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Research on dead zone of closed-loop fiber optic gyroscope and

optic power crosstalk error
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Abstract: The dead zone has severely influenced the application of the digital closed-loop fiber
optic gyroscope (DCFOG) in high performance inertial navigation system. A mathematic model
focusing on feedback related interence was established to analyze the dead zone in fiber optic
gyroscope and was verified through FOG dead zone measurement of its simulation data by sim-
ulink. Based on this, an optical power interference model was proposed, and the frequency
characteristic of the interference source analyzed and compared to the optic power affected.
Further, an interfer suppressed PCB layout shows a much less coupling and dead zone. All
measurement shows that the feedback phase step signal dependent error is the primary cause of
the dead zone;besides the electric crosstalk,the phase step dependent modulation of optic pow-
er can also bring error to gyro signal processing and cause dead zone. After the targeted design
of decoupling and error modulation, the dead band reduces from 0. 2°/h to 0. 02°/h, which
meets the requirements of the application.
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Fig. 1  Schematic of FOG control model with feedback
related interference
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Fig. 2 Comparison of dead band simulation and

measurement
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Fig. 3 Path of feedback interference
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Fig. 4 Feedback split in time domain



NS 2016,37(6)  JE

JEL 2 - PR PR G 2T FE MR E IX K e Ty A4 S 4 i 22 B AT 50 « 951 -

155 9 103 0 BT 5

Quriangle (Z)— E A Q2T (14)
5 ﬁﬁ_ﬁ&¢w7%ﬁ
golp(z)* T(t—mo)  m IR (15)
V13 5 10 457 0 T
fun (D= 3 B, (16)
AORA 6 R w0 KRR A, Ty 5 (i 3¢

AT B AR R B 9 IR T B SR AR AE R
1/ 204 Wi I 1 2R 88

BT LRSI i 2 WY BRI L TH BT B Y B B
ARMR R (B 32 55 HAEL (9 52 158 I A D AH G o B4 S 151
Jo 391 S o AR 07 2 5 T B9 M R 5 B T e e
A ERERARAE . BRSSO — AN IE s R
BT R e« AT T A TEE N . IE T BLAY
AR P = P = P I REVE

P € E puen a7
S 4 200 4 6 B 50 T 2
P ()= ; [P Pus]| 85
(18)
Krp 6 g HAE o iy bR K
P T I R AR 82 B 1] R AT 5 e IE BUEE
S IHE R A A RS T R L N F L L (13)

A D (18) 2 Af Ji1 B 5 S 1wt B 6 i 1) = 2L g
A TP T S A AR R A AR IR AR 5 AR R
LM AL 3o oR BOKE B0 AR A0 1) R R L T R R R AL
390 PRES I 25 7 AR A TS ) = O B Ay . T
P A% 356 R B0 S B 0 M X 25 B O A ) i R
VLTI T3 125 0 2 o (B8 YR AR AIE 000 258 1) 45 40 6 |
WIRAETE TR RE . M RE TP iR 22 M 72 7E, (il
FHBI S A7 76 FE DX 2 780 42 550 57 A 25 % 2F Be U
AT TR, KBS il s R

i'tfufr'tf%ﬁs}

| o |—|$m{.>%%

|taw,a|—

it & 'Fil D> WA

=

]

B 5

RO %

FREHRENXTEE

Fig. 5

PR AIE T A 38 T O — B R D S 5t F B A LA

[#] 5 23 1 B A U T B A AR TR AR O X4 A B

FEOR 42 8 ) 0RO B TR I R I S 0 L S

i G 0 e FH A Bk ST ) L B AT . A AR S )

TR0 A FH e o OB A% B BR L OG R E . AR AE

FEX TR A R LR 1.6 6 h He KL X
O3 TR N T AT AT A A A A

1520 ke it "

“ISAE R
-156} v

—158-
-160}
-162}

—-164}
166}

:132:JJMWTTTTT

1 3 5 7 0 111315 17 19 21 23 25 27
AR 45 1 IR UCRK

B 6 FFaEBENLRATHRERNE)ERE

Optic power spectrum with feedback modulation error
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Fig. 6

Schematic of optic power modulation error measurement
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Table 1 Measured optic power interference at harmonic fre-

quency of FOG
ARAEAFORAE AR S, PR /dBm AAESH A5 & 1% /dBm

1 —170.010 14 —155.013
2 —167. 334 15 —168.129
3 —170.008 16 —155. 280
4 —164. 968 17 —167.813
5 —168.726 18 —157.473
6 —160. 492 19 —168.782
7 —169.509 20 —161.937
8 —160. 103 21 —166. 636
9 —167. 286 22 —155.719
10 —156. 309 23 —167.453
11 —168. 422 24 —154. 894
12 —155. 001 25 —167.054
13 —167.630 26 —153.515
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Fig. 7 Optic power spectrum with suppressed feedback
modulation error
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Table 2 Measured optic power interference at harmonic fre-

quency of FOG (after suppression)
AAESMEAEI S P2 /dBm AAEST RGN A 2% /dBm

1 15 F JiE I 14 —167.179
) 15 F JiE I 15 —170. 192
3 15 T i 14 16 —170.129
1 —167.098 17 —170. 002
5 —170. 640 18 —170. 371
6 —168. 393 19 —169. 595
7 —169. 307 20 I F IR M
8 —162. 821 21 1% F i Mg
9 —167. 286 22 % F i Mg

10 —162. 024 23 % F i Mg

11 —170. 002 24 I F I

12 —170. 001 25 I T IR e

13 —169. 992 26 1% F I 1
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Fig. 8 Optic power modulation measurement u-

sing spectrum analyzer
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Fig. 9 Dead zone wih and without error suppression
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