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Simultaneous Measurement of Curvature and Temperature Using Long—Period

Fiber Grating Inscribed on Polarization—Maintaining Fiber with CO,; Laser

Jeong Sun Jae

Department of Electrical Engineering,
Interdisciplinary Program of Marine—Bio, Electrical & Mechanical Engineering,

The Graduate School, Pukyong National University

Abstract

Many optical sensors have been proposed due to advantage of optical fiber such as small size, light
weight, independence of electromagnetic interference, and corrosion resistance. Optical sensors can
be used to measure variation of curvature, which is an important variable in the mechanical
manufacturing industry and large-scale construction industries. To do this, sensors are constructed
using various types of optical fibers. Accordingly, we constructed sensor system that can measure
bending and temperature simultaneously using a polarization-maintaining long period fiber grating
(PM-LPG) as a sensor head with a long-period fiber grating (LPG) inscribed on polarization
maintaining fiber (PMF). The PM-LPG is written using a CO, laser with ~10.6 pm, and has a
grating period of ~505 um and a total length of PM-LPG of ~14.65 mm. When bending is applied
to the fabricated PM-LPG, compressive stress is applied to the LPFG and the dip of the resonant
wavelength shifts. Likewise, when the changed temperature is applied to the PM-LPG, the dip of
the resonant wavelength shifts due to the thermal expansion of the optical fiber. In this system, the
input polarization is adjustable using the polarization controller included the sensor system, and it is
possible to simultaneously measure bending and temperature using the two dips of resonant
wavelengths that input polarizations are perpendicular to each other and that have the largest ER.
As a result, the bending sensitivity obtained at the two polarized light state is ~22.232 nm/m” and
~33.378 nm/m”, also, the temperature sensitivity is ~131.7 pm/C and ~39 pm/‘C. Furthermore, the
R? values obtained at the two polarized light state for bending and temperature are ~0.9916, ~0.981

and ~0.9929, ~0.998, respectively.
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HAEAA wist-AY A AE s AMAAE Abstel e 4.420-5500
m'e FE Wl 22227 nm/m 'Y FE WAEL 60.1-99.9 °CY
5 HHNA 847 pm/To &% UAEE HTH28l 2y, AR
AR A2 ggeo A 2AsE 15dB o] =& A9l £ (insertion
loss: ©|8HL)S AlA =8 Az A& W] (signal noise ratio)®ll
oS A £ 9tk 2017d, CAY vlolaE Hold:E FAFE
7t g g wiek-Aly MAE AMESEte] ZEY 2RE BA
=48t AM7E ASEHATH9. 15L& 0-0.132 m'o

~46.030 nm/m'?] ¥E WHE 250-500 TS =% H
pm/°Ce &% RAEE BT T2y, AlQtE CAE wiola = HeolHE=
FAfe 74 volaE mELA A wg vt FERE A 3 E
- FHekslol F& FE WIS YL HIoeE FI e &%
Az F /1Y vs BE FAF (multi-mode fiber; ©]3F MMFE) Alo]ef
779 FHF (seven-core fiber; ©]3}F SCF)E & 2#ste] wlsl-Alr
RAAE 48t MA7F AlkE ATHI0]. AlgkEl MMF-SCF-MMF %+
FEC g8l w2 UPgEE HAY He IE 5 HAE AT S
7bFsdt +E W9l 0.094-0567m ‘o190 m 41 464nm/m 'S Hold FE
NAEE B 2 54 He 2x W Es 27 200-55.0 T,
~59.02 pm/°Co.Z [29]°|1 AAlE Ardk 227k 10 C, 15.02 pm/°CRHEA
g v gy dFdoz Agd AMeE 383 2R FA 5H0]
B7hssklth d&ol, FE2 Wl uidt whgo Mgl FA gow,
~12dBS] ILE 7FA Adidez 2 gtel7] wEel AA ¥ 2159
SNR= AskAlZ 4 Sloh. T3 QulolH (in-fiber) vhst-AY M AE

ZIWto g2 St HE A= Al YA olE (sensing—indicator)i’ﬂ
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e & Afol 9 Aol FY] Wil E S We7E AlE

Wl B =FoHi uFEd CO.ElolA HEad & B3P Gx #
7] 3 AAHpolarization-maintaining long-period fiber grating; ©]3}
PM-LPFG)&t1 E#+= PMF (Polarization-maintaining fiber)ol A7 %
LPFGE AHE&ste], 255 Ao 54 2 + 9le 347 =8 AHE
Aersict, 9AF Ao o w s, PM-LPFGE 98 #H%
A 94 2w dushe Q9 APl gk = oY ®
~HERE Zheth o]gd PM-LPFG F 719 & o3 (7], A
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i
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il
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>

A
9 Ap)ellA, Zo] EX(core mode)= HEY %o ths] o E WA EE
zb= T )9 Aol Fdld EE(cladding mode)$t AEgHECE A=At

