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Application of long period fiber grating to the sensor in the short-wavelength
region

Ohashi, Masaharu
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In this study, we investigated the fundamental properties of long period
fiber gratings (LPFGs) fabricated with heat shrinkable tubes, screws and fibers and their
applications. In particular, experiments were made on the temperature and pressure characteristics
of LPFG used in the short wavelength region, and the relationship between the resonant wavelength
and loss against the temperature and pressure was clarified. We also proposed a method for
monitoring the vibration utilizing the polarization dependent loss (PDL), which is the
characteristic of the present LPFG. We confirmed the feasibility of the our LPFG to vibration
monitoring experimentally. We clarified that our LPFG can be applied to gas pressure sensors, mode
converters. Moreover, we clarified basic characteristics of cascaded LPFG and application of
cascaded LPFG to vibration measurement with a high sensitivity.



(FBG)  LPFG

FBG  LPFG
LPFG
N (A - 100p m~1mm )
LPFG
3
LPFG
LPFG
LPFG
LPFG LPFG
LPFG
MLPFG mechanical
long period fiber grating
MLPFG
MLPFG
MLPFG MLPFG
MLPFG
MLPFG PDL
PDL
MLPFG
@
(¢)) MLPFG _ X
1 MLPFG
1@ 1(b)
MLPFG ®©
M T —————

1 MLPFG (@) (b)



MLPFG
MLPFG 2

Ap
A, =AMy, —ni)=AAng (D)

N MLPFG
N¢ nclrn
m
1
(2)MLPFG
Jones matrix MLPFG
MLPFG
3
MLPFG
3@ x- y-
)
MLPFG
3) MLPFG
gua— i L&

5 I
20 -0 0 10 20 30 40 50 60 70
Temperature [°C]

827.5 e PTIRY B o
LPD4 | H (b} H
[0, AR S SRS S S D SN OV W S
— o i L 2
£ 826.5 S 4 o]
L | lo © |
g 8 i i i i i i i i
§ <0 <100 0 10 20 30 40 50 60 70
g
£ gs2 T —
2 (LPOS
e : | 1 || L I
gaplosibes doahemeebows el g w80

%056 0 10 20 30 40 30 & 70
Temperature [°C]

LPFG
Q)

LPFG

[dB]

I.i
2 MLPFG

@

(2)

)

[

Transmitted [dB]

i

—x-pol.
Simulted x-pol.

¥ |—vy-pol.

Simulated y-pol.

o

liva

il 1.00kg/mm

1.25kg/mm

1.50kg/mm

1.75kg/mm

6l
1440 1460 1480 1500
Wavelength [nm]

. - . . '
1440 1460 1480 1500

Wavelength [nm]

3 MLPFG
MLPFG
600nm LPFG
LPFG
MLPFG
4 MLPFG1 MLPFG2
0.7mm  1.25mm
0.845 5
A =0365P+0.808
0.84 L

A, =0.0365P+0.826
0831 for MLPFG1

st

0.825

0.82 =

Resonance wavelength ).P [nm]

0.815

for MLPFG2

0 0.02 0.04

0.06 0.08 0.1

Pressure P [kg/period]



MLPFG

1.25 mm MLPFG
MLPFG 10
O
MLPFG
MLPFG
0.8 um 1.55 um
0.8 um LPFG
0.8 um
L 0.8 um
®)
MLPFG
Sensing Fiber
Polarizer @=100mm
Polar??m[on /;,D-L:\ ,]7011\3\]
(‘o%lcr N Q%J/ i
A=1613.50m LEF-GU.Tmm
L=350mm
scillator (o NF-040 tube
019;]1 |; CD SMF
6
6
SMF 3
PD
7
TMF  SMF  MMF
(6) MLPFG
2 MLPFG MLPFG
1.25 mm MLPFG
2
1.25 mm 0.7 mm  MLPFG
8
1.25 mm MLPFG 2
6.6
Q)
MLPFG
9
10 MLPFG
MLPFG

