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Magnetic Sensitivity Studies of Fiber Optic Gyroscope in Direct
Current and Alternating Current Magnetic Fields
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Abstract The mechanism of the magnetic sensitivity of fiber optic gyroscope (FOG) is introduced and experimental
study is done. The Helmholtz coils equipment and FOG test platform is utilized, the magnetic sensitivity of FOG in
direct current (DC) magnetic field is studied, and the linear relation of FOG data output and the magnetic flux density
is found. Axial magnetic field and radial magnetic field influence coefficients and the orientation of the magnetic
sensitivity axis of FOG are also found. Then the influence on FOG bias and bias stability and the alternating current
(AC) magnetic field sensitivity in 50 Hz AC magnetic field are mainly analyzed, finding that the influence of AC
magnetic field on the bias can be neglected, but the magnetic flux density and the size of FOG bias stability are almost
linear relation. Finally the influence of different frequency AC magnetic fields on the FOG data output is studied,
indicating that the data output of FOG is mainly proportional to the transient magnetic flux density, different
frequency AC magnetic fields have different influences on the bias of FOG. There is a frequency (or frequency range)
with much stronger influence on the bias of FOG, which is related to FOG output bandwidth.

Key words fiber optics; fiber optic gyroscope (FOG); magnetic sensitivity; Faraday effect; Helmholtz coil

OCIS codes 060.2800; 160.3820; 230.2240; 220.4840

1 8 = 5 AT 10— 390 B B R 3 A 7

S LF I (FOG I Yy T 3 0 4 A i, B USROS TR . T B A 3 U 1 4 O
45T BV S A T e o B BR B R R EBAE L S IR ER Z — IR LF
FEh A LA RN RS AR A S, B 1976 BE AR TR RETE R 1Y B S S0, AR SO I 92 0 I i = 4
UL 00F 30 AR R A T ko XA (R A RS9 FLR (DO RIS

i B 2012-04-06; BB R B : 2012-05-30
TEEE N I BR1987—) B A LT A . 32 B NG AT e SR A R I 55 43 B B R 48 T I AF 9T .

E-mail: tansystorm@ yahoo. com. cn

SImEA: X ZEA962—), B AL BB BN GOCLT BOR BRI RS BT S )5 m R . E-mail: lijun@126. com

0905006-1



H |

# ot

CAC) BLUR R 77 A2 B S R85 20 B 7™ A= 8 T3 W
Y 5 5L W WA TR R A s I 0E — 2B A 5206 47 B 12
TE LR 3 LA B S8 4 W 3 1) 1 B0 » 0 A B
1391 45 58 AL Wl S % 6 2 BE SR A AS [R5 0 o DA i B 5
JCET B BR 1 i 370 U

2 JGET B AR L U AL B

FEEF g B2 A JE A J5 PR L T Sagnac RN,
Sagnac RN & AEFE G I b, 25 PG O B AR
TR MRS e it i SR eF pp i b A — A
F L JIE P Y Sagnac M. SR T . Sagnac &L
FEARIE LT PR IR ME — Y3 5. 5 VE A RS BEOG I B2
RN AL R G £F BE MR Y F2 B AR B G AN 2 —
WFFE ' 21 Bt W 1 B A X 2 125 D' 27 B MRS i R
KEXL.

il 10 B RO R 2 2 i iR O L Ak T R
YE N 8933 B A T i . 2R Bk O 09 R PR A 2 R AR
ik RREE R AR — RO R . h TR
N L 55 R0 7 A R A S e w TE BE T A IR
H.[ w=VH, WO REV (GEREHHO 548
B ASICBAA 56 BH G™ AE 9 9k B 5 e e 5
Y 0 5 B M [ #H G

O £T B MR ' 12 L 55 2800 ) AR o @ A D D £F B
BHURS RO AR ERGIERTIIA 1M EE S
P B8BTS 18 RUAT 5 52 56 4% i O 1) 1 5% 0 - &
INE S 27 35 v i [ A BT G 15 B AR £ 3R
g P A — AR B G ML 22 B T X — IR ZE Tk
5 GEF PE SR Y Sagnac 00 X 43 PRI 7™ AR 3 005 8
PR 2% . AR DR AR DG LT BE B AF b OR 5 06 I AT 1 D
B AR FORLFfr il FG AR I LE ) i A b e A LR
1 Y 21 B R 5 500 1R 25 N W] RE D & R I O £
B WA AN T R A b £ 7 1 SRR

3 A HE ML E D R

o BIF 586 T B R 1) R B A SRR T =
TETT 0 2 W e 25 4k Pl e A i — > = 38 STk
B L. iz L et — Xt A R Y L3k
R B AT R A SR NI 2R 1 4 el 4
R R EA 6 DHESL HESE b I 2R
R HEZR e e G . B M HESR O — A1 L B AL A
ST R A T LR S A 2R L ELE T R
OB oy B = 4E T A 5] 3R G

