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Effect of Assembly Stress Symmetry of Interference Optical
Path on Shupe Error

Fan Yungiang , Huang Jixun, Li Jing
Beijing Aerospace Times Optical-Electronic Technology Co., Ltd., Beijing 100094, China

Abstract Shupe error is one of the major technical bottlenecks affecting the application of high-precision fiber-optic
gyroscopes (FOGs). To address the problem that the temperature performance of high-precision FOGs deteriorates
after the assembly and packaging of the optical path, this paper analyzed the temperature error of the FOG optical
path and revealed the effect of the assembly stress of the interference optical path on Shupe error. Temperature
errors caused by the assembly stress under different conditions were tested. Three initially installed FOGs with a
full-temperature zero-bias range of 0.11 (°)/h were chosen and the tail fibers of their fiber coils and Y-waveguides
were bonded in different fashions for different assembly stress symmetry. When the bonding length of the tail fibers
was 30 cm, the zero-bias ranges of the two FOGs with poor assembly stress symmetry became 0. 24 (°)/h and
0.43 (*)/h, signifying significant deterioration of FOG temperature performance. In contrast, the one with better
assembly stress symmetry became 0. 13 (°)/h, indicating no significant deterioration of FOG temperature
performance. The results show that poor assembly stress symmetry of the interference optical path could lead to
distinctive deterioration of FOG temperature performance. In addition, the deterioration degree is directly related to
the symmetry of assembly stress. More precisely, better assembly stress symmetry results in smaller deterioration.
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Fig. 1 Fiber optic gyro interference optical path diagram
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Table 1 Fiber coil parameter

Parameter Fiber length L /m  Diameter D /mm

Width A /mm

Height B /mm  Tail-fiber length /, /m

Value 1235 82

12. 8 7.3 1.5
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Fig. 3 Tail-fiber bonding state. (a) FOG 1; (b) FOG 2; (¢) FOG 3

0

10.0

©
©

©
®

FOG output /[(°)/h]
© ©
=) =

©
o

©
=

100 200 300 400
Time /(100 s)

K4 SLEFRER 1 2
Fig. 4 FOG 1 output curve

— =0 cm
— [,=10 cm

(=)

100 200 300 400
Time /(100 s)

5 JLEFREIR 2 i 2k
Fig. 5 FOG 2 output curve

10.0

—— =0 cm
9.9 —— ,=10cm
.......... 1,=20 cm

o
®

FOG output /[(°)/h]
©
BN

9.6 |
95
9.4
0 100 200 300 400
Time /(100 s)

6 JLLFBEIE 3 il 2k
Fig. 6 FOG 3 output curve

4 rp, SEEFREIE 1 R AT AS B AT L FE R 4 TR M
WA 0. 11 O /h, AR A LIRS AR R
EHEATREE DR E DN 10 em 20 cm #1 30 cm
B SGLFBEBR AR b 22 5397 8 0. 12 () /h.0. 1 (O/h
F10.13 (O /h, BB EF R 75| A B 152 22 43 ) R
0.01 (°)/h,—0. 01 (*)/h F10.02 (°)/h, k5 K JF
X SCET B 05 4 U 5 Ml W 25 5% M 358 /DN, S 2T B BB B
HERER K EH B L.

5 SEEFRE IS 2 R T AL B AT . 8 R 4 TR M
W22 R 0.11 O /h, 55 B EF SRS AR B
LR EATRGHE , = FIORS B2 B R AT B SR A i 22 47
G4 0.13 (O /h 0,17 () /h F0. 24 (°)/h, HELF

2112002-4



41 3% 221 #1/2021 £ 11 B/ 5R

I35 I NBIRLEE 1R 25 43 514 0. 02 () /h.0. 06 (*)/h
F10. 13 (O /h, AR BE A3 I . Y27 b 5 7 B
REH B LA

6 ELFRE IR 3 AP RGRERT , P IR AT R
W2EHR 0.11 O /h R FF R LT LIRS N BT R
SFUFATREEZ , = PIORG K B R G2 P R 4R 2 D A
ZA 0,17 (0 /h.0.26 () /h F10.43 () /h,
FREF N J7 51 AR i BE 5% 22 4 9l R 0.06 (O /h,
0.15 (°)/h #1 0. 32 () /h, A BE R HE 0, B
S TR A 25 A8 ARG BT Y 4 A% JG 2T e MR I B
Aeth B B 41k