PD

5
(dA p P) 0.7 mm
MLPFG
1.55 pm LPFG
MLPFG
MLPFG 1.55 pm LPFG
-B0
T TF
-:‘% ) * SMF
&
E -100 MMF
H
-110
5 ? 9 11 13
Input Power[dBm]
7 200Hz
MMF - 2 T™MF
6
200Hz
200Hz
TMF  MMF  SMF
200Hz
MMF  TMF  SMF
850
— 845 ja)
H MLPFG 1-1 4
80 2, =73P+808 &
5 A=1.25 mm”
% 833 3 e
%830 MLPFG -2 oy Q
Sgs | A =t1psa TR
2::0 ;A':o,fyzrp(mi X%Jf_;_ XX
Q”
815
] 1 2 3 4 k) o
Pressure P [kg]
8
MLPFG
PDL
Optical fiber
Glues (for fiber protection)
Steel pipe (pressure vessel)
011 N
Gas (Ain) LPFG Gas Pressure,
Made by

; heat-shrinkable tube
Steel pipe
(Hose of air pump)
Heat-shrinkable tubes
for waterproof



(8)THF LPFG

[dB]

T™MF LPFG LPo LP1

Lmax

LPFG TMF

Resonance loss

TMF LPFG

500nm

2 25 3 35 4
3dB Pressure P Jatm]
TMF LPFG 10

2
(1) Y. Tsutsumi, T. Hase, M. Ohashi, Y. Miyoshi, H. Kubota,” Model for estimating the
properties of mechanically induced long-period fiber grating based on polarization and
applied pressure,” [1EICE Commun. Express, , Vol. 6, No. 9, pp. 554-559, 2017.
DOI: 10.1587/comex.2017XBL0O090
(2) Y. Tsutsumi, M. Ohashi, and Y. Miyoshi, “ Temperature sensing using an optical time
domain reflectometer and mechanical long-period fiber gratings fabricated from a
heat-shrinkable tube,” I1EICE Commun. Express , , Vol. 6, No. 2, pp. 103-108, 2017.
DOI: 10.1587/comex.2016XBL0189

17
@ ., , .- LPFG

) 23 , 2019.
) ,“ SMF 850 nm
MLPFG ) 30 ,
2018.
®) , LPFG )

30 , 2018.
0)) ¢ TMF LPFG LPO1,LP11
)7 30 , 2018.
(5) , “ LPFG
. 30 , 2018.

(6) M. Shioji, H. Kubota, M. Ohashi and Y. Miyoshi, “ A broadband mode converter from
LPO1 to LP11 modes based on a long-period fiber grating using a two-mode fiber,” Asia
Communications and Photonics Conference ACP2018, SulB.5, October 26-29, 2018.

(7) K. Kitahara, Y. Tsutsumi, T. Hase, M. Ohashi, H. Kubota, and Y. Miyoshi,
“ Transmittance modeling of long-period fiber gratings based on the photo-elastic
effect,” The 23™ Opto-Electronics and Communications Conference OECC2018, P2-06, July
2-6, 2018.

(8) Y. Shindo, Y. Tsutsumi, T. Hase, M. Ohashi, Y. Miyoshi, and H. Kubota, “ Vibration
monitoring based on the polarization dependent loss of long period fiber gratings, “ The
23" Opto-Electronics and Communications Conference OECC2018, P2-04, July 2-6, 2018.

[©) ) , ) ) K LPFG

, 23 , 2018.
(10) , , . , - LPFG

. 23 , 2018.
(1) ,“ SMF 850nm  MLPFG
. 2017.
12 , , s , . 800 nm
LPFG ," OFT , 2017.

(13) T. Hase, Y. Tsutsumi, M. Ohashi, H. Kubota, and Y. Miyoshi, “ Resonance
wavelength sensitivity due to pressure and temperature changes for mechanical ly-induced
long period fiber grating in the 850-nm wavelength range,” ACP2017, SulL.7, Nov. 10-13,
2017.



(14) Y. Tsutsumi, T. Hase, M. Ohashi, Y. Miyosh, and H. Kubota, “ Low-cost temperature
sensors using mechanical long period fiber grating in 850 nm-wavelength range,” OECC2017,
51593, Jul.31-Aug.4, 2017.
(15) , , ’ s . LPFG
,! , 2017.

(16) -

) 2016.
(17) Y. Tsutsumi, M. Ohashi, Y. Miyoshi, and H. Kubota,“ Optical gas pressure sensor with
long period fiber grating fabricated with heat-shrinkable tube,” ACP2016, AF3C.5,
Nov.2-5, 2016.