E Pt 2 i S T T R T
A HA LI B I A M Y 50 SR G B T RE R o T

Bl 1 =4tz g 2E R B

Fig. 1 3D Helmholtz coil
it A AT Ik B 3 R S BT G 3 X DG 2T BE MRS e 1) i
P BB SEER 4 B B TR =B i —6~6 A
(9 BLI LI A 0~3 A 19 50 Hz 3¢ i i it i 48 Pl 7=
A B RGN L DL IR 2 AL 3.

o0 .

av —— X axis

1o -&- y axis

101 - 2z axis
=

J
864‘%2465

9,
=ayu

DC current /A

Magnetic flux intensity /(10 T)

B2 E S N R G R
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Fig.5 No. 2 FOG bias test data

0O -

-10 5 0 5 10 T raxs
2 -&- y axis

—4 —— 2 axis

6

" lype=0.305B-10.09
-8 .
PC=_(.037B2°-10.10

No.3 FOG bias /[(°)/h]

—J24
T R=0.252B% 110.06

DC magnetic flux intensity /(10 T)

B 6 3 5ot i 82 i ik K di
Fig. 6 No. 3 FOG bias test data

ML 62T B SR I B AT 45 31 - 1D G2 PR IR X)
1039 WU AR R T G Ul 20 g RN R E S
JEET B IR B (B B RE R R D BN
G RV 1 Rl 3D T4l 1 i 7 (I TG 41 3657 T
1 37 R XF ' 2 b 88 A W I 52 1) 5% 1) R 55 [A]— o
G d) SCLF PR OB T o Ly 2 TG
JER BRI, B 1,23 5 P 42 A R A5
K 5 1) 43 9l R 28 ] Ak A (0. 134, —0. 005, 1. 333) .
(—0.073,—0.399, —0. 028), (0. 252, — 0. 037,
0. 305) (19 J5 1] » P 1A [i] B 2R ) 0 0 g 1) AS [
4.2 ZimuEipHIBIR

JGEF PR MR Y S5 PR CAE BREE J2 &2 J 1, bR 1 ML Bk
WG W T30 30 45 22 B v 3 A% 8 0 IR 03 1 )
THE B T G £T B R 1 5 I R S G R
HA+EEME L. | THFR&N &S T
B4 A SO R S AT RS Bl L
S REAR = Bl % 37 B RE e v s A T 0 2 RN AR )
B B LA 15 B R 552 36 50 o 49 LA 43 A i
B R 50 Hz | #E78 IE & 45 0 37 2 e Ik v 0 75
SREMR B LESO Hz g A8 0 37 vh i) % s B8 CIL L 7D
PLRCH: = Bl A (LA ),

& 7 FE 8 Edls 43 A Al 1, 50 Haz 5848 37 %F
JCET B WA g 52 6] 43 B/ CHSCHR 17 O 2 32 20

-22.007 T —— 2 axis
_992.950 2 4 6 8 10

-22.50+
—992.75+ —i— 2 axis

i

= -23.00- A

3 o325, PAO-0.012B°-2341
2 _93. 50‘%
S Wio=—0.021B°~23.46
¥AC=0,006B:°-23.53

-~ y axis

AC magnetic flux intensity /(10 T)

& 7 JGLFPRIRTE 50 Hz 224213 v ity % fwi
Fig. 7 Bias of FOG in 50 Hz AC magnetic field

0905006-3



i &

# ot

FOCLF B R AT A B0 kS (9 T 58 B A% 5 1R 22 . T B
T RSO 56 P PR3 o LA B AR A AR

— 11
=107

/h

| 5°=1.017B2°+0.559

No.1 FOG bias stability /[(
O~ W T 1 ® D

0 2 " 6 8 10

AC magnetic flux intensity /(10 T)

B8 LR REAE 50 He A0 50 o 19 25 158
Fig. 8 Bias stability of FOG in 50 Hz AC magnetic field

X — PR U5 W] S W %k G 2T B M ) KA e 1
JEA Y . ARG AT B IR i A A A [
JERL T 2 o 2 i ACIRZS T A P S X
TFIEZ AR T 2240 F A i b (B (DR FE A A
AR I LA — B D0 AT L 220 S8 O 1 o 0 PR IR
i B B2 00 o T 2 T B R AR A e R R 2 5 2 L
Y 5 I e 0 % DI 2T 8 R K00 i % L 140 2 Wt B AR 22
eI,
4.3 TEINE I F L7 X S 4 Pe SR B9 &

it — 28 73 B o6 2T B 2 58 U 1 0  AURR A L F
FE S UL B S X O 2T W R K i £ 6L 79532 0 B
-12346.342 -

—-12700.000 -
—-12800.000 -
—-12900.000 -
-13000.000 -
-13100.000 -
—-13200.000 -
-13300.000 -
-13400.000 -
-13500.000 -
-13669.902 -* g " " " " y
1 21 41 61 81 101 121