F719F & dol7k Z+zF 505 ymet ~1465 mm <! PM-LPFGE & w3t
T MY g e did 3 FgE Ay = ~147998 F Ay = ~1568.78
nmE Z+rth ©] PM-LPFGE =& RIZAEE 1408-229me FE
HojolA 2zt 222329 ~33.378 nm/m' (R°%k: ~0.99169F ~0.9810)°. %
=453tk PM-LPFGY 2% WUAEE 27 30-90 T &% WA

~131.7¢} ~39.0 pm/ °C (R*%k ~0.99299} ~0.9980)% Z=A ¥t F 749
Mz g8 32 gFe PM-LPEGY olgddt Adddel #3 9 2%
3t S PM-LPFGOl HE4H: #3 2 2% Wi F4A 534S
bt stk W ®leA SAE FE UgE W A¥PHLS T3

2

=31 o] PM-LPFG Z#Y(cladding)el ®]thH A o2 ZF(groove)s I}
AMAR F718 Q1 AR wjZolth, AAZ, & =l AZE PM-LPFGE
COMolAE  AFEal o] glo] AAX LPFGEY X H& &
NSRS HojeEth 53] & &=iolA AZE PM-LPFGE 1-3to|H
mhat-Ay 7 Ale] v AtiFH o R ILo] ~5dB H LR ol A4 9 SNR
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7t & 71 B4+ A& (LPFG)
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a2 2.1. LPFG7} MAHZ ZAM Kol chHEe}l Hio| Fnl AR

. #9334 3AH+F (PMF)

Folgk 2P FHE Aolel g3 §AkE "ol HuiAbE Y o7|n
Aste FAG F Ahbg oz dd BT BA G (single mode fiber; ©]3f
SMF) 7} o] ARg-#th SMFe| #Fo] A=Al =w ujF-o] HFo]
EarAaEA 91 Apolrh A wAste] Wgo] §A¥7] ok PMF&
ol SMFe| AL HAstr] s FAF FZoldl HIHoe] axw

]

FAANAZS olgd WHE FTolo] Eds dFo] ofd EHAFem
HASA 7] A SdY Yol AAE] = Q4 Fmde AEFHA
Z E(stress rod)E A|ZE] Zolo AEHAE 7oz ALES 4 Qlth
PMFe ©W ®Hok2 138 2

el el el Z Y (elliptical cladding)®, 2~E#A =9 Hoko| ujzh
At 2 ®Hg--Eol(bow-tie)®d, #ThHpanda)P o2 WH A ®ok ol

Fow Qs PMF e FAEo] A H9A AEdA 2rdw
AFL A R B WaE 59 T 5 Aok

(Bow-tie type) (Panda type) (elliptical cladding type)
a7 2.2, 2t 3FE PMFe| Gt



3. 258 &9 FTA S A ALE FHd/F AA

7}. PM-LPFGY A&

I% 31 COElAE ol &3l PMFel LPFGE A1717] Sl&l Aze
A AEe] Frxolth AJAEle] AREE COzElol A= Ho k¢l 30 W, 20
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F Utk o] W #HolAY EHL o 278 Woli F-o dA=E F
F&Ee W12 % 1529 J/mm*e] oAHAE 7H2ch J&dE Ho= o %
ol FA ZUY(fiber holder)el 1A= Sl PMF (bow-tie®)ell 505
um?e| F71E F 30708 AAE AMA ~1465 mme HolE T+
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2-D
scanning device
Beam expander

CO, laser

a7 3.1. MekEl PM-LPFG MIZt AlAE 24T

Fdlel F(broad band source; ©lsF BBS)ollA 2 "o G
A7) (polarization controller; °]st PO)E F34stHq =

dHAFer =L, PM-LPFGE Edst Hde 3 2¥9EY
w21 7](optical spectrum analyzer; ©]3F OSA)el 1% 32 (b)e =9
~HAEHS RojFEth AZE PM-LPFGY 8834S 248 AHEH

TR Fol b Z& uwel IRHE AFo] 90°utE Aol E w o
vge ZbzE 147998 nmet 156878 nmo|il ~31.05 dB, ~3421 dB9
Z~#H](extinction ratio)E Zre=rh whEbA JE G| ot T2
Z8HE AYERS ol &3 %A =8 Wste] FA 5Ho] 7hestH
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AHOIAE 100-400 yme] HYTF olF AAS W, HolA AAE 2
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HFS 90 A AAS W, #2 FE HYdM F} AFHEHI
FRAIGA Zo oS 2974 nmE AT LPFGY 23 #He

et A (DA FEste] wde] didt WA EE vty dow
A4k TH32-331.
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o 22 A (DS #8e digh B k2 AR S50H, Ang e
HE ZHEY At p) " Nenderrpy = HEFATE FES ARME
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