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Abstract: The residual linear birefringent of sensing fiber, temperature and vibration sensitivity severely
influence the accuracy of Sagnac fiber optic current sensor (S-FOCS). A sensing fiber can be used in
FOCS with spun high birefringent fiber (S Hi-Bi fiber) was designed. This S Hi-Bi fiber includes three
sections: two terminal sections with variable spin-rate along fiber were utilized to substitute the fiber
quarter-wave plates, respectively converting the light polarization state from the linear one to the circle
one, and vice versa; and the middle section with a uniform spin-rate was utilized as the current sensing
fiber which maintains the circular polarization state and compress the residual linear birefringent during
the light propagation. In addition, the sensing fiber was wound into a special geometric structure so that
the Sagnac phase shift was inherently eliminated and the sensing result did not depend on the position of
the current conductor. In theory, used the coupled-mode theory the evolution of the light polarization state
was simulated when linear polarization states light incident into the sensing fiber. A novel Sagnac fiber
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optic current sensor with vibration insensitivity based on this spun high birefringent fibers was proposed.

Key words: spun high-birefringent (S Hi-Bi) fiber;

Sagnac effect
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Fig.1 Geometric structure of spun high-birefringence fiber
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Tab.1 Jones matrix of the sensing fiber when the
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into it
Position  W(z) normal modes A(z) local modes

U o o]

F (o etin NRIEGL

F) olewtieery 2] |ttty
T T N e ()

4 HEBIIMG AR EBEER

R matlab XA S @)EAT DR, 2 Tt
10~100 2 IR, AFPT fl 52 50 i 4 1 D 2,

Eﬂx&ﬁwﬁﬁﬁmggﬂﬁoﬁﬁﬁwﬁ%*%

MRS E R . BB SHOEE K L=2.5 mm;
Tm=45rad/mm , L;=L,=100 mm, L,=800 mm, Y&4F
AR (A FD A)) B T 2353 51 8 278 R Py=|Ad? Al
P=IA, B 2 3H5 T x il Zefmdio'c ASS S Hi-Bi SGF

SN -

=

Relative powe
= 1
|u_'*1_-a

00 400 00 Tid0
114

1] 100

Bl 2 x #iZe AR e A S S Hi-Bi JE4FT, P Ml Py IR &
J7 1) By 3 AL 17 Bl
Fig.2 Power evolution of the P, and P, in the fiber along the
length when x-axis linearly light is launched at the

S Hi-Bi fiber

i, AR AR A AR O, AERUT R,
TR AR AT TIH—1k, 7E S Hi-

Bi JGZF Y Ly ¥ 43 (UiF) : 24 x Bl i 42 06 A G 21 U,
U TE G I AL S R b A BRI R E R A 2
A ER AT BRI/ | Ay RS 6 ) S K
MO EA Fyoomit, BN IE SR IR Py, Py I
M 5 (P~ Py=0.5), G e Ak Ry B R0 (36 1 v
B A(FON &), 5 Huang %8 A RO 45 R —3©

TE S Hi-Bi LY L, #64> (FiF,) . x fiAn y Sz
W RAETE S AR A, B P, P, IR A (P~
P,~0.5), LF Wi B 2 [ AN fE e B R 42, 6
P54 G B3 R, 0 (3 1 i AR E) .

TE S Hi-Bi JGEF 1Y Ls #43 (FU,) « 76 6 A% i 1o
e A BEROE DR BT G B ABL, A BT RE
W/, AR DR B WA, O A U, I
i, TS 2540 E] x Jh(P,=1, Py=0), 7F U, ¥fi , )6
WA x RMmARIG(EE 1 PR A(U,) 12H),

