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Study on Polarimetric Optical Fiber Vibration Sensor Composed of

Polarization-Maintaining Photonic Crystal Fiber

Young Suk Kim

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

The Graduate School, Pukyong National University

Abstract

In this thesis, a polarimetric optical fiber vibration sensor was' implemented by
incorporating a Sagnac birefringence interferometer composed of
polarization-maintaining photonic crystal fiber (PM-PCF). A 8-cm-long thread of
PM-PCF was used as the sensor head of the proposed sensor, and the sensor
response to various types of vibration was investigated. In order to investigate the
vibration response of the proposed sensor for single-frequency vibration, a vibration
with a fixed frequency. was applied to the sensor head by using a cylindrical
piezoelectric transducer. In the-case of the single-frequency vibration measurement,
the sensor response was investigated for a frequency range of 1-8000 Hz. The
proposed sensor allowed the detection of vibration, of which amplitude corresponded
to an effective static strain of ~6.75 pe(rms) over a single-frequency vibration range
of 1-5000 Hz. It was observed that the sensor response started to deteriorate from
5000 Hz in the single-frequency vibration measurement, and then the sensor
response to naturally damped vibration was also examined by utilizing a metal
cantilever beam and a few weights. It is found from the examination that the
sensor response is related with initially applied stress in the naturally damped

vibration measurement.
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2 A7t (Si0y) & T o] V€ A fFAA AHEE =

AE % (index guiding) W2l Hls] A A8 S =

2L

Collection @ pknu



filter) & 9 AFgH 1 vt 2¥ 218 PCFe PM-PCF2
GHEE HolFa Q)

AotV Gpol Magn -.11‘ wn fp—————————————y ram

E00KY 20 LD SE 9F TIFIMED

<PM-PCF>
a8 2.1. PCF2} PM-PCFe| CtH T

(“)Collection @ pknu



o AY BEEd A A

5 TS AR AMME] A Tt ol E A
Tl e vle]lE< (Michelson), H B 2]-# =2 (Fabry-Perot), 7}
sl-#At] (Mach-Zehnder), At ZHH Al 5ol lom, o] FoA
BT BEd WstE ol &3 S SA8oe Ay A
7b Wol AMgHA k. ¥ 22(a)= AP 1A
2 ygd agow W Eujrz] (beam splitter) ¢ & dx}o|
u®l Blol YAtsHA HH AA ekl A= 1 (path 1) 3 ®EA
A kel dE 2 (path 2) & Yo wrjE, Fujd W& 7

7)
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e 9 2A A\ AR ow Ay AME UE HY
= 7H S odle Az A A R A A ke R gkt
ZF Wekow 3 HsteE ¥WE A W R-olA PM-PCF, 1/2 3}
A3 (half-wave plate: ©]3F HWP), 1/4 3733 (quarter-wave
plate: ©]st QWP) & WuA =, 7+ 4 AEE9 AdE
o] M= T& 94 Ade AA dv. 19 259 19 262
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P = 2oy Hd el HWPe QWP W92t (azimuthal

angle) o we} Aust= F o HY AL A AAH,
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circularly polarized light

(a)

Linearly polarized light

Clockwise
Quarter-wave plate circularly polarized light

(b)

Linearly polarized light
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= roe

Sensor
==

PD1 DAQ

Function Function Oscilloscope
Generator Generator

(a) b

Fiber under test (FUT)
R -
(© ——
circulator |'| B
ASE r‘j\ 1 gl [T T [
s QL
Polarizer IS-‘mhr!I'I ISM\-II Imms[
K m ----- Oscilloscope
—— Optical ﬂ
"""" = Electrical opmrmer
a8 3.3 7|&0 A7E S nzEol (a) sLdstHLH (b) cHE
£ 72 FBG ¥ (c) o8] 7He] FBG & ALEEH 7| &2