141 161 181 201 221 241 261

SRR AR X AN [ B 26 58 I 3 T 1 DG £ B R
BAEPEAT I . SEI R ] EP2500 B 2 R 50K 2% F
2B e B 0, 1~ 100 Hz 8RS T 1627 b
W S L T 9 10 43k 1A AT PR IR < ihiAE
10 Hz 5 25 Hz MAHR 3C 045 T 1 i 55080

t & 9 FE 10 Ha] LUA H . B 2T P I8 i i i 40
T Bt 25 22 W 3 114 75 A 52 E 5% U5 TR 2 1 B A2 1k
(X B2 B L2 B R 30T 00 16 9% I 4 56 F & b X A
(T 2502 H T BE 80 i A5 5 1R 705 5 A D HoAth
S 1) B A, S 3 A TRD 0 AR B B s R
FH A8 I 1 1 0 8 T e L ) o 2 ) B R 1 SR
FES R TG 5 Z A DG AE ™ . 33X 36 W6 £F g 02 50 4
A 32 B2 5 RS 1 #G 3% JE CR D B IE HE S 2
X B % IO R B A A ) S R )

R 9 FE 10w £F P 8 i b 5 B
S22 AT A i Sy ok o B 1) R e T I 6T FRL B R ) (A F
G JRR N (R 45 SR L R AT T BT RE 26 6 5 e B 19 00
SEHG T H O R o0 i T ) R I LA 1)
S e th Ze an 1 11 s

PR 11 3 W H: 5 e 18 T IG5 3 0 1 1 5 s
HAET  HOGER b SR 0 i 10 B A5 3 T — o R
Rk S (3 5 PR MR AT 2 ANl vt 1 3 358 o RO L X I
UE T &9 FHE 10w i b A 2 R T A A
Gkt i 1 5 1

281 300

K9 10 Hz W mEY T Wk b B
Fig. 9 Export data in 10 Hz AC magnetic field

-9283.378-

-10000.000-
—-11000.000-
—-12000.000-
—-13000.000-
-14000.000~
-15000.000-
-16000.000

-16837.512- " g " g " '
1 21 41 61 81 101 121

141 161 181 201 221 241 261 281 300

& 10 25 Hz 22 Ji i3~ i % i s
Fig. 10 Export data in 25Hz AC magnetic field

K12 25t 7 G EF BEIRAE AN [R) AR | S 0 5 2
TR I S e h R e . i T OEEFRE IR — b

0 L SRS 5 1 RO A 0 E A 0 15
B T AL R BRI T 2.5 ms 13

0905006-4



WA

T e MR IR % 5878 W 0 v Y B U R E

-14.47- " " . ' ' "
-16 -14 -12 -10 -8 -6 -4 -

0 2 4 6 8

10 12 14 16

1T 3 5 B i 14 0 e W %
Fig. 11 Magnetic shielding curves of No. 3 FOG bias

No.1 FOG bias stability /[(°)/h]

0
0 10 20 30 40 50 60 70 80 90 100 110
AC magnetic flux intensity /(10 T)

P 12 Y2 I B AR [ 505 5 0 7 i 1
Fig. 12 Bias stability in different AC magnetic fields
AL IR — B X 02 B AR B g 1Y, B B
WER ) B L AR T B MR Y SR R A SR AR T LT
— 2 o [] P B MR i 326 ke 1 B A 1 340 1 A 3RS 1w 0
TR S R A B R AR SEEG Ty 10 ms,,

2 LAl L A [R5 | SR N iR E A () 1% 52 i
Gkt G £ B MR 1) Z i 1 52 e AR /)N 78 58 56 43 A o Al
DA Z0 W AN T 5 AEAS [] 30 58 58 Y 1 37 % G 1 PR IR & TR
{EL PR 52 W) A [) s 47 7E — A 390 288 (a0 8510 D X6 6 2F
i R 5 T 11 5 M A O LA 3 L 5 016 2F o W i o
WA K