AR, 4y ZRmIREA S Z S Hi-Bi JG£F it
6 D A RS AT A O 5 i 2L R T
R B B A PR oIR8, 7 AR sl L % B v [0 A 4R
AN LRMMIROG . M H B T S Hi-Bi YGF A8 iR
HIEEER 4y AFPT, Il AFPT, K JEMISE, S5HXTRR, N
U, Gk ar X B AT B — s A BT S Hi-Bi JL4F
I ' I8 4 RS T AR 1R AR ]

PSR EE R A 4 ST LR, KL
Jr it S Hi-Bi JGEF, 78 T 3 1 4% B (Ly) TR 2 M
P I ARy T O 41 5 5 50 S 5 Bt (L) HAT 1B £ 2
il 5 7 B TUHR % B (Lo) W R I D 5 Ak R 2 i '
Ik, S Hi-Bi YGEF (AR MR FL 4, T SOGET M4
BRI IhEe, i H B T IR MR A RO LR M i | H
TRGEI M4 P R/ T — A4 a5, nl ko 4 A
ANHER T K Y 615 5 P RE A PR T 6 5 2
FETR AT VE WAL BCET BAT AR D BE | YGEF rp A5
KZBIANFEAERE GBS, PTIHBR G EF ik Ay 2t T
S S iR 22 T L H LA R4 A IR RE AL
25 1 1 BEART fif DA O LT A R AR M XU 5
TR 25 RN Sl 1 5 1k 25 A5 Il

5 IRENFNSMEALERERA FOCS £ RN
FINEIT

T CLT (14 9% /R T8 2 RS HLFR G 2T (4 e H 3

PDF #% ffi ™' "pdfFactory Pro" & &4 # *F www.pdffactory.com



http://www.pdffactory.com

174 LISk T A2

% 44 %

IE ™M KL, 1% S Hi-Bi J64FE N FOCS 1418047
R — AN R R . i T IOGER 45 b
RN E] , DT B R 1l R BOR ] 40 S B b LS i
ROGEFFR, R RN TG LR A R {3 & 4k FOCS
T et 8 SR AN ] 33 7™ S e L TR [ B
T Sagnac = FOCS, it 75 fift Pt Sagnac v XJ Il & 4%
R

o TP BRI, BE T — iRk B A% T
SEEFIRSEH Ty 2, IR 3 Fis A OGEF B th G2 F
T AR T 0 0 A A, T 87 R S T 4
Y, LR AR GEH 7 i a0 R ik Rz e e i R
Rl 15 4006 1) A A e 8 TG ET B8 1, SR 1) 22 3 B A
LRI 1, B 1) A5 RS 1 S R 47 38 1, B A2
Wi BB SR EER R 1, B T BT O [R] G £F 3R
ey I mINE AT B I T e % a7 N B
Ferf i S Hi-Bi JG4F 9 AFPT, Fll AFPT, J [i] T 5
B U, F1F, FEZE R 48 LA FL A U2 fE4 BB
R EES 4 TR U(F)-Fu(U) i (B
1873 0 W X L 3= I N .2 N I | R 5 o E
L, Y S AR Al 450,

Current conductor
&) 3 HL%% w5 U B Y6 2F FOCS 14 18 27 38 - If 45 #4

Fig.3 Geometric winding structure of sensing fiber coils based

on spun Hi-Bi fiber

A8 ZOCET e A 5 P R T AR R B Y L) &
ol K B 3 AT LUE Y AR O R R HE 43 11 )2
ST S Hi-Bi JGEFZeiil Yy, Rtk %38 53 45 ik
1) 9 R T8 R B A,V (2) =K T

XA 1 (B by &R 4) , AFPT, 1 AFPT,
J2 1) B 5 B e A A SR 43 ol 5 L B o R O R
(IR EE Uy M F,, Fy B U, S, Il AFPTz Ab
5 AFPTz=L+L, b T A, %A1 B 43 1) 3% R 78

