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{(Polarimetric fiber—optic current sensor system using a twisted fiber sensing coil)

U - HuY

(Kee—Hyuck Kim : Minho Song)

2 o

BEAH A2d) AFAMZ ALY Bxog APEMY BT AFAME ALtk 372 3%
Aol 23 &Yl dFg Hashl| st IIRE BURE €
FRM(Faraday rotator mirror)& 528t} MM adE ARBIATE B4 AMILY WEE AEE 22is
F3 FA M) AFEZA AP S Pt AHEFEHE FgF AT ITF 59 #7234 xo]=2E 58F
o2 APEE & F UNSH 3% oo AAF SHAAEE ATh

Abstract

We developed a polarimetric fiber-optic current sensor system for protective relaying usage. A fiber sensing
coil that consisted of a length of twisted fiber and a FRM (Faraday rotator mirror) was used in order to
suppress the linear birefringence effect. From the experiments with various sensing coil configurations and
environmental conditions, the proposed current sensor system showed feasibility of suppressing environmental
noises, and the obtained measurement stability was less than +3% at rated primary current.
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Fig. 1. Fundamental Operation of fiber-optic CT

or= ugVOH- di= u, VNI (L

(w: faraday w29 /3-8, V: Verdet 47,
N B4R FE T AR

Vetdet 44 wV(rad/A) = %8 v do] 2713
W8t Faraday 28 dovle H =& Yehls
HoR AVHOR V(adAZ EHEH 3479
A& AesKSIO)e 1310inm] Al oF 1
wad/A A= Verdet 4+E otk wEA
Faraday 3187242 vl¢ 2L golAT AMmYdY
#e £ 2T Wike AEE #RY 5 9}
o B3RP A$ Eygdd 347 analyzen €
Fol ol THE U3 7] WStERY ¥R F

Jaurnal of KHEE, Vol 18, No.2, March 2004



AZE F4E 4 ek o] HAE Jones MatrixE
ol-g3te FEstH 2(2)¢h 2ol AHHT.

[ gl =P<a)F<p)P<o>[ g]

Y.

P(0) = (1) ]F(p) [ cos Sinp] @)

— 8SIngp Cosp.

cos 26  sinfcos
sinfcosd  sin %4

P(O)= [
P(0), F(p), PO)= 42 xZoll B3t U3, 3

Aol 93t Faraday &3, J¥H Pl tialy] 3-4
Zr& 7MAE 3719 diE Jones Matrix F& oot
I8 2% A Q0 71 F ARAM e Agdhs
g =A% Aog 3ARI F4o) Fejojn 2 Fara-
day 3lAZkel] tisir] vl HEHA FHEAE Ho
2%k 48 AP} 73719 4= 0=145 A= A&
=719} WPz} Astel oisix Aol AP FEx
WFHAF| Faraday 3|7zte] ¥zeo] & F3}
0 2YE A8 F JoBR o] Ikd) FREE
Fol 28e 9A 9o

|

%0 135°

[] I esin( 226

a8 2. HEEME I MFMAMe HEEs
Fig. 2. Transfer function of
polarimetric fiber-optic CT

3 A'I% Egzi OH%E
PYF ARAA 28310 Fbg 2 e e B

9 - HNEHIYR=EN 18T T2, 20041 38

H7g - $9%

ol A% S22l % 29 HF3 kg4 A
sfolnt. B Zolw AE Al EAss WA
olv PR 2X, AF T IFAA 8]
gt F 59 2HE A& 7HAA = ol we}
T HR F Y A Q% 22 A7 R
gikides

5= —zf in 3)

(6: 91 AQell ST NPESY, & F A= Ao,
An: F %] E4E A M FAHY)

AyBEhel Jyon F A Ny WRS &
32 R5a etdgont 4y BYoz Wste] 4
A2l IFEE AsA7)T FHNEE A

HYBZHo] Yt o4HA B9 Faraday L3t
£ 4 (9] Fo)% 2oLt 4% B24o] e A%
£ e A @9t Bo] HET £ 3k

