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Analysis of vibration error in FOG due to fiber
tail length asymmetry
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(College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract: Improving the precision of fiber optic gyroscope (FOG) in vibration environment is important
in the application of FOG. Current research on reducing FOG vibration error are mainly concentrate on
improving FOG mechanical structure and reinforcing fiber coil. However, fiber tail length asymmetry also
has been demonstrated an important reason which can affect the vibration error of FOG. Firstly, the basic
theory of phase shift of FOG caused by elastic -optic effect due to vibration was introduced. Then the
length of fiber tail on the left and right asymmetry was shown to be the reason of nonreciprocal phase
shift in the condition of vibration. Theoretical formula between the length difference of fiber tail in two
directions and the output error of gyroscope was derived. Finally, simulations were performed to show the
relationship between fiber tail length asymmetry and FOG output error.

Key words: tail length; asymmetry; FOG; vibration error

s HHE.2012-06-12; f&iT H#J.2012-07-13

BEE£TB . HR AR IE 4 (61001154) ; M5 /R B TR K2 vh g 3 i 3L AR BRIF b 45 3% £ 30 3% 4> (HEUCF110431, HEUCF041202)

YEE A K B NI(1981-), 55 , Al 4z , B2 S0, B, 3232 NS moRE B OGAFRE g R S0 AL A SR T A AT
Email:zhangyg@hrbeu.edu.cn



mailto:Email:zhangyg@hrbeu.edu.cn

%244

TR WA R AR R AT AR B0 AT SRR B R £ AT 477

0 5] &

JEEF Be SR T iz sh s A4 AU AR, & — o Al
L FEASFE IR A RBUN s i s
NI /R UL i ) W 2595, A 13l 1N s
ARG A FAB M AR SGEFREIR N T T AR
B R 1) S ) 8 — 2 AL AR ) % S £ B R 5
M, YGET PEBRYR o) & 80U R 25, R S bR Ry
F PR O BESE TR A M R IR e
W2 (0 B S 4 P RN IR 20 B DG AT o B A 1R 2
X R GET PR IR MR B AR . 3% 3CEk[2]
OIMTTOREF KB | X E AR RS PR o S F T i
RN 1R 25 1 G FR 3 275 SCHR[3145 tH T 3 i DU A Xof
FRBEE AUl /N ILAR IR 2 % B B R RE A S R 5 235 5C
ik [4178 UE T 20 B -1 2808 41 X PA) 28 0 £F P MR 9 sl iR
ZEMYRE R 3 275 SCHR[5148 78 1T LIRS g XF E B 5 AH
AT

SC R TG T B R 0 ER RS AR R g Y R
SRR TORER th TR 8 T S 80N OB RN | 7E
Vb fl bk — 254387 T 7R Sl ARG £F B I i i AR
M4 R SO AR KEZ AR
HEERT R TR B 0 1 BT S BN RS IR S iR 22, RS
i Matlab X3 B i sl i 22 647 T H

1 SEZFIRIRB X Pe 2R 7 Y2 i

1.1 SESE M

M40 Ty SR S AE T s A A AR B, g
R IT I 8 A AR AL, S BT S B, X R 4 )
RN  FEIRBN IR T R A e 32 3
AT B N AP, 320K 235 1S A L 1Y) 10z 28 1 -5
BOGE YT IR A L, JCEFBE IR A BT B PR G £F
R 1l [P T, B 2T ) o S T
R RS &,y Z I R AR,

a1 [YE -wE -wE o o0 o |
| |-wE 1E -wE 0 0 0 |9
& | |-wE -wE UVE 0 0 0 | o W
Y, 0 0 0 1/G 0 0 |
y, 0 0 0 0 1GO |,
” 0 0 0 0 0G|

X0, (i=1,2,3) KR 3N IES T W W IEL T 5 7 (i=1,
2,3)% R 3N IEZ T M WP 77 5 6,(1=1,2,3) KR 3
ANIESZTT 10 BZR RS 5y, (i=1,2,3) s 3 N IEALTT
] (4 U) g 7A% 5 E R MR i 5 G R B ) 3 A5
iy u RARAL

JCAFAESRBIEOL S, A% IH] A4 AE B4R AT 43
fif R KR ) Py AR BN J) Py W IGEF il i) A ST B
bR R IE 1R, H P, 3 H TSP 7
W], Py PAT TSy ), WDGEF i 32 K F 1
o, =Py, T E W /] 0,=P,, ¥ HACABI A K (1) AT 15 .

