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Studies of Hetero-core spliced optical fiber sensor
for structural damage and environment monitoring systems
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A multi-purpose environmental monitoring system has been developed on a commercial base standard using hetero-core
spliced fiber optic sensor technology, aiming at preserving natural environment and large scaled structures. A developed
displacement sensor module is designed to be sensitive to a relatively large displacement in the range 0~5 mm, for which a
simple displacement-macrobending conversion mechanism in the module produces as the change in the sensor transmission loss
ranging from 0 to a few dB. The sensor module showed the sufficient reproducibility for its sensing operation with the accuracy
less then 0.1 % to the full span displacement of 5 mm. Discussions are also given on OTDR-based tandem-connection use and
on required conditions associated with the averaging time, pulse width, and cursors settings from the practical point of view. The
monitoring system has been tested and evaluated in an actual environmental condition on the premise of the full scaled usage.
The measurement error typically obtained as +/- 10 um has been found to be influenced by the temperature change at the optical
connectors. The use of splicing instead of connectors reduced the error down to +/- 2 um. The experiment of pseudo-cracking
was successfully made with showing given correct crack situations based on geometrical calculation by using the measurement
results of displacement sensor modules. Additionally, the whole system provides us with various options of sensor modules
intended for monitoring physical values such as displacement, distortion, pressure, binary states, and liquid existence. The

attractive features of various monitoring with a single system are described from the viewpoint of practical use.
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1. i

UMY 7 E ORREIE I X D BRSO, E0X
KIFFEZ2 IR ORI 72 L1 & 2 B AN EORIJEZ Vi
FHICHRI LA T 20 VWO BREE=4 Y 7%, bhb
NOAEFREOEERBELE L TR I3 TH5S. Lt,
ERAE YO HIRIREICEZBISG AL/ S OB =4
Vo7 TWb D0, FEETITETFEICOIHEH
MEnd L ERBREICLDFMOBINE DT DITEm
RRAIZ SN TRV, W FETHRLS KT 74 S TERIC
O ERGSENE, WS AR, BEHOEELHEN
INEL, IREFICLD2HEKOLE DLW EORIERH 5.
FINT 7 A NREBERE EE L OEiET S, =R
MO R SAEHAATRETH Y, P ~DEIRDSLE
WD — T VOB E B ~OBERL B A bhD. =
DEIVBRRE=F Y T DL L@l ® v
THICIE, BRE LY OREERELSLETEIDLIHENLN
T AN Y ~DBEBESHRINEEN TGS DD,

W7 7 AP L LT, BOTDR(Brillouin Optical Time
Domain Reflectometer)?<> FBG(Fiber Bragg Grating), ~ A 2 &
AU RO SRR L9, T USRI S Y DY
REPRENTND. WTNOF LT 7 A4 2P E
IROFEBREE T COEHEM:, @, 27 88 LTok
A A B X URAHMRER E OBLE»hORET =4 U
T DT DORREN & U285 L 720 2720 T 5.

Z OV TZH, KigSUCIIAMAECTHEALI~Tra T
RIS 7 A 2 o PR O~T 1 27 EiE AR DR~
OIRAENE, KR, BEM, v 27U RGN, &2 T7 LR
BRI T OO 217\ 12, BICEHEREEFRE 1>
AT ATE=ZY 7Ty NU—I R~ VFRIEE=
2V TUAT AOEMET VAR L, ERE T COMEM
% AR IR A HIMERE & A L 72

AFCNL, 5 BOOERINTWS. B 1 EIF#HTHY,
F2EELFAFIARTHY, FiBETHRTHDL. F1E
T, MIEOEBEROMERDLT 7 A /3 P DN Tl T
W5, F2EINTeaT AT 7 A 2 OFEE L BUR
LIZOWTGRRTWD., FIETIE, Biidz~Tra7io
Hi P ~ZE S A LR 8 7 287 Bh SR A ket 2 3 HAEHE

Bt oY 2 —VERIEL, ~T 0 a3 7R AR ORRE
BtE A~ 2, Bz YL L CORE, FHME, 27
VADOFHME R A, EHIEEE L BEMEA R L, b
BIR X BN BOBRRE =4 ) U 72+ 7ok CRl©
BBV THDHI EERLZ. £z, OTDR FHAIORHKT
B DY T DGR TSR DRI OV T LM LT
W5, BAFETIE, ERNR~ATFRET =X VIV AT
LAEFEEL, —ARERASETICB W TRE, T4,
filikg, FHAERRZ: K OFMME2 B 220, BRET=2 U 71
F7FHlv AT A THDZ EEIR L. e, A TFBRE
E=H Y T VART ADOEDOEL Y ET 2 —, [ETE
VYRV a—, fEBEE Y EY 2 — L ORE L Tl A
BIol, BIFTEIIERTHY, KFFTLOMANL~T 7
a7 T AN Y Eliov VT RET =X T
AT KE, BEHI A MORETIMREOBL AN GRIEE =4
U TV AT LOEITE LT DED—DOTH D Z &M
mENT.

2. AFAATERI 7L E0Y

Figl i~Ta a7 7 74 e oV OfEEERT. ~7
o a7 BT 7 AN E, BERGET HEEHE, FO
BRI be~T e a TN bR L L OT, KBk
BTHHHT 7 A SREOEEOMBEIL, BEEOaTRE
BIpolzaTRONET 7 A 3%8 mm 225 cm BEIZ L -
THALLELDOTHD. ZO~TRaTECHMeE L TE L
KD—ENT T R~ —7 T H7DERRNPELLN, Z0
HERRII~T v a7 EHO~ 7 a2 iz L - T E LT

. adiding — Core .
(===

Fig.1 A structure of hetero-core sensor
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Fig.2 A structure of displacement sensor module
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Fig.3 Variations of insertion loss as a function of displacement
for 1.1, 1.3, 1,5, 1.7 mm of hetero-core length
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Table.1 o, and %FS in each insertion length

AR (mm) RER (o) | BIERZE(%FS)
11 0.0031 0.17
13 0.0027 0.10
15 0.0028 0.08
1.7 0.0026 0.06




12
Averaging times : 2"%times f
10 [pulse width : 100ns
100m \/
8 |-
172}
L6 200m
=
4
2 T00% T 0.2% 04%
0

0 2 4 6 8 10 12 14
Attenuation level [dBI

Fig.4 Variation of measurement accuracy as a function of
interval of a measuring point
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(b) Schematic drawing of monitoring system

Fig.5 General view of the developed multi environmental monitoring system
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2-plate experiment
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