_[A —

_[ B Aq]
A =cos(¢/2) + jsin($/2) cos x, 4
B=sin(¢/2)siny,

¢=vV 62+ (20)% tanx=20/6

A Fp)oial ME tlshn YA 3%
7] Alol9] 7} 6=245°8 chiated FakalE The 2]
3} o] @k

I,(6=45 )=
2
sz"" (1+ singsiny), 5)
Iz(0=—45° )=
E, i’

——2'~(1 — singsiny)
A3 4 71250(PBS, polarization beam splitter)
& AMS-3H B=145°9] d]Fel= FPD MBI, 28
FAlol 28 = glon kg daks Este] 2(6)

@



MR 52 ghol 0 o o4l B} §
QA 89 Bol ARG 19 3% 2
Wl 282 sinc $o) Yol Waksto] 3

a2 3. ME JIE0) st E= Y=,
Fig. 3. Output reduction according to linear
birefringence.

ujeir Ay Bz % HMASHE Flo| FHA A
FAA FA 78 2A0d BRI HoRE
BAH AN2LE 11]7-‘}‘SL F o 2% 9%
= ¥ (annealed fiben)[2], 3979 A= A ANAM
= 98EFZAHE A7FE spun BAR3], AR
o g& sl H¥EIHEE H453 flint glass
JARM, == *)"‘L?r Az Al Zoj9] vTHAEE
4348t A5-=H(low-birefringence) F4F5 Al
gat= W So] gk B = oME 44 78 +
AE gt FF "1%— g4d 2= -‘”f"“% H)go] A
FEZH HJFS Hidshes HHEE AL
%@T"r«} H] 92 2E 7]l «l?ﬂ optical activity

Faraday &7} 22 Hel9] 4 B2
< ?—29_7‘_‘:1-[ ). @) BFERE viES] B
FEZHE A5 5 2 >> 6 (43 249

oJ

fl

3

b

yugdo] ulstel 7

AE o golzhue] HW Foe NgEadol
gE A9sh 2 29 goz 249 £ 3ok

a9 4% AR HFEAY AR AR
MNegzoltt, #9e 1310lnm] SAHIFE zZE
Fabry -Perot ©EEEZ #Ho|A tle]Q =(laser
diode, ©]3} LD)& AME-3I%TE LD &3 A3 #H
B7)¢ viabdas FAAA ARVE ALY WY
H7t2709) +45°0] RPZHE o]FEF WG
AX 2L vE F 203 v|Eo] AR FERE
403] ZAgkom UMIZAEE Folm FAHUe FE A
FESEES AA] st Zde] 3% Eof
FRM(Faraday rotator mirror)8 3-2raled kA3 o

2 Ak

L_!—f —a—{ i\

<< Portable Unit >>

FRM
Electrical port
g

Current

Etectric circuit conductor

Unear Polarizes

Half wavo plate
Beam spiitter (83)
Polarization 83 (PBS)

4 S;gnel Processing

pELo~

/

J8 4. HYRMY AMT JRMAMY JiEE
Fig. 4. Configuration of Polarimetric fiber-optic
CT

HIEY] 9t F=d dEESHL o] 1y
Wl wet B30t v e 7H9 A A%l 3 Fara-
day 3]72p-2 Q] 2} gl TS w7ty &
golEg vy AXMTdS AFEFHY] IS
87713 Faraday Azt w7t Alzich =3

< AR x, yF AE-E FHuHre] WA
7 BT WY 2 AFE2E 9L AAse
He-g FrHII(101 29 5(a)= 100 ~ 700 AT ¥
99 JHAFAZ T AP o= 60[Hz] L
FALE d=%00] Adstz UL ¢ 4 3ok 2

Journal of KIIEE, Vol.18, No.2, March 2004



5(b)E 50 ~ 1000 AT H$il Aol st 34
k)

