o
Fdw

3t SN AMSAHS

Sagnac ZI8AE 0|8

- #w X
43C-11-6

Discharge Signal Detection in Insulating Oil
using the Optial Fiber Sagnac Interferometer

2 EE-Fg 2”& 88"
(Jongkil Lee * June-Ho Lee + Sang-Joon Kim)

Abstract - In this paper, an optical fiber

sensor(OF sensor) utilizing the principal of Sagnac interferometer was

proposed to detect the discharge signals. The needle-sphere electrode system in insulating oil generated the signals. The
performance of OF sensor was checked by sinusoidal calibration signal generated by PZT actuator at 198kHz. The
detected discharge signals consisted of acoustic signal and the electrical noise. The noise signal could be removed by
digital low pass filter. It was demonstrated that the OF sensor in this research had a possibility to detect the discharge

signals in power apparatus.

Key Words :

.M £

BEYAE HYr)r)e] A g JRE 8=
dalFE TR YT F hyelr] WEd dHdug R
goll REFH] FAH7Ivel de] ol&sx U1l ol
= < A F71HA e N AsAd W
He 713 e Bl 2

)

e

qu -
I

tjy L

A2y CT(curent

transformer) & 22 A7)1H FAHAZXNE ALgsl9 HEde
oz e AF7|re g dd S£HIT JvHZ,
3L v AN H P FEYAe] dojUtdM uAe LR

o Sel wASE R, £F, @, hE 5 FRsA 2EpA

S Asste WHoR oF FEWAM sitdge ¥NE
ZAY e AEg HAd/Y GIS T &8&37] A @
ATt #gHT 9l 5 6, 7]

FFAE FAPYANE T4 dAARRE BEN 25
JAME o] gt o] WHE EMIY A71H FE 9%
& AR AN IAHFAE ol &3 Aste T 4
A7F &olattte AL ZHAR Aok 2y FEHAd
& G SFATExETAAC mddhs FAAM b
dolu HATZE T o8 #HH7] el dNRF
Bl W Are] FELHAEE HFES] o¥d EF &%

N ALHE FFANE FRBYAOEYH Y dg

L & B ERK BRLTRHEN Bgdk - I8

TE® R #EK ERTER BlE - T
TIE# B RE TIHAKR BRAAEMGIEY - THE

®EHF 20006 68 18H
|MSTT ¢ 20004 10H 268

622

optical fiber sensor, Sagnac interferometer, discharge signal, FFT, digital filter

Aust B4dE ge e oL F3o FHHez
S wAaariv fxdEe] of

o FHRFE o) §F AMY $8o] A8 EopoA
o FolXm Ut MMM FHHE FUGA, A
&4, 2894F FIETHA, FREA, WEA, %%-?: A
Adld, ¥& YR 9 F4E HAT A7) dWEA A
g7)71¢ #EE EFY FAHAE g9 stsdE MR
A A o] TH8].

DAJEorY WHAHPY EAH FEF AME o83} A
= 19909t EoiMolr AFRHAZ WEe FulgaA ¢
BEE A7/ dgd] A& dAetk 1 F FAXHY &
3o 2HY FE¢t 559 T. R. Blackburn 3 478 ¢
d72 e 2 (heterodyne) WS L7 Michelson
3+ Al(interferometer) & o] &3t Rej¥ 7] Bade) A9
HANIE £33 7|€9 GHALRRE o]&T =S 4AM
9te) AFuaE s 2 23 H"s dASs FAd
FaFAMe EAHEH7 BxEAN 2EFAMRY $5
sioky FE e QUeH9] ey o] "He] AEE AAAA
do] 2§ He-Ne #Zlo|AE A& & o]z
A 3 (alignment)el]l H& Aol 229 ¥ ohniz of
29 9{ A %‘7—'1‘3]‘4 o]Fo] Slojx AL thA kol 3}
£ ool Ut =¥ 80MHz A9 &L FHFE 717
£ & ¥WZE(modulation)dt tiA] B-Z3El7] A% 1rtel
Bragg cell 3 527|171 243407 wjEe ofa H88& ¢
8 sdsior & g FAE ¢ QU

B dpdye Ade oM gAste WAz E
Sagnac A9 B E ol &ste A AE BAEHAA
Aoz NsH7IEE HEsd FSEAE THH
EA FARAME o] &3 A7) AANIHEY S &