5 4 e

e FREOCTE P RN B EH A TR IR
EE A AL P R RURE. D b T =4
1E T T8 2 0 7 2% 28 Vel 7 A 1 L O 0 A8 T 20 5 3 A
B R H RN SRR, 2) PR T OGABEI2E H
Tt B 3 v ) R SRR L 15 B JER N 5 B 5 O £ g R
RO i B B 2 M S R R SO i 1 T el DL SO [
T [ 85 X5 4% 1] 1 37 F0 il 1] 4 37 1) BIOIRR RS 25 R 8K
Ko 3) A T LT PE MR TE 58 I 1 3 0 55 9 b
TRl R 5 1) 32 3t R S % Al L 5 i AR /)N o 7E 5K
3543 B AT DL 20w S o, H g R N o B R
BRI R/NFEARE LML R, 4) R T ARFRRLR
1 7 % G 1 B B8y 1 A 2 ), 10 BT O £F B R A e

B T B W A Y G R 8 R I LU AN [ 9 R AL
UL S X8 DI 2T B R 2 B {EL 19 52 0 AN (] o A7 A — > A3
R CHUI ARG FED X ' 21 B MR B MR 2 5 44 52 i 50K
LAY ] -5 6 27 BE SR R i Hh R AT O . i
Mt e £ B R Y B IAL 0 S AL 1 30 il SRR L Ol 4 )
FEW/ NG LT BE R B B OB AL Ok SR T —E W
2%,

& & X #t

1 E. Udd, H. C. Lefevre, K. Hotate. Fiber optic gyros: 20th
anniversary conference[ C]. SPIE, 1996, 2837 1

2 V. Vali, R. W. Shorthill. Fiber ring interferometer[ J]. Appl.
Opt. , 1976, 15(5); 1099~1100

3 Wang Xiaxiao, Song Ningfang, Zhang Chunxi et al.. Experiment
study on magnet sensitivity of fiber optic gyro[J]. Journal of
Beijing University of Aeronautics and Astronautics, 2005,
31(10): 1116~1120
TR RETT, KEH L. G b R U s B[]
b FALE AR K AR, 2005, 31(10): 1116~1120

4 Wang Wei. Interferometric Fiber Optic Gyroscope Techology
[M]. Beijing: Chinese Astronautics Press, 2010. 170~185
T TWESEA IR AR LM, dbat: dE 5 A
2010. 170~185

5 Li Jian, Ning Tigang. Research on the drift of optical fiber gyro
due to Faraday effect[J]. J. Optoelectronics « Laser, 2007,
18(4): 400~403
22 R, CTIRE. T W AL e R b #EO8 Faraday R0 9 B 58
[J]. JbF ek, 2007, 18(4) : 400~403

6 K. Hotate, K. Tabe. Drift of an optical {iber gyroscope caused
by the Faraday effect: experiment[]J]. J. Lightwave Technol. .
1987, 5(7): 997~1001

7 R. A. Bergh, H. C. Lefever, H. J.
fiber-optic gyroscopes[J]. J. Lightwave Technol. , 1984, 2(2):
91~107

8 Kuang Xiangjun. Magnetic field of square current-carrying coil
[J1. Phys. & Engng., 2006, 16(1); 19~25
IR, TG A B R = R @i L] s T, 2006,
16(1). 19~25

9 Zhang Dengwei, Mou Xudong, Shu Xiaowu et al.. Theory study

Shaw. An overview of

on axial magnetic acing on fiber-optic depolarized gyros[J]. Acta
Photonica Sinica, 2005, 34(10) . 1561~1564
KRB BRI, FFRERR S, FR OB ET B B Al 1 3 ) A 3 IS
Wroe[J]. &F 3k, 2005, 34(10): 1561~1564

10 K. Bohm, K. Petermann, E. Weidel. Sensitivity of a fiber-optic
gyroscope to environmental magnetic fields [ J]. Opt. Lett. ,
1992, 7(4): 180~182

11 Hong Lingfei, Zhang Chunxi, Feng Lishuang et al.. Frequency

tracking and locking methods in resonator micro-optic gyro[ ] ].

0905006-5



H | # ot

Chinese J. Lasers, 2011, 38(9). 0905003 MR, Bk 0 BT R 2O A% B IR DR R 06 £ R 1 90°

dERIE, kAR W SF, IR HOGE R BRI B S B MHARZE R T]. R F R, 2010, 30(10) : 2864~2868

BARWFZELT]. E#E, 2011, 38(9): 0905003 13 Lin Huizu, Yao Qiong, Hu Yongming. Testing system of fiber
12 Lin Huizu, Yao Qiong, Hu Yongming. Study on 90° docking polarization coupling based on polarization maintaining structure

error control in polarization maintaining fiber resonator of [J]). Chinese J. Lasers, 2010, 37(7): 1794~1799

resonant fiber optic gyroscope[J]. Acta Optica Sinica ., 2010, MOEHL, Bk B SR, 2RSS R IR A K R &

30(10): 2864~2868 [J]. + @k, 2010, 37(7): 1794~1799

EERE AT 4

0905006-6



