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Abstract: In view of the negative effects of resonant cavity deformation due to complex environments
on performance of laser gyroscope, the slight deformations of mirror in three directions, which are
0.342 5", 0.349 4" and 0. 215 0", was simulated by ANSYS when the resonant cavity was under the
function of standard random vibration spectrum( ggms =6. 6 g). Employing the theory of matrix op-
tics, the deformation of the diaphragm was obtained quantitatively. Then, the deformation law of op-
tical resonant cavity affected by radius of curvature, cavity length and incident angle was analyzed in

an optical quadrangular cavity. Finally, the deformation law of optical path was derived when the
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spherical mirror and spherical mirror changed simultaneously or the spherical mirror and plane mirror

changed simultaneously. Only considering the vibration resistance, the deformation of quadrangular

cavity generated by the external environment is slighter with the smaller radius of curvature and the

shorter cavity length when the radius of curvature ranges from 0 to 8 m and cavity length ranges from

0 to 1 m. Furthermore, the deformation law of two mirrors can be equivalent to that of a single mirror

according to certain rules. The research can provide a reference for the design of optical resonant cavi-

ty of laser gyroscope.

Key words: laser gyroscope; random vibration;optical resonant cavity; deformation law of resonator;

finite element analysis
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Fig. 1 Schematic diagram of optical resonator
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Tab.1 Excited spectrum in random vibration
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Tab. 2 Displacements of feature points on mirror
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Tab. 3 Small angle tilt of mirror along three direction (")
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JIN T IO T2 A6 AN 5% ) H Al M B 9 i 2 R R AT g
— st [EEE 3 R kTR A R R AR
i B S A 2 )
4.1.2 r/5%EBEERL G £

B o5 LA &R AT A A 2 HOR AR Y
W L3 % 3L—16Rcos A<<0, it r, i 46 % {8
SR LAY R 3 O, B e R [ R o
SRR I M KR R
4.1.3 r./ 5REAHAAGEE

WA (7, LA R BURFIER »." 5