W
AFAMS AEA #3E AF3Hnormalize) 3}
E

rle

Jo o
[u—

oz

of EAG T Zolt ZlelE 4 AF WA
linear fit @2+ AZgke] QA7F 19 oule] AHA
& nglow QARFIL IS AR B9 A A
Yol elste] A¥ Aol Aske Szt et 4
NEQLe| e 58 2Pt B AsAe P
¥S olgald A2 & Uk 50 AT ojslelAle
AEe o] Ropd WL 2 MY 9AE B
PEd ANBAY e 58 F7HIA RS AR
NE 4842 4248 & lov BeANE AF
AN A% AAAE 2A dolNE HE AEA

2Quaolne S0 BE AA WA
o) M8y Bu} Fesit & Aol

1.0
L "
.'
.C
0.8} ..:.
.
-] o"
L 4
§ost K
3
5 .
S 041 »* -
E o
o o.
z o
02+ .a.
.
0.0 ' . d .
5 200 400 600 300 1000
Applied currentfArms] (b)

8 5. MF BRMMY &Y miH(a)n}
&89 MyM(b)

Fig. 5. Output waveform of fiber-optic
CT(a), Linearity of Output(b)

g - T MH[Q =27 187 M22, 200414 3€

o]

71t vigh Zo] HPEFHe JHE 239}
1 Aste] B E FAHFE ol &3t BAF A=Y
S ARG om HE F5t 2 vAe 9FE
stetaly] faiA 19 63 2ol viEH] HEE 2
2 AN2YE ol gt 2R siTh 42 v
Bl 7 03], 103] 2034 FAH/E HE0] AMIY S
eI HiFe A& 50 AT HE 22 1000 AT7t
A F7A71Y 99 WslE S o]&4 e
2 HEYY] vt AdSE FHFe d¥E2A
o] AAH ol AFEEH A% HPHEE UA
ate] o] Gl At 2T S A& 5+ WA
gt} oA e 2ol ulE JF7t AAFE Hrt
Tz £8E de AL U £ ANen vE
9 1003] o} HE BUHRT ANZYL AZshed
ugtov} 03] ol REIE P A UobAA &
o) :{]_D)—O H]E§° :ﬂl)d oﬂ Aegﬂ/ke 201 _1]._._
4 f3ol o E oM vig 3 203 v
B BRE AXIL S ARt 43U

183 /
A7 4D turns, 20 buiste/n /”A
1934  B: 40 tures, 10 twists/n ;
C: 40 turws, O Laisle/s >
122 /
~
- -
§ [ /{/ ),}' B
& A »
§ %] « g
B / /
< o] P
4
] -
2)4 (‘ MHMM
o —-—:'1""—"1‘
34
pa

a8 6. HIEYE eI IMR HMMFYS] MRS
A8

Fig. 6. Current measurement with various
twisted rate of sensing coils

ATREE AFAAV} AEHE WRe 1P
FAF % AFo) PN EAGEZ BHAE A
FANE A5 9% d%e AW 5 ==
AAsllok ). ANZYY BE Bro] Fakp
FRME clEH02 7 83 38 Hiio] b
AFoZ FAE7 2AS 45



HIEY IMUF NNIYS 0|80 HFEMY ANHQ MM
0 H C T T T 0 Y T T T
/a)!h(m) 60 Bt (curret}
TS 4 ~ 2 v 113
R e sectmind vibtim
g 4 - 8 <N, 1 @ 0
[ N g i {
Pl % : o
é 8- g < 3 &0 H & !
< 3 § <
® % %sl
A0 i I 5 400 i i i
0 W M0 K 0 I

Frequencyftt)
a3 7. Is0l e &% AnEy

Froquency(iy (C)

(a) TE0| o= B, (b) 15 Hz TS(H=AHE), (¢) 15 Hz NE(FRM)
Fig. 7. Output spectrum according to vibration
{(a)no vibration, (b) 15Hz vibratipn (simple mirror), (¢} 15Hz vibration (FRM)

A7} FAER) go} FHE MABZT A Jgpe
42381 AFo] 9 AYEZH wslolx T
ZatA drk ol2ld ATE Bsy) Yo Bz
FRM¥ @488 B35t A2 ANz e A
zslo] TH F9ol e & ikt WEEA A
2 YA 2 2P g v nRAsd a8 1)
RAFo| F1EiAA e Ao 2H e Fug Baje
2#EZo|v] FRMI ¢ &) A9 5 60[dB]
oj4e] A% ol FSH(SNRIE Helth 11d (h)=
EALE I8 WM TL 15[HS 1EL 7}