P 0 285 SR AT B T I R —BUR 5 R AT
FEdgim B e Re & b iy EZE R AL X 3 HFE IR iR %
Pt 2 55 R A BE A TR AT 7 TR

0.45

o
w
a3t

FOG extreme rang /[(°)/h]
=)
o
S
L ]

0 é lb lg Zb 25 Sb
Bonding length /cm
K7 OLer e iR E il 2222 filh
Fig. 7 FOG zero-bias range change curve

7 Hp B SR (B 22 58 12 4 2 G o) S Rk
KFH 3 HFEIRMZRER A Fom =FuRZS
PR BEECEP RN 1 5 AR EE IR ZEA ] . JCEFRE
U2 1 W R 4IRS S8 2 — B KRN ) FEBHET . 5
A B FETRZERL/IN P R R T3 5 L 2T
B2 2 P LTRSS AFAE—E 22 5 KRR I 5 IA T
— 5 B EE 1R 22 R AR AR R B PR R 1 B
JCEFFRIR 3 (0 — S R £F HEAT 1R 12 1 s FE 211K
2RO RN S AR IR DR 22 B, PRHO
LPFEIR 3 A M ZRPRAE 3 HFEIRP iR,

LY AR A L 24 P ke T R AT R IR SN B
I FEEF I T3 W0 Aa ARSI - AR PR T $UW S151A
AR T AR 1 22 /0N 5 254 1A i 2 T B 2T R AR
ASAXTFRI R RS WU AR A AE 2257 A PR 5G
ARG AR AR B PEAR L 1% 22 BOK . H. Wi 2
SN JPIRES 25 5O, 5 A Al B R 22 M A

O

ARSI T RN T X CET BE R R 1R 22 B R TR

HLBE, 38 i+ 3 't il B2 2R 22 0 B s Ol 21 BE IR
Shupe TRZE 73 T L0 A LR 25 FI2e e M
JIil BEVR 22 PR 23 o I 1 i SR I T e g
FRUVERS CET BRI B L RE A 520 45 R R W] P R 47
SR TC I 3 X BRI A I EE 5 S A 1 g 72 A 30T
PR 1) A ) AR TR [) — Rk 2207 A )R AR A 8 e —
L AT Shupe TR 22 8/0N, [N 1 78 FE 3RO ##%
P A o PRAIERE P IV 7 A X B P BE A A8k e
LPEIRES R IR M RE B 1k, SUh X R A K
JBE W s o I A B AT T AR B
HLIF— ROt PRI AE AN TR RS RN i R 2F Bt %
RASEIR AR TN I SE 56 o 5 | R A i 22 AT A2
M 71730k 6 DR 28 7 TR 52 Sk o 0 B MR BE M RE X A
— 8 BRI, A5 EOCET PRMRPAT R RO TR R RE L 1
PRAEBC Iy R FRME B [R] I, 75 225 X SE 2R

[1] Feng W S, Wang X F, Wang W. Effect of turns’
difference in each layer on temperature performance
of fiber optic gyroscope [J]. Journal of Chinese
Inertial Technology, 2011, 19(4): 487-493.

WSO, FAAgE, F8. S I E R MR [FXHE
PP TERE M L] . P R PR ROR =4k, 2011,
19(4): 487-493.

[2] Yan H, Yang Y H, Yang F L. Response model and
compensation technology of thermal diffusion delay in
fiber optic gyro coil[J]. Chinese Journal of Lasers,
2019, 46(1): 0106003.

ElG, Bimit, MR, LT BEIRIR Y e IR i
B RAMER AR BT FE [T, P E O, 2019, 46(1):
0106003.

[3] Wang X Q, Zhang T, Liang L J, et al. Testing
technique of polarization-coupling distribution of fiber
coil and beat length of used fiber [J]. Laser &
Optoelectronics Progress, 2020, 57(23): 230602.
EEE, K, By, 5. OB I mRIE G o0 A K
SACLF IR EOR [T] . BOL St F2 kR,
2020, 57(23): 230602.