81
g, I -wE -wE O 0 O Pn
-wE VE -wW/E O 0 O P,
%| |-wE -wE 1E 0 0 0 |0 |
vy | 0 0 0 UG 0 0|0
0 0 0 0 1/G 0 ||0
0 0o o 0 owello
Y
Pn-P,w)/E
(Po-Pri)/E
(Ph"'(F:v)M/E )
0
0
P,
P tl"-.l -
= :\1.«” _::;ka
Pl X
> P
P 1 SGEF i A2 1 g J B 1]
Fig.1 Principle diagram of fiber under stress
Xt T 4% 1] [RPE A RE, A R 56 &9,
AB, B,-B, Py, P, P, 0 0 0} &
AB, B,-B, P PuPp 0 0 0] g
AB; _ B;-B, _ P Pe Pu 0 0 0| g 3)
AB, B, o 0 0 Py O O
ABs B; 0 0 0 0 Py O
ABg Bs 0 0 0 0 O Py




478 sroh gk A2

% 42 A

ﬁ*:%z%@wpmmanﬁﬁﬁgﬁgaﬁﬁm
TB B R, FRA I B 6, e, Tt
SRS 3 oM G LN IS L (B LT A2
IR % 9 0, U AB=B,-B, =+ -1

°T(Ani-n) 7 °
XFA () HEAT — By 2% 4y i I vl 3z {45 3] .
AB~-2 An(i=1,2,3) (4)
n

A AB R AN B B L R AN AR AL A Any 3R
AP R R B A (2)~(4) AT A%

An] PV(Plll‘L_Plz(l_M))_Ph(Pll —2P12I.L)
Anz Ph(P]_]_}L—Plz(l—,UV))—PV(Pn —2P12l_L)
Ang | ? (PrtP)(Pup-Pr(1-w))
=0 (5)
An, | 2E 0
Ans 0
Ang 0

282X (5) 2 W24 56 28 2 31 K - 1 9 A2 11 )
P I 2 S B 2F R RIS 1, B 2 Xy 7 T
NI E G
1.2 RPFEIRHETSMAS

BYR R IERE . MUK A RO o B
ER K BER L EIGET 5 7 A A 25 AL R
=20l oL LT A K BE 5 4R

SRS T A AT SR B n YR E L AR, Kk
FATH AR 0 Lo AR A DU A
A¢:(2T“n)AL+(2T“L)An (6)

Hr
AL= gL =—(P,+P,) uL/E @)
FER R YCE Ot — M BV 18 B A T AL 35,
X AR S R R OE IR B 5 N i E A, BV
HE L ey, 0 Ae = H AL A1 Ang LR VEH
e, FmECL O —KERTT Al KA (B) (7)) 1R
AN (6) A1 .
A¢=(2T“nL)83+(2T“L)An1=

3
- 208l (pep)+ AL L.

(Py(Pup~P1(1-w)) = Pr(P1u=-2Pu)) (8)
e 2 (8) Kl 1 /K - B g RN N 5 B R

AR5y MRS (1 B B

TE = — RO R TP 5 xy .23 OLEr
R, X B RL z T DL AR SO TS X & i
TxERRVE, x Bl Ly BT 1 C LRI A Sz BT
KWL, SCEF R IR SRR B B2 A, 2O BRG]
Trk AR O RE HARFR RN, N
Lo B, SCH RO AR 36 E45 i 2 BT et
R J5 3 A4~ 75 1) (9 1E 5% 4% 3 B4 3 1 1 78 56 25 36 4%
s A AR TR 20 Psin (wt) ), Horp P R OR IR 3)
L1 B BRAE , w R IR SN B f R, i TR AT
JE ARG ER A2 B L ) Pk 3 ) AT 220 AN
T o AEIGEF FE RS B il £ 2k A o 5 1 A B £ Tk 0T
PSR E Y BRSSO ESGRKREZ
IR I AR A5, 5 MU 1 55 390 1 - 1) e 4 8 A 2 22
o a, WO ' B 3K Ol £F BRIk B DI 7 B4 )R] 22
AAHTE XA 2 B E S MR 7 el 2
Jios G B SR EE R L, U 3 — A A A A

a%mwﬁ%ﬁmwmﬁgijﬁ,@wﬁ%ﬁ
] t,,, =1/ct, o T AR B0 ) 76 27 3R 4% 4

B S35 KT T L 4 0 8 W 7 IR A 2%
PR3 SR T 25 81 0 1 0 0 59 RS

&l 2 JeEF 3R R

Fig.2 Schematic diagram of fiber coil

JEET B IR 32 BN HR B AT o0 o LT =R o

(1) ¥ z il 1 IR 3h

T z Bl GRS O YCEH 52 B3R BV TR
ey, KSR 97 % B P=P,Py=0, fRA AR (8) 1175

3
Agi=- 2Bl p+ TOAL P (P u-Po(1- 1) =KPAI, 1

3 N
K== 2T+ T (P pu—pPy(1-w), 861 2P

HAT R A4S



%244

KB R R A KR AT AR B8 0k o R IR B IR £ 5 AT 479

o=KP | sin(w(t+L‘éJ))-sin(w(t+%))dl=
P

4cK

s Wa oy WL wa , wL
sm(f)sm(f)cos(vvt+f+f) (9)

m$ggﬁggm%mi,aﬁ«»ﬂmﬁﬁ
ﬂgﬁwmw+%4%%L#E%m%%@ﬁ5
AR R K B R S R AR SR &

T MR o AT M WAy . W A 7 1

kP | sin(w(t+L‘(';J))d| 139 17 1] 9 K, -

j sin(w(t+(|;7))dlo W a=0 i, 122 (9) AT 14 5
7 A TSRS T BL 5 2R 365 % a0
I 68 37— B 2 I s simue+ =10

sin(w(t+|‘c;|))+cos(w(t+|‘C;|))V\é—a B A AN 3R (9)