BNR IS MM A2HES BAE

= WeE 7z

27} 0.5~100 Hz, 20~180 °C o] lth. Alts AlA
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© 2kd g Bl He A, 54 Jhed Fug g H

o] 100 Hz= A=At [11]. sd& sfol 719 33(c)et 2ol

Mz TE a3 34 7 o8 e FBGE AE A2

o AHAAM Aess AT F& A= Ud5H (multi-point) F

& AATE ARbEAT Y FdolA 899 9 F 3]
el

(optical circulator) & &3l

® s
ot

7l
G232 oAl Ha, FBGEAN A HkALE H2 ThA] H 37|
<3712 Ax F #=7] (photodetector) & = #HZ=Ht}
otdl AA = ofe] A Ao A 800 Hz7tA ¢ &L =A38

AARY, 2 A 72 AAIEHA X [12] 20143 ol =

2

fass

a9 34 22 FEE 3ol AFol 62 ymsl HTE=
379 (multi-mode fiber: ©]3F MMFE) = o]&3&to] A=
AAg e A7 AREJACE At AAM= MMF $dS
SMFE$} &2F fg&ske] o= o3 b dds o] &3 A
AME AR QQ7bEE R TS A =2 og WALy

f

= B4g ol gahsith ATE MHE ~4

g

41 mV/Hzel ®17+
Hzel Fa4 gi9%S 4T + AU [13]. 54
H 34t #Zo] AAF-E Hojo] AFo] 105 um<l

AAl SMFe} &2 HEAA

AMEE A2 g AA Aol AlbE ek Agkd AlA
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with gain
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PDLC) 7]®F SBIE o]-&3% 3 1HHd3F & AA Al =" B

AEE BoFErh SBIE AP & E2ulr] (polarization beam

T3 EA4& 7Hdoh PDLCY E3E HWPS QWPE =% 3
A& Ao g AAE 24987 A& A

gk Adel A8d PM-PCE®| aole} Sed2 dejstz o
olz low, Fo] FWH T FVFHH AL FUFE A

52 7F 45, 22 umolth. PM-PCFe] 4#2 34F €3 A%

_

7] (fiber fusion splicer) & ©¢|-&3te] SMF ¢ HEAH AL, +
HEAA  (splicing point) oA &AES Z3s HE &4

(splicing loss) & & ~7 dBE =AU} H& £20] Al
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SMF #tole] = H= A7 (mode field diameter) ¢ 743}
7} 7)€ (numerical aperture) ¢ =Fo], 18]al HE A ol A
e PM-PCFe &7 &¥o 9% &4 WEos Al
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2 cm® YB3 PZTOl olZA] $3 (epoxy resin) & ©o]-&3}¢]
Zro} F-zslo] pZToA wAHE ZFo] PM-PCFo| 273 #

—

w4 sttt PZT Alo]”] (PZT controller) 9F 3h= w17
(function generator) & ©°]&3lo] wd Fu¢ AT

(single-frequency sinusoidal wave) 7} ZAEH =% PZTE A9

s %ol tak AAe teFd 23 N5 wske i ¢
TS HoEu. 1~8000 Hz ¥l &d Fa5 JUsd g
& 1Hz A 10 Hz ¢ 1000 H

2 z E

=§’ o] g o] gu

F 3 g

g -4 gAf 8 4
2 4 0.0 02 0.4 0.8 0.00 001 002 003
Time [s] Time [s] Time [s]

A 2000 Hz 4 3000 Hz 2 4000 Hz

L = T

4 4 4
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s
“1 5000 Hz & 8000 Hz E -,
Y
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Output voltage [V]
(=}

Output voltage [V]
=

o

a
b X &5 —u
- @ > e
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8 g = ~
] S = .
> > @
°
>
o L] o | 3
0.000 0.001 0.002 0.003 0.0000 0.0003 0.0006 0.0009 g 0 2000 4000 6000 8000
Time [s] Time [s] Frequency [Hz]

O7 42 HMetE s Aol Foiel &3 M3
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Aol Hbs-& Felsti o, A4 =354 (cutoff frequency)
7F 5000 HzZ ZA4=ATh 5000 Hz o] F35oA= H=4
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Oscilloscope PD

