200 400 600 800 1000
Strain /pe

K10 S [A) A8 R It PM-PCF B 32 SO 35 A0 T 3 A8 Dl 15 R0 AR 19 56 & o (a) S OETE 5 (b) T3 AR B I 5 R AR Y 6 &
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Abstract

Objective

The optical fiber interferometer is a very important optical device, which has been widely used in the fields of

physics, chemistry, medicine, and biological environment monitoring. By changing the substrate material of the inserted
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optical fiber, the performance of the Sagnac optical fiber sensor has been effectively improved. However, limited by the
inherent characteristics of optical fiber (such as photoelastic effect and photothermal effect), the sensitivity improvement of
optical fiber sensors based on Sagnac interference is hindered. Therefore, improving the sensitivity of the Sagnac sensor is
of important research significance. The Sagnac sensors with metal-filled photonic crystal fiber (PCF) can obtain higher
sensitivity. However, manufacturing metal-filled PCF requires more stringent technology and costs. The manufacturing
of functional liquid-filled PCF is simpler than that of metal-filled PCF. At present, most optical fiber sensors are used for
single-element detection, which greatly limits the application of optical fiber sensors. In order to realize two-parameter
detection in complex environments, a two-parameter optical fiber sensor based on the Sagnac interference principle is

designed to detect temperature and strain.

Methods The polarization-maintaining PCF (PM-PCF) model selected in the experiment is LMA-PM-10. The PM-
PCF's core diameter is about 9. 9 pm. The diameter of the air hole cladding is about 54. 3 pum. The diameter of PM-PCF's
cladding 1s about 235 pm. The PM-PCF has a strain-sensitive material that is the strain-applying part of the PM-PCF.
Therefore, strain detection can be effectively realized through the shift of the Sagnac spectrum. Moreover, the material of
the fiber itself and the strain-applying part have a good photothermal effect and thermal expansion effect. Therefore, the
PM-PCEF is also extremely sensitive to ambient temperature. The sensor can be used for temperature detection because the
change in the outside temperature will cause an obvious shift in the interference spectrum. The temperature transformation
can be calculated by the movement of the interference spectrum. In addition, by using the nitrogen pressurization device,
the ethanol solution is filled into the air hole of PM-PCF. By extending the filling time, each air hole of the optical fiber is
filled with ethanol. The filling of temperature-sensitive materials can greatly improve the temperature sensitivity of optical
fiber sensors, which is the reason for filling ethanol in the PM-PCF. Experiments have proved that the sensing

performance of the sensor has been improved.

Results and Discussions First of all, the strain sensitivity of the sensor is tested. Before connecting the optical path, the
PM-PCF i1s welded into the Sagnac ring. The clamp is used to fix the optical fiber in the strain test device. The strain is
gradually increased according to the principle of screw micrometer. The strain sensitivity achieves 35.35 pm/pe in the
strain range of 0-900 pe. During repeated measurements, the sensor shows excellent hysteresis. Then, the temperature
sensitivity of the sensor is detected. The whole sensor is placed in the temperature control box for temperature detection.
The sensor achieves a temperature-sensing sensitivity of —1. 72 nm/°C within the temperature range of 26-50 ‘C when the
PM-PCF is not filled with ethanol. The PM-PCF is placed in a closed air chamber, and each air hole is filled with ethanol
by a nitrogen pressurization device. After the temperature detection, the sensor temperature sensitivity reaches
— 2.66 nm/°C, which is 1.55 times that of the raw PM-PCF. This phenomenon effectively proves the importance of
filling ethanol. During repeated temperature detection, the sensor shows excellent hysteresis. The Sagnac interferometric

sensor for temperature and strain detection has outstanding stability.

Conclusions In this paper, an optical fiber sensor based on the Sagnac interference principle is reported, which is used to
detect temperature and strain in the environment. In the experiment, the PM-PCF is selected as the sensing unit. First,
the PM-PCF without ethanol is fused into the Sagnac interference loop. The sensor relies on the photothermal effect and
photoelastic effect of PM-PCF substrate material to achieve a temperature sensing sensitivity of — 1. 72 nm/°C within the
temperature range of 26-50 °‘C and achieve a strain sensitivity of 35.35 pm/pe in the strain range of 0-900 pe,
respectively. The sensing performance of the Sagnac interferometer can be enhanced by using the external field's tuning
effect of functional materials. In this way, ethanol is filled into the air hole of PM-PCF cladding by a nitrogen
pressurization device. The temperature sensitivity is — 2. 66 nm/°C, which is 1. 55 times that of the raw PM-PCF. The
Sagnac interferometric sensor for temperature and strain detection has a simple structure and excellent hysteresis, which

can be used to improve the sensing sensitivity.

Key words fiber optics; Sagnac interference; polarization-maintaining photonic crystal fiber; temperature sensing; strain

sensing
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