HOH
erinlly

V(z)+V(z+(L1+L2)):KTmaX[ 1 +L cos

1T(Z+(L1+LL23)‘(|—1+|—2)) ) } =K T

0<z<L, (13)
PRIt , SR XA A G il 7 i TR AR A5 IO 2F 0 4%
Qb ) B SRR RO R]  f o T+ 2 R AR OB 2R
fF FOCS 1 # 25 AL A2 FL Y S (AR 2 52 1) ) )
BEA, X R AL BROGET 1 1 B8 il 5 1530 RE T B 4R
51 Sagnac M2, Bl 3 HLEOLLR I | 1 4%
Sagnac AH1 22 73 51 4

o= ENTSL 0,1 #55) (14)

1 +L cos|

K Trrax

o= NI 0,1 5541 (15)

A, ¢ For Sagnac RN 51 AZ B A 25 5L A C N
M RAROCA R EE DCIR K  EA O DGR
ITH; 0 (0 F1 S, S, 3 BICEF B8 | B e & #f
PABOCERER | LT R A T A

M 3 FIE Y, SR BOCLF AL A |
[ &R0 4% i 15k 7 1) A S — > s B AL R 2 1 5
— AR SRR ARSNGB
FA T KON A, DT AR, B Qp=- Oy, 1T HOGEF 3R
PRS0 50 BT BB R Ay T FRUAE 45, =S, IRLIE, 3X P 43
Sagnac RN R A AHA 22 K/AMAHSE , fF5 A, B
== b, PRI, 0B A A5 OB £F IR B il J7 vk vl 58 42 TH
% Sagnac R 5 | AL B AR 1R 22

6 # & Sagnac 3t FOCS A%

BT IR TS Hi-Bi J64F 59— Fhigi 8 Sagnac =4
FOCS 75 %8, Wl 4 FroR DGR Kt 1 6k 4016 £F 50:
50 G A T A A PO, Horb— 3 4 IR S, U
—¥ii 3 5 Y I RZURENOCFE SRS, Y kR
SEPE DR A CHAEALR G TIRE, &Y R W
Je AT HOE I A R A RS Hi-Bi JG4F AFPTL A
U, YAl AFPT2 19 U, i, S Hi-Bi YG£F 19 AFPTL HiI
AFPT, #7314 1 5 g D' 5% A6 8 Rl 0, 76 S Hi-
Bi JGEF &) HUHL 45 4 (FaF) , i 41 6 O 41 25 A 15
FEAG BOCET R T W OB I A AL 4G, PRI A i Ty
] 5 W AR R B #E 05 mRTe, P AEE RAR AE
GVEADLZE . JEEFER | N PR A v H T B W 3

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

vz

vibration insensitive fiber-optic current sensor

of Lightwave Technology, 2002, 20(2): 267-276.

[J]. Journal

[3]1 Short S, Tselikov A, Arruda J, et al. Imperfect quarter-
waveplate compensation in Sagnac interferometer-type current

sensor [J]. Journal of Lightwave Technology, 1998, 16(7):

% 12 FERANE R T ARS8 IR R R GRS A4 % 175
7 T AT I A6 5 565 50 6 T8 0 A 2 M0 485 1212-1219,
%ﬁ{fj’l%*ﬁ{ﬂ%% W‘jﬂiﬁ[ﬁﬁ'%u % 5+ AFPT, ) U, [4] Wang Xiaxiao, Zhang Chunxi, Zhang Zhaoyang, et al.
Sy ol AFPT, [ U, ﬁuﬁ, [77] 152 s 45 5 26 Ak Sy ) 28 Ak 4 Study of polarization errors of all fiber optical current
St ) RISTE Y US4 K18 B T , i %ﬁgéﬁj“ﬁ zransf:])rmers) [J]. Acta Photonica Sin, 2007, 36 (2): 320-323.
TR . . Ny in Chinese
g fi; i;;;iiiﬂﬁ;m?ﬁﬁ%z f;; LI, KA, O, 5. I LA 0
’ 2T [I]. T2, 2007, 36(2): 320-323.
1$EPE/‘JEB‘{’7;—E{EO [5] Wang Xiaxiao, Zhang Chunxi, Zhang Zhaoyang, et al.
Fh:l:ll':-:nr Vowavemids ey Research on temperature characteristic of quarter-waveplate
o L 0socoupter () |, i Eﬁ* and its effect on fiber optical current transformers[J]. Laser
(_‘-E;j: ! Jramiactos | PG and Infrared, 2006, 36(7): 596-598. (in Chinese)
SHEEERS Sendiif line TE, AR I, A LA IR VA B TR
LFL—LE"”'J— HEPE BT IRBFE]. OG5 205k, 2006, 36(7): 596-598.
I-—*Dr-tpul [6] Tang D, Rose A H, Day G W, et al. Annealing of linear
4 35 THLES 85 AU CLF B 37 Sagnac 3t FOCS J7 %8 birefringence in single-mode fiber coils: Applications to
Fig.4 A new scheme of Sagnac FOCS based on the spun optical fiber current sensors [J]. Journal of Lightwave
Hi-Bi fiber Technology, 1991, 9(8): 1031-1037.
[71 Ulrich R, Simon A. Polarization optics of twisted single-
7 g:él: 'L/k\. mode fibers[J]. Applied Optics, 1979, 18(13): 2241-2251.
[8] Zhang C, Li C, Wang X, et al. Design principle for sensing
X T —Fr S Hi-Bi JG4F s %*ﬁTéfﬁﬂ:ﬁ coil of fiber-optic current sensor based on geometric rotation
FeAE o PR v fb i A2, X H T FOCS Ay AT BE effect[J]. Applied Optics, 2012, 51(18): 3977-3988.
WA T8, it —7Fp FOCS 145@2575’ T S [9] Huang H C. Fiber-optic analogs of bulk-optic wave plates
Hi-Bi Y¢2F 1% il T FOCS ﬁﬁﬁ‘]rﬂﬂuﬁo 1 F S Hi-Bi [J]. Applied Optics, 1997, 36(18): 4241-4258.
j‘ﬁé?z]:%ﬁﬁ EUH: E’J/ﬁﬁﬁﬁ%%ﬂ%‘ﬂﬁ%ﬁi@ , Iiﬁﬂ: [10] Huang H C. Practical circular-polarization-maintaining optical
%ﬂ\j?ﬁ}}f\éﬂ \‘75'1)# \’%ﬁlﬁxﬁﬁ@ﬂ@ Sagnac & FOCS i fiber[J]. Applied Optics, 1997, 36(27): 6968-6975.
1§T~ﬁ%ﬁ%%0 [11] Rose A H, Feat N, Etzel S M. Wavelength and temperature
performance of polarization-transforming fiber [J]. Applied
B2 TH Optics, 2003, 42(34): 6897-6904.
[12] Huang H C. Microwave approach to highly irregular fiber
[1] Wiest R, Frank A, Wiesendanger S, et al. Influence of optics[D]. New York: Wiley Interscience Publication, 1998, 7:
residual fiber birefringence and temperature on the high- 198-295.
current performance of an interferometric fiber-optic current [13] Berry M V. Interpreting the anholonomy of coiled light [D].
sensor[C]//SPIE, 2009, 7356: 73560K. Britanin: Nature 1987, 326: 277-278.
[2] Bohnert K, Gabus P, Nehring J, et al. Temperature and [14] Wang Jiaxin, Yao Shouquan. Interference method for

measuring Verdet coefficient of twisted fiber rings [J]. J
Shanghai University (Natural Science Edition), 2007,13(2):
121-124. (in Chinese)

FNHT, Wk L OGLE I Verdet R H0W T I
[J]. bV R228 40 (A R B4 M), 2007,13(2): 121-124.

PDF #% ffi ™' "pdfFactory Pro" & &4 # *F www.pdffactory.com



http://www.pdffactory.com