S MM AAH S I

b A= ~Ed 2~ (external stress) 7| H s, 9
T F7E AVE = oF ZEHZET gls B F, AY &

Fol w& &8 Ao fastE AS FAT = Atk A4
9 Aozt 27 AFAY 20%7F Hed Ade 38 Azt
ATt 3 &

25 9lnue FHd Be dFe we 3

N,
oxt

o
Vel
5
rlo
o
jisk
o2
il

(recovery time) & ~3 s =
T8t =429
o= AsHoh

&
theorem) & E3] 93}sts 3o 93l

I=mgAh (2)
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278 g 556 g 834 g
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0.2} 0.2 O.Z-h
R . amat vh-——_—
0.0} 0.0 0.0t
 04f ) = 0.4l
g 0cm| g it Wom] s ™ 10 em
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3 oo} 3 00 S 00}
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oo-l 00 . . 0.0} : .
0 5 10 15 0 5 10 15 0 5 10 1
Time [s] Time [g] Time [s]

% 44 2 =78 ASo e MMl S

71N I9 g A7t S|@He| A= o) sEY s 3
g3t FEEEolE. A (QeARY AT = Fe] A

m3 e zo] hol wlEaE AL B & ik 19 45()

o} 45(b)= FH AEE FAH WE FH N5 A
T2 Wghel 7| FugE HoFrh QR QUtEE 54
ol A77F TUkekY, &9 HFAE S AT 71 Fug
T AEE As 39 5 Ao 7 Fo HF (278, 556,

834 g) o W&l +A4F Wg=e Ve Faaes 47 162
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o] (red shift)

AR
XN

7 FAEe He

WA A

©
)

At 19 4.6(a)

£}

o] 747¢ PM-PCE®] Zole} B2 ol

21 (D)l A

5

1=

A

257} 20914 90 °CE2 F7tge uw, 3

g At

=
=

m=

n

3}
ol

1 4.6(b)ol A

T A&

=] o

= 454 nm

g

=
=

~64.86 pm/°C=

e

I

1

-

7_}7

Lo o wAE Q&= 5000 Hzoll Al ~2815%= AlLkE A

=

_24_

Collection @ pknu



Temperature] *C)
—0—20
—a—30
—— 40
i —=— 50
& —o— B0
—3—T0
—— 80
—»—150

Vo
o
h

o
=]

Transmission [dB]
S

1540 1560 1580 1600
Wavelength [nm]

Temperature (°C)
——20
—— 30
——40
——350
—o—60
——T0
 —1—80
——90

~—

X

~—
R
o

Transmission [dB]

1558 1560 1562 1564 1566
Wavelength [nm]
a2 46 MotE ANE MA AAHel 2o tfEt (a)

2oy A (b) Y Fu AWEF BE

Collection @ pknu



D.

bl 74

°o]-§3

PBS, PM-PCF, HWP, QWP+

=il A=

=

—~
file)

1 o0 =
°H ?‘Xc‘)]

3)

il

o
2

iz

o
o}
)
N
N

B

k!

—
file)

Ho

ol
M
N

+
w
+

JJo

ted 1~5000

g o) g3

AA

s

o
=

a1, 5000 Hz ©]

A

o]
2R

PN
T

ol
=

g

A

AP
ojp

i
3
N

—

0

e

o}
oF
TH

A}
A

St 7] Al

AE AT B3 5000 Hzo

3 71

=
=

~6.75 pe (rms) =

=
=

Aol A A el

~2.013 ne/HZ"%

i

o
o
o

0

il

Atk ol Al AlAH-= AREH PM-PCFo

o
X

Nr

i
file)

Njo

0
o

N
N

B
—_
fiie)

o
o
o
I
o
N
JJ

3
N

}o]

S

AolH 23

=2
=

20~90 °C¥]

_26_

Collection @ pknu



Collection @ pknu

_27_



[1] Hao Sun, Manli Hu, Qiangzhou Rong, Yanying Du, Hangzhou
Yang, Xueguang Qiao, “High sensitivity optical fiber
temperature sensor based on the temperature cross-sensitivity
feature of Rl-sensitive device,” Opt. Communications, vol. 323,
pp. 28-31, 2014.

[2] B. Dong, J. Hao, C. Liaw, B. Lin, S. C. Tjin, “Simultaneous
strain and temperature measurement using a compact photonic
crystal fiber inter-modal interferometer and a fiber Bragg
grating,” Appl. Opt., vol. 49, pp. 6232-6235, 2010.