T i o~ KP | cos(w(tr E=1)) Wadi g i i

N A3 B 5 A AR B B MRS AT SR A B AR 4 T X
y b e B S LT 1 AT 5 =2 25

(2) W x Bl 1) 41 30

X Al i S A LT 6 £ 3Z B K R
(5, 3 BN S o B Py=0, Py=P , ¥ K I 11
BB US L2 m , W] P =Pcos(I/R), 18 A2 2 (8)
i,

—_2mnAlu _an®Al
Ao, \E Pcos(I/R) \E Pcos(I/R)

(Pu—2Ppu)=K,Pcos(I/R)Al

. 3 .
SN KZ:_%"' KE (Pu-2Ppu), HTHEASLEFER
AT TG

L

0 =K,P l sin(w(t+'-‘éi))005(g7)—

sin(w(t+%))cos(F'T)d|=

2 o Lowh oo wa L
— R +
w1 sm(2R 2 )sin( 2 2R )cos(wt
c R
% M 2 I L_% I M_L .
2c oo w1 9GRS 2R
c R
wL | wa
+—+ = 1
cos(wt e o ) (10)

MAF(L0) AT LAE Y, Y w fil a &A= AR LR, X
5.5 MRS () S ma vl Z 8 AT, BT x il 1) i 4
Xt z SR SR 2 R /N

(3) ¥y il 1w 41 5l

Wy il R Bh I DR YR AR AN 37 B KSR Y
R RN SN E B P,=0,P=P R AKSE R )

%ﬂ%%ﬁﬁmﬂwemm%mﬁA®ﬁ®¢%:

—_2mnAly peo 1 y_ wn*Al
Ag; \E Psm(R ) \E

Psin(F'T)(Pu-zpw):Kgpsin(F'T)Al
Hirpr K=Ky, WAL IRl AT B v 1

©=KP l sin(w(t+L‘Cﬁ))sin(F'7)-

sin(w(t+(|:—))sin(|__|€—)dlz

2
+

Wi L
73_7).

o L wL
w1 (gt pe )85 2R
¢ 'R

2
w_1

c R

wL , wa
+ 0= 4 WAy
cos(wt e 2C)

1 L_% .
sin( o =50 )

wa L wL | wa
cos( 2 + R )cos(wt+ 2 + 2 ) (11)

MAK QL) FTLVE 1, Y w il a kA AS AL X
B 5y AR (52 e AT Z 8 AT, RIS y Sl ) i i
Xt z FHI IR SR 2ZE R /N

DL 25 1 T 3 AN IE 32 J7 Ia) R Bl i 43 ) 5 B0
2 WOCA P AR B S X 3 MR E S RSN
BRI 25 AR S AR N, ZE A ik S B 4F 5Ok eF
WY R LF K 2 AURAZERT z o 3 Ak B2 5
HHRS o [FJ B AT A x BlRT y BhOCEF SR AR B A RS
1.3 FESH

FE M B0 LS50 P 3K A=1.55%10° m; 3
PERLIE E=7x10" Pa; JAFA b w=0.17 ; JL&F 47 4 2 n=
0.456 ; L2 53# ¢=3.0x10°8 m/s; 3% 22 %% P,=0.121,
P,=0.270; 47 B K JiE L=1 000 m ; 4/ 3l i {8 F1 45 %
& A=19,f=60 Hz; C4F A H 42 D=0.14 m, MK A
[F] A AN X Ak BE X A B 5 AR R s e, 47 2 430
BE T RO [ R X R, 2351 @,=0.02 m,
a,=0.04 m,a;=0.06 m,a,=0.08 m,a;=0.10 m, # ¥z i%
BT B S BN A (9)~ (A1) B kAT 05 B IR



480 sroh gk A2

% 42 A

@ﬂﬁ@ﬂ&ﬁgjmﬁz&%uﬁ&ﬁ? B, g i L g 11

AR inE3~5 Fis,

b.Es T | K| e ——

A AR/ L
G Bonst "‘I.l H" ﬁ S
: ~114100% | & J \__l .- J

—0Es

L} 02 .4 .0 (LOS TR ]

Time/s
& 3 9 z bl i) iR 3 S BOBIRER 5 KR EZ R ER
Fig.3 Relationship between FOG drift and fiber tail
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