[4] Chen HY, Zheng Y, Wang X X, et al. Influence of
mean wavelength on scale factor of fiber optic
gyroscope[ ] ]. Chinese Journal of Lasers, 2019, 46
(3): 0306002.

AT, A, TEE, 5. FHUEKXHGLFeIRbR
JEREsZm L] . P EEOE, 2019, 46(3): 0306002.

[5] Shupe D M. Thermally induced nonreciprocity in the
fiber-optic interferometer[J]. Applied Optics, 1980,
19(5): 654-655.

(6] Wang Y Z, Chen X D, Zhang G C, et al. Effect of

2112002-5



(7]

(8]

(9]

[10]

ARIL L
octupole-winding on temperature performance of fiber
optic gyroscopelJ]. Journal of Chinese Inertial
Technology, 2012, 20(5): 617-620.
EIE, B, skEA, 5. URGRIE XS LA iR
REEvEREm (1], P EB R 24, 2012, 20
(5): 617-620.
Li XY, Zhang C M, Liu H B, et al. Simulation and
analysis on temperature performance of fiber ring by
16-polar symmetrical winding method[J]. Journal of
Chinese Inertial Technology, 2016, 24(6): 780-785.
e, WA, N, ORI SRR SE
EREYERER 05 5 0T [T BT R R R,
2016, 24(6): 780-785.
BiC Z, Yang ] G, Wu Y J, et al. Temperature
sensitivity measurement and analysis of polarization
maintaining fiber for FOG [J]. Journal of Chinese
Inertial Technology, 2014, 22(5): 677-681.
ek, BN, RATiE, . OGEF IR R IROGL
T RE SR K 5 2 A [0 b R R A 4R
2014, 22(5): 677-681.
Yuan L. B. Effect of temperature and strain on fiber
optic refractive index[J]. Acta Optica Sinica, 1997,
17(12): 114-118.
BT . AR AR X G AR I S F A 1] b
#4R, 1997, 17(12): 114-118.
Zhang Y H, Zhang Y G, Gao Z X. Thermal-induced
phase-shift error of a fiber-optic gyroscope due to
fiber tail length asymmetry [J]. Applied Optics,
2017, 56(2): 273-277.

[11]

[12]

[13]

[14]

[15]

[16]

2112002-6

5 41 % 521 #3/2021 £ 11 A/RF2E
Fei T, Xu X B, Zhang Z C, et al. Modeling and
reduction of thermally induced non-reciprocal error in
differential interference fiber optic gyroscope sensing
coil[J]. Optik, 2015, 126(13): 1295-1299.
Liu] H, Li R C. Analysis of thermal drift in high
performance interferometric fiber-optic gyroscopes
[J]. Chinese Optics, 2020, 13(2): 333-343.
XN, ZEh)R . Rk T =G A PR R AT RS 4
(1. HEDEY:, 2020, 13(2): 333-343.
Yu P, Ji M N. Integral method of stress birefringence
calculation and fiber design optimization[J]. Chinese
Journal of Lasers, 2015, 42(3): 0305002.
Ry, T BRSO BRI R S
it U], PEEOL, 2015, 42(3): 0305002.
Minakuchi S, Sanada T, Takeda N, et al. Thermal
strain in lightweight composite fiber-optic gyroscope
application[J]. Journal of Lightwave
Technology, 2015, 33(12): 2658-2662.
Osunluk B, Ogut S, Ozbay E. Thermally induced

bias error due to strain inhomogeneity through the

for space

fiber optic gyroscope coil[J]. Applied Optics, 2020,
59(33): 10416.

HanZ Y, Gao H, Gao Y S, et al. Effect of strain
distribution measurement of fiber coil on FOG
performance [J]. Infrared and Laser Engineering,
2014, 43(12): 4128-4132.

FHIESE, mlh, S, S5 JGEF RN o0 A I i)
SeerppiEdERE R (1], 4 4M SO TR, 2014,
43(12): 4128-4132.



