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(A Hybrid Fiber—Optic Sensor System for Multi—Stress Condition Monitoring
of Wind Turbines)
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Abstract

A hybrid fiber-optic sensor system which combines fiber Bragg grating sensors and a Michelson

interferometer has been constructed and evaluated for condition monitoring of large scale wind

turbines. In order to measure multiple stresses applied to wind turbines such as strain, temperature

and vibration, the system uses single broadband light source. It addresses both types of sensors, which

simplifies the optical setup and enhances the cost—effectiveness of condition monitoring system. An
athermal-packaged FBG is used to supply quasi—coherent light, of which coherence length is about
3.28mm, for the Michelson interferometer demodulation. Experimental results demonstrated that the

proposed fiber-optic sensor system was capable of measuring strain and temperature with

measurement accuracy of lpm. Also 500~2000Hz vibration signals were successfully analyzed by

applying FFT signal processing to interference signals.
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Fig. 1. Basic configuration of a fiber-optic
Michelson interferometer
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Table 1. Specification of the FBG sensors

o Temp.
C-W FWHM | Reflectivity .
sensitivity
nm nm % .
pm/ C
Temp. FBG 1539.94 0.25 >T0 ~10
FBG1 15448 0.22 >90
FBG2 15498 0.21 >90 .
FBG3 15549 0.20 >90 .
FBG4 15519 0.21 >90 .
FBGS 15579 0.20 >90 .
FBG6 15479 0.21 >90
Athermal FBG|  1565.0 0.22 >80 <15

zv - A7)Adnes] =] A29¢ Al8%, 2015 8¢

o
=
IS
o
ol
R
of
g
fon

g2 o] We 2x2 3-dB A Wk AdvE
&3to] FBG AlA -} A g olg ol YAtgttt FBG
A Bl QAL e FBGel o) whalE a, wkAle
FBGE] B 332 vhA] 2375 A 233710
A gpgo] Bk B337]= 1525~1565nme] 3
HRE B2 4 9low, 5kHz A&, 1pme] 37
ol es 2T

AgdlolEfo] YAl Hle njd FBGOl ]3] Hef
1 Ipgo] WRAbE AL, TR AEEYOlHE A 2x2

35 B GWIA PRI BOR AW 3

]I

sle) A A 3o AAE
Z=(NI PXT-6284)°1 <]zl
= Labview Z= 1815 %‘H FFT A&7 & 29

Zeubdy] Byolme ~EY]IT 252 =A5}
7] flste] ATl Azt me] FE ] &
W] 2gtet sHtell ~E Q] FBGAIA S F-2slsict
[4]. 1% 40l FBG AX7} X9 91X 8 BAIEH A,
3 1ol ALE HEhIT

17 5 19 49] Bo] FEu) Belol= €&
ot A o] Ak FEs WAL, o]F FH
& Zlo|th Bello]=e] Adel slto] R2tEl FBG Al

Aol B ggskE B 4 lok B g
= ki AE 52 24715 olgste] S4sls
ok ok 012 1k Sello]=e] & ghotdzlon, o
m o] = sHellA s AEERIE ' 59 (b)
ol A gld & otk 069nme] FgHsts FBGA]
A IR glom, 1” F T69uc°ll S 3H= gl
FoltH14l. o]F- At gl elsf 7} FBG AlAfe] 7t
A= 2EwQlS %@ l —3'%%8}1 98-S Bl
th. &% FBGAIM 9 4

ojm, o= °fF 0.1Tel OH‘:LG} WaleFolu}, o]glsh

AdAIR= Selol=el 34, vk Bl =3ty

il

ol
2N
&

.

2
%’
?g
i)
o flo
FEE
AQL
mim
o % T o



ol
o

s
o
[
o
o
o
[%
s
>,
[>
i)
tlo
o,
ofo
L
ol
IR
e
[
N
o,

g A o B8 AT EHIA 9] ~EH)Q] siE ) v
AT ;ﬂ‘%ﬁ}%fﬂ 483 7 Ad5S HojFErh

H|d FBGE o83 34l mholALS IHA AlA
d APES S8 tholue] s
(electro-dynamic shaker, Labworks Inc.) & AH-3}3
o} tolube] Zls7lel ofs) A E = salsEs TF
/\474] /\1]}\1,] 7l;<] JJ—O“ 017} } 1;]. 7]_14 7:”_/] Kol =
stol] oJgt JaS HAaselr| flete] AP =
£ 0T A8t A3E 283k

lo
N,
f
l
2L
2
ofo
i

' Lower par:
; Temp FBG sensor
3 ' ‘ unit: mm
1050 900 670 420 300 0
Tip Root
Temp. FBG: —=—
0.8 Strain FBG: —o— 1 —v+—2——3
0.4 A
0.0 ML S - _AQ_A_A
(a)
04 T T T T T T T T

Wavelength shift (nm)

Time (sec)

Stl‘al n FBG 4 5 6 | Installed FBG sensors

1.4+
. 0381
2
] 037]
104 036/
>
oy 0351
'5 0.8
=) 20 30 40 50 60 70 80
g
< 0.6
0.4+ PN VNNV AN S VS VN NP NS
024
0.0 T T T T T T T T T T T
0 20 40 60 80 100
Time (ms)
Fig. 6. Interference signal of a Michelson
interferometer

1% 62 vy XE 7)ol 1kHz, 200mVe] AR
= FA7IE Fall VKR - AR A A
A5 o83t SA% IAdAlwelt F 04Ve] DC
o NEs 1 o vk DC A2 2x2
2gt71e] Agn| i} 1ok AN &
Ao FeeT) v
& FBGOllA] whAbE = Hle] ﬂ (intensity) 7} eFgtel]

= 1
= B3, oF02Ve] [ES 2 NEE 57

r
Fﬂ\i

P
&
ofd
o
M Jo o

a9 7S FERAVIE B gl %7
500, 1000, 2000z, 200mV o] Ak215h2 omaoq Xy
A Ao 2] 7 () AEE 27 11414
52 ACHEH (coupling) & Afolth, Q% Ful47}
Z7hel mek 1 ] %] o A B
T AT o= voluE xgrlel &3l El
ASR BRIt 9 7 (b)=

245 Asfelt), tholuby] A%71E Bal Q7ke 4
7] A% Forg HAT 5 ok
3.a =
32 ol v W A

Journal of KIEE, Vol.29, No.8, August 2015

Fig. 5. Strain meastrement of FBG sensors
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