[3] F. Xu, D. Ren, X. Shi, C. Li, W. Lu, L. Lu, L. Lu, B. Yu,
“High-sensitivity Fabry-Perot interferometric pressure sensor
based on a nanothick silver ' diaphragm,” Opt.  Lett., vol. 37,
pp. 133-135, 2012.

[4] B. Renganathan, D. Sastikumar, S. Gokul Raj, A. R. Ganesan,
“Fiber optic gas sensors with vanadium oxide and tungsten
oxide nanoparticle coated claddings,” Opt. Communications,
vol. 315, pp. 74-78, 2014.

[5] J. R. Guzman-Sepulveda, V. 1. Ruiz-Perez, M. Torres-Cisneros,

_28_

Collection @ pknu



J. J. Sanchez-Mondragon, D. A. May-Arrioja, “Fiber optic
sensor for high-sensitivity salinity measurement,” IEEE Photon.
Technol. Lett., vol. 25, pp. 2323-2326, 2013.

[6] A. Gonzalez-Segura, J. L. Cruz, M. V. Andres, P. Barrios, A.
Rodriguez, “Fast response vibration sensor based on Bragg
gratings written in tapered core fibers,” Meas. Sci. Technol.,
vol. 18, pp. 3139-3143, 2007.

[71 H. V. Thakur, S. M. Nalawade, Y.Saxena, K.T.V. Grattan,
“All-fiber embedded PM-PCF vibration sensor for Structural
Health Monitoring of composite,” Sens. Actuators A : Phys.,
vol. 167, pp. 204-212, 2011.

[8] W. Zhou, X. Dong, C. Shen, C. L. Zhao, C. C. Chan, P.
Shum, “Temperature-independent vibration sensor with a fiber
Bragg grating,” Microwave and Opt. Technol. Lett., vol. 52,
pp. 2282-2285, 2010.

[9] G. Rajan, M. Ramakrishnan, Y. Semenova, A. Domanski, A.
Boczkowska, T. Wolinski, G. Farrell, “Analysis of vibration
measurements in a composite material using an embedded
PM-PCF polarimetric sensor and an FBG Sensor,” IEEE Sens.
J., vol. 12, pp. 1365-1371, 2012.

_29_

Collection @ pknu



[10] A. Wade, S. Tanaka, N. Takahashi, “Optical fiber vibration
sensor using FBG fabry-perot interferometer with wavelength
scanning and fourier analysis,” IEEE Sens. J., vol. 12, pp.
225-229, 2012.

[11] Q. Zhang, T. Zhu, J. Zhang, K. S. Chiang, “Micro-fiber-based
FBG sensor for simultaneous measurement of vibration and
temperature,” IEEE Photon. Technol. Lett., vol. 25, pp.
1751-1753, 2013.

[12] N. Linze, P. Tihon, O. Verlinden, P. Megret, M. Wauilpart,
“Development of a multi-point polarization-based' vibration
sensor,” Opt. Express, vol. 21, pp. 5606-5624, 2013.

[13] Y. Zhao, X. Li, F. Meng, Z. Zhao, “A vibration-sensing
system based on SMS fiber structure,” Sens. Actuators A :
Phys., vol.-214, pp. 163-167, 2014.

[14] Q. Wu, M. Yang, J. Yuan, H. P. Chan, Y. Ma, Y.
Semenova, P. Wang, C. Yu, G. Farrell, “The use of a bend
singlemode-multimode-singlemode (SMS) fibre structure for

vibration sensing,” Opt. Technol., vol. 63, pp.29-33, 2014.

_30_

Collection @ pknu



	1. 서론
	2. 광섬유 진동 센서 구성 요소 관련 이론
	가. 편광유지 광자결정 광섬유
	나. 사냑 복굴절 간섭계
	다. 센서 구성요소에 의한 위상 지연

	3. 기존 광섬유 진동 센서 연구
	4. 제안된 광섬유 진동 센서를 이용한 다양한 진동 측정
	가. 압전 소자를 이용한 단일 주파수 진동 측정
	나. 철제 외팔보를 이용한 자연 감쇠 진동 측정
	다. 제안된 진동 센서 시스템의 온도에 대한 반응 측정

	5. 결론
	참고문헌