4ol 2¥EZoZ G0[H] AFNIET}
15(Hz] A% Fo4 Aol o A3 AYHOT =
o]z o] o] A5ALL o & glrk

a9 (0 YAELE FRMS 238 4%
()2} 7390l Hste] AENZ7} 20(dB] |4 Zo}
Rom AAHQ wol= HME BeA Lo vt
a7 ARE[SE B Aok

e

Azde] el FRME F2sla thaFst §70) 4
A3 489¢ BsiAch APdgery 5 -
1000 AT H9 thellA] 1% olWl) M35t Zazh
MHEAEE Tl 3% olule) 2HdALE Q
< 5 AeH 159 AEANEE Fheie] 2R
2% FRME AH3he 495 B ee Abgsls
Aot vlnd o oF 20[dB] oo >0l oz &
3E 4 F Ak

ol =22 2002¢% #2tte xEx|ctel x|fo 2
50 AT7E A2, (KRF-2002-003-D00233)

References

(1) C. W. Day, K. B. Rochford, A H. Rose, "Fundamentals
and problems of fiber current sensors,” Tech. Digest,
11th OFS Conf., Sapporo, Japan, pp. 124-129, 1996,

(2) D. Tang, A H. Rose, G W. Day, and S, M Ftzel,
"Annealing of linear birefringence in single-mode fiber
coils: application to optical fiber current sensors” J.
Lightwave Techrol, vol. 8, no. 8, pp. 1031-1037,
1991,

(3 R I Laming, and D. N. Payne, 'Electric current
sensors - employing  spun highly  birefringent  optical
fibers,” ). Lightwave Technol, vol. 7, no. 12, pp.
2084-2094, 1989.

{4) K. Kurosawa, S. Yoshida, and K. Sakamoto, "Polarization
properties of the flint glass fiber,” ). Lightwave Technol.,
vol. 13, no. 7, pp. 1378-1384, 1995.

Journal of KIIEE, Vol 18, No.2, March 2004



(5) A. . Rogers, "Optical-fibre current measurement,” [nt. J.
Optoelectronics, vol. 3. pp. 391-407, 1988.

(6) ). Blake, P. Tantaswadi, R. T. de Carvaho, “In-Line
Sagnac Interferometer Current Sensor,” IEEE Transaction
on power Delivery, Vol. 11, No. 1, pp. 116-121, 199%.

(7 A Yariv and P. Yeh, Optical Waves in Crystal, pp. 103,
Wiley, New York, 1984.

(8) R. Urich and A Simon, "Polarization optics of twisted
single-mode  fibers,” Appl. opt, vol. 18, No. 13, pp.
2241-2251, 1979,

{9} N. C. Pistoni and M. Martinelli, "Vibration insensitive
fiber-optic current sensor,” Opt. Lett, Vol. 18, No. 4,
pp. 314-316, 1993.

(10} F. Briffod, L. Thevenaz, P.-A. Nicati, A Kung, p. A
Robert, "Polarimetric current sensor using an in-line
Faraday rotator,” IHCE Trans. Electron, Vol. E83-C, No.
3. pp. 331-335, 2000.

g - W HHYR=EN H183 T2, 20044 3Y

=
X
a8
opr
2
ot

S X XA o

2UI1% (& 54)
1980 29 794 20039 AHY AAuTHR =
9. @A ARUSE ARHRTEE HAHA

FUY (R

19689 8Y 2694 A, 1990d. 1992d AL dism #7)
Fogol A ZoAL BRMAES ASHGOm 19974
Agtigtn  A7|FsRa A FahdAE s HE,
1997-2000%d 7t A Pennsylvania 3 @39 Post-Doc
tor2 d&gon 2000d 99 olF AR w HAH
BIAR zuFz AF,



