lws]
=}
S
£.
=
=
e
u
c\)%
2
”
o
s
oo
b
HT
i
ot
o
Jo
2
o
i
>
%
ot
o,
rlr
k1
r
A
ol
N,
it

Yoshihiro Kumagai’’ Shinichiro Tezuka' Satoshi Matsuura’’

Azt 78] FHFE §880] =oH1,000T o) 1L HAZEA FEuky Q&)
DTS(distributed temperature sensor — 24F 2 HA) 2 AF§-E= Raman {FgF 2 o] 2% o4
< -83%F ROTDR (Raman optical time domain reflectometry — Raman g8} AJ7F Q] BEAL &
3) 7]& o] o]u] H-gstE o] §l&Lct 2L} Raman £Fe ZHe H]-& %3S 7]H9Ho 2 3F ROTDR
2 Z2oA B 24 58] BAZ 9loje] 717 00T o] LEF FefaA 2eke Aol
o] gt} Brillouin AF2HS o]-§ol= T2 799 DTS YAFF Brillouin g AFo] 9] ot
= 2Jo] & 7]Hro 2 22 AYsu Zid]o ¥ mizkspB 2 3007 o]4o] 28 S et 3t
QJue}. & =Bl Brillouin AFkE o83 B R MA] 12 2 F]ge] thsto] 4
12, o] 7]&9] 483} 7S dYol] Ll kgEs 2 oLt gt

Optical fiber sensor‘

A7t 4t "
ol A AL S oA 9] 2k SAof tigt £-a7F F7lskal 9l
FUE Ffe 2o Aol ZhEotH, 2k REE ST 4
Q7] wizol] Bt 112 AR AESh Aol tigh Tile] F7Fst
I PEUth I8 12 FAF AAE St 24t 25 MM E AHS
32 BUHPY AYUct. o] AL diFEEIEAY] d AlHE)
FHlof| P4 AAE Hjx|ste] 228 BYEHFL) o2e &
P9 2k BRUHP2 W HE9 92 FAY 74 AEE 55
At 3k 25k A5 F459] 2 52 (tunner leaks)S A&5H=
T A T EFAS ATE 5 sUth

*1 Sensing Research & Development Department, Innovation Center, Marketing
Headquarters reflectometry — Raman 338} A|7F o9l BEAL 222 Raman
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BOCDA Brillouin optical correlation domain analysis — Brillouin 3
B4R =9l )

£-2]+= BOCDA(Brillouin optical correlation domain analysis —
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BOCDA 374 99
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IO Fa} WithE0] ThE & Eof|A] Wit El= T2 H O] 37 Afo]
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Utk T2 8 39| Fupps P Fo] FupeRet oF 11GHz
| A=, Brillouin 4Ft AHERL g d 9 @i 339
Fapg Zfolof Atghgo] =g F4sto] & 4 QlEUTh BES=
Brillouin 4Fgt A E o] Mo glE wj o] a4 o] E ofm|et
Ytk BES= 34 froll 7heli A= 2ot Aol whet fdtslr| wizol
=745 BFSOA 28 13 h& 5 4 AFUTH BESS 2+
HhH o 2 Ay PAR 7HFEo] ot T A7 ol 4E 500C
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7191% Ao = ke yTh
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$47} BFSY] Lk o24E B7l6}]
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T19 394 BES 2 B7t AlAERE SR1E 4 iyt AF
AoAe A7 2E ARESHo] 112 85 5L, Ge(A=2rHs)
< 5o A 58 Ag7t A2 BE ato]H(SMF-28e+; Corning
Inc)E UV A3t X2 - § FUT(fiber under test — HIAES
A=) E ARESIEUT 289 93k Eo17] Sl e A&s
71 2 FUTE 600C 2] 2ol 1A%t 5t & A A $35] e9] AHg
SteEUTh FUTS ZAol= oF 21me] 1L H7]2 WollA of 2 | A&
QI E FUTS =2 H 3 Eo2HE 78-125m FE2 145}
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Back side

Electric furnace

——
o (O~
Type-K thermocouple

Internal dimensions (W x D X H)
200 % 250 x 155 [mm]

Several windings.

) Pump light
Test fiber L= _ | e
N ) (=g BOCDA
Front side Probe light |Measurement
r system
Probe-light side Electric furnace interior Pump-light side
Em! L—I k
SS 78m 125 m SS
Approx. 21 m

< 1

T3 B A A
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1 5= 17 49] A4 L 7o 2 A BES 2 oA

& HolFUrh BFS 2 o2/l A s|aH2|A 27 vebd om, &
At 25 oM 2L J5t stet Atolofl Zol7t glrt= AH
S VRS S AHYTh A4 33914 AT th2 o= BFS7H 34
froll 7haliAl= Aol mzsiAl w-g-5kw, mhaba 8007 oA ot 9L
= 4R 59 getel e Ui S Hsks Ak e
AUt =5 of W 7Hd 9 A o, £ A 9 1 o) %0)
25 /4% 9 olet T BESE 19 59] 2 #4: 5ere] BESe A9
FLHACT (= MHz o), ©l24 $43 RS 21T 5 9
.

A WA 25 g5 T BFSH I Afolo] eAl= AP A4 of
SIARE, Thg3t o] At 2= Sl

=510 T*+1300%10° 7+10.840 0]

olmi, f= BFS(GHz)°l 1L, T= 2&=(C)JYth. BFSE Tl Hist
of 27 9EGS 7HAAL, o] 49| o= BFSE 22 Hghole=
ol ARg-shE B SAYY

9 82 B7F A gt 7k Yyt E3E o 71 7I3E et
BFS 2% Bristr| §15t AdS Al&atglon, ol tigt A=
ZHZE R o Pyt

11.6 T
BFS 510T2+1300 % 10°T+10.840GHz

1.5 R2=0.999 .,-
27 e

114 Cycle 1 g ‘," b

~11.3 L *
Cycle 2+ @ ‘ ® Temperature increase
9.11.2 yee 8 | ®Temperature decrease
05 11.1 # e
—'.
11.0 R
: # Cycle 1
10.9
10.8
0 200 400 600 800 1000

Temperature within erectric furnace[°C]

w7} A% 2of

BFSE 20 thate] 24 Sl & 74213 9L, v ghg o]
QU B4 THE Agstel BESE SER WA 5 gtk A
A2 AT 5 AYFUT FHR B 32 o2 QIstol Y
& 25 SOIAE BESe] Aol7h HAF 4 A, ot gl A
1] 9k} Fol= BESO] @A) st

o2 sok & 3
o] 7122 obd] AT AT BA] QAT FAKE L AR
At o el 2 24 15 907 ARedg . 4
A= 881 AR o 24 UL BV 1 el

oIt Tl TE S 4 ol KA TIe



zal
N

o

—

o
o K
> 1o rfo

=

Jo

o mx mx rfo
it

R SR
e | A A |
klomg
Mo kI & ofn
ol o of
i o

ol

o2 QAo k125 ym AL
Al w4 glsyrh o]t of
A5 ZFFYTE 22 54
=] 7] wfEol] 1 FF A

o
ofo
>

83 BR U 2o A4S 8

e

EI1IEE YL RES

HyE2:
| 85C

Eeotn|= 47| 2t 300
#ef 400C o Ag &4
e 500°C Fe A &4
- ] e
Z )
| 700°C STAn

$2t Brilouin AR o1& BAF MA
S& ANSIAT, 1 AME 7R S 9551 919l 712

sfof AmstelgIck olefT 714 S BHRE T2 A
_1

Rl
ro

[
o,
)

H—‘
A
=,

)
Jo 2%

ik

B
o o
2

S~

kil
Jo

ol

fo
dt
°
ko)
o
ACH
rr
o]
=
5}
E.
=]
o
e
p
o T
ol
o
M
i

N
—_
alt
r
L
)

Al
oN,
o
N
Ra)

o uE R =
%0, Jl;rl r
I oL
[> e
£3
g
o
ﬁ“ e
o
> 8
gg B
o 2
» M
E o
o ©
[l ﬁ
5
ox 2

o o o my rr rfr &2

0

LU
ox X
olt
o,
N
o
:?L_"
HH
s
)
i
wx M
2
il
2
oo
ol
ol
N
do
el
>

oy %
N
U T TR

m,
jinss
i)
=

REFERENCES

(1) J. P. Dakin, D. J. Pratt, et al., “Distributed Optical Fibre Raman
Temperature Sensor Using a Semiconductor Light Source and
Detector,” Electron. Lett., Vol. 21, No. 13, 1985, pp. 569-570

(2) I Laarossi, M. A. Quintela, et al., “Comparative Experimental Study
of a High-Temperature Raman-Based Distributed Optical Fiber Sensor
with Different Special Fibers,” Sensors, Vol. 19, No. 3, 2019, pp. 574
-587

(3) P. Xu, Y. Dong, et al., “1200°C High-temperature Distributed Optical
Fiber Sensing Using Brillouin Optical Time Domain Analysis,” Appl.
Opt., Vol. 55, No. 21, 2016, pp. 5471-5478

(4) Y. Bao, G. Chen, “High-temperature Measurement with Brillouin
Optical Time Domain Analysis of an Annealed Fused-silica single-
mode Fiber,” Opt. Lett., Vol. 41, No. 14, 2016, pp. 3177-3180

(5) K. Hotate, T. Hasegawa, “Measurement of Brillouin Gain Spectrum
Distribution Along an Optical Fiber Using a Correlation-based
Technique: Proposal, Experiment and Simulation,” IEICE Trans.
Electron., E83-C, 2000, pp. 405-412

(6) Y. Kumagai, S. Matsuura, et al., “Enhancement of BOCDA System for
Aircraft Health Monitoring,” in Proc. IEEE SICE Annu. Conf., 20 08 ,
pp.2184-2187

(7) Y. Li, F. Zhang, et al., “Wide-range Temperature Dependence of
Brillouin Shift in a Dispersion-shifted Fiber and Its Annealing Effect,” J.
Lightwave Technol., Vol. 21, No. 7, 2003, pp. 1663-1667

(8) K. Saito, “What is ‘virtual temperature’?,” NEW GLASS, Vol. 27, No.
104, 2012, pp. 49-52 (in Japanese)

* All company names, organization names, product names, service names
and logos that appear in this paper are either trademarks or registered
trademarks of Yokogawa Electric Corporation or their respective holders.

Yokogawa Technical Report Korea Edition Vol.65 No.2 (2022) 17