[



b goze Addel dgte n@s gt
2. 5yue

FAFE A4E £ e FFY Fo g GdRE
(single mode)® ©FEE(multi mode) HFE FEE
Al aEn FARE ol&F AM2E, FEAVE @3
RN Qg Agstn A FHEVIA Bolew
ZaMe 98N 3 extrinsic MY B AAZ 9
%7 F(measurand)oll 98 APFHoz gL ¥ M o
-9 & intrinsic AM¥oE FERY 4 Ut €4
extrinsic A dlE AFRELAFE AFE3L1 intrinsicAlA] o)
= 02y gUdRENSE BEF AL Ed gFERo
AA e Bee AdEE W] Azt A& o3 Wz
e v, gdrE AANY HeE R2Ree Wil 3
AEE E9se Yo 4o dI¢E vxA €9 E=F P
HGE EFste Qo ¥E(modulation)y 4o wal e A
71, 9148, Fa4, 43, "G Mz Soz FEY + Ut

AR ME ddR e R2dAe o8 wAsteg A
gue SPNIHEE %Y S 2HARE BHo=
e ddRe FHFE ol 8¢ 4 A (interferometer) & ©]
£33t BHdFUHE EFste we& 239 dFHo 9oF
Aol azEA P10l

HAZE Michelson, Mach-Zehnder, Sagnac,
Fabry-Perot 474 To] @8 AHgHEd 2 dydre
22 (homodyne) 4 9l Sagnac ZHdAIE ol &stHch
28 1 ¢ BARE ol4F Sagnac AL EF T4
Tojt}.

e Ay

Detector

Reference Coil

Laser

Signal Coil

a9 1 B FE ol 8% Sagnac AL FAE
Fig. 1 Schematic diagram of optical fiber Sagnac
interferometer

a9 1 Mek o] HolAdlA 2 Y& beam splitterE
AA BAR FEZ(oop)E ME W oz AYsA g
7t wgoz NYsHe dolARe FHsna e 2

FYF Sagnac LA E OB FELT M HE

Trans. KIEE. Vol. 49C, No. 11, NOV. 2000

of gl FAdFol st At A FARY WY
£ %2 ¥ beam splitterol Al A $HA #HE7E HE
o} ol Zzhel B 2ajele v se st LA
o A& M7je] W3t doju olE FHFoEZN F
AHAAC 7R A& Fe] 2718 HESA €0

4 39 19 FARFZAM AAT WA AR
Z AYse Ye 44 B, B o8 31 ol& thEd ol
Ei42 BEAY £

B,= Aexplj w t+28x,]) 1-n
B,=Aexplj w, t+28x,] (1-2)

o714 A £ beam splitterol A z} wrako® ylo] 1112
Heldon 7MAsEE o & 4y g AvlelRn, wrd
Aol A Fe) ZFu 9 x2 4 AANSI AAYGS
2 AYste e F2gololy, & H4HEYF(phase
propagation constant)2 th& 2(2)s} o] ALl

_ 27
/9—' 1 o (2)

714 n & BAH{F JZotd FH &R Ae AFTT
(free space)ol X #ol A #e] sojrt. F W oA A
A FHEINZ gol7ted o 9 g9 AV Lite o 4
(3)e 2 @A CHIL

I,=2 A1+ cose(d] (3)

4714 e Az wougez AYY ¥ ¥ B, B
Aelel AUA faReln NWRTR g8 2ol FojA
o

(=28 x,(H— x,(Bl (4)

9 AN Fol vig}h o] HEYFL, B AT F
F, 3t g3 T FYNFY A JFE T
FF F29 Wtz 4 Y Ao x () x(t)7t W3t
31 ole AYAe(t)e] WRE WFHo HFHoz Yo
A7) Lt)7r WstatAl Aok mbM o] o) AlZle] AjHA
M E ZAGo2H AESHF UstE ¢ 5 AL

3. 43

¥ 2 v ¥ 9478 98 +4% Sagnac DAY TA
Folch 2go M9 o] 3X3 couplerd A Fe& B2 Y
FolA o, fFHA A Yol &7t A ol W=
(mandreDel] 77 3Gl GHAE =esA 5o, &t
Aol v EF HA(strain)E oA F A2xsE DA
g}

623



WRBSFIH LS 49CH 1132 2000%F 118

Photo Detector

Laser Diode

Isolator

Detected
Signal ¥ i
1 -
1 o
— - Breakdown Test Tank Acousticall
Digita Osciloscope 777 Shielded czmber

a9 2 ¥ Ao AHS ¥ Sagnac HAAIY FAHE
Fig. 2 Structure of Sagnac interferometer used in
this research
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