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Study on 90° Docking Error Control in Polarization Maintaining Fiber
Resonator of Resonant Fiber Optic Gyroscope

Lin Huizu Yao Qiong Hu Yongming
(College of Optoelectronic Science and Engineering , National University of Defense Technology .
Changsha , Hunan 410073, China)

Abstract Polarization fluctuation in polarization maintaining fiber (PMF) resonator caused by cross-polarization
coupling is one of the major noise sources in resonant fiber optic gyroscope. Polarization axis 90° butt joint is an
effective way to overcome the polarization fluctuation, and the size of butt docking error has important effect on the
gyroscope noise suppression effects. The 90° butt joint error control of double-coupler PMF resonator based on
Mickelson white-light interfero meter is studied theoretically and obtains the interference formula of polarization
mode, and then the butt joint error degree. Finally, 90° docking error control in two-coupler PMF resonator is
studied in experiment, and the experimental butt joint error of 0.37° is obtained.

Key words fiber optics; resonant fiber optic gyroscope (R-FOG) ; polarization maintaining fiber (PMF) resonator;
polarization coupling; Michelson white-light interferometer
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Fig. 1 Structure of polarization coupling testing system based on white-light fiber Michelson interferometer
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Fig. 2 Structure of 90° butt joint in double-coupler

PMF resonator
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Fig. 4 Distribution of the wave train after projection

P 4 255 0 X6 7 B4 W R/ 2 )

E, = V/hy(1 —he)(—he)cos§KA,,
E, = V0 —=h)Q—he)hecos KA,
E, = VO —h)0—he)hecos KA,
E. = /(I —=h)(—ho) (I —he)sinfdKA,,

Es = Vhahy(1—he)sin 0 KA,.
X K & 2120t . Ac 8 A 91 4k
. B3R 5 ADPINHEA L sw H AT b e
MM ETYW R T EOE. BT ELMEZ
(] B Al T A 9 AR 2 A b RS e —
A~ 5312 18 B T P e Z T Y R/ B O AR L AE
MTEMESHBE TR WE S PR,

E, E, E E,
AAnL A A a
‘<—>‘
5 AppL3AnL, 1
A T A A__interference position 1
5 4 3 1
A T A A position 2
5 4 3 1
A T A A position 3
5 4 3 1
A T A A position 4
5 4 3 1
A T A A _
5 4 3 1 position 5

P 5 B Al 't 21 1 4 I i D't e AR G i

Fig. 5 Interference process of output 11ght of

PMF resonator

P S IR ik BE 2 ST R

I = K*AS [(1 —

hes Yhg o/ (1 — hey ) he cos Osin 0K Al y (Az — Anl, — AnL,

cos(kAz — kAnL, — kAnL, — kAnL )+ (1 —he)) (1 — he) /hy (1 — hy) cos @sin 0K* A% X

y(Az — AnL,

cos? OK* Aty (Az — AnL,)cos(kAz — kAnL, )+ (1 — he) (1
y(Az — AnL, ) cos(kAz — kAnL )+ (1 — he ) (1 —

— AnlL,)cos(kAzx — kAnL, — kAnL )+ (1 — h¢y)

(1 *hcz) (1 *ho)hcz ho X
- ho ) A/ (1 - /’l(v)h(‘? COS (951n 0K2 AZ X

hep) (1 — hy)sin® K2 Al y (Az)cos(BAz) ] . (D)

A yCax) G B AR R % d (D A5 3
By HINEA T Tt PS5 AR
T BT 3 BB A& 6 B o 43 506 BT AN [+) 4
i PR A 5 23 B 44> T S U A 3 L L M 9 i
5 Ot A A £ A 1) S L D 5 V) A 5C L a3 X 45 A
T AP P55 SR B A 23 B B AT A 2 254
A B AL BRI 5 5 R A S

o1& 6 Al AR R4 A T I e 22 19 R0 B
ATRARE] Ly Lo ALy B R/ CRAFHE A 010 AL

T80 T AR USRI i 4 AR 1 I W L R
Al hy

m :7;: / h cot 4,
AS 17}19 1 h(l
_ AL a ha

772 7A§ - h COt@,

o A% _ ho \/ hes 2
A Al _\/l—he l—h(gCOt b

o Ai o heo
Il N (2)




10 R A

PR G LT BE WA LR i 6 27 1 Jk I 907X 4 15 22 42 I WF 52 2867

AP ALALAL A NG BRI IR IR, ALl
A ERLAHRIE 2 0 [ i 38 T8 8 5T L
jkf% he 9}1(‘1 %ﬂ h(‘z E/‘Jj(/J\o ﬂé/l he /E/J\Hﬂ‘a‘ljl s T2 ﬂ:ﬂ

A
A3 A2

i AnL

2
|

I An(L,+L,)

‘ An(L+L)

l An(L,+L,+L,)

B 6 PR AR G LR I IR 5w IR HE & T I 1R
Fig. 6 Interference pattern of polarization

coupling in PMF resonator
7 BN R DL g AR P RONAE T IR B
R X T AR /N, R R X — SR B AT LA
XF 90X 425 B 1) 95 P8 #E AT I L S BN g s e

1.0 =

(a) X: 254

£ 08 vl

2

g

5 06

k=]

S

| 0.4

g

E 02 |

z X: 141 | X: 475

Y:0.02304 | | Y: 0.02243

| A T |

OO 100 200 300 400 500 600
Scan points

A s XN TP W 1) R/ s B AT LA B S A 18 90° %
A B S LAS/N PR 6 £F 5 B2 IL AT 90° #5 B2 B
TR SE 47 Xl iR 22 51 A/ 907 X 42 15 22, 2 i IR
i 6 £F R R i 1 1 R 2 T 4R R RE MRS B L D94 7
CHBGE MBI T B g 12 0] DLt 515
F T 90 % Hz iR 22 5 1 28 ARG R Ny

3 % iy

WE 2 frm 6 A AS H B BA & 140
JeH 2. 9% AR 2 /et 300, i TR AR /D
O3 6 L B SR G 2R 454, BT LR T 3 R SR T %
WO U5 R R ICR B & 58 56 (ASED SGIE it 245 4
L A KA (EDFA) K S 4l & 608, H 4
HERLIBITIE N 12.5 pm, i LR G £F 45 1
BLIEAT E2F izl 90°XoF 42 , 388 4 £ 48 9 45 . ] 4 X6f
Fend 90% % 22 5l kR 0 e IR 8 G 19 BT W B
7 () TR

1.0
®) X: 318
Y:1
Z 08
|7
5
,§ 0.6
B
N 04
=]
E an ‘
2 : X: 205 J‘ | X: 537
¥:0.01019 | | Y: 0.0173
0 ™1 M b ]
0 100 200 300 400 500 600
Scan points

B 7 90 X e m Bl A Mk 5 20 . () ARSI, (W) 305 ik 45

Fig. 7 Polarization coupling testing results of 90° butt joint. (a) Testing result using eyes, (b) testing

result after fine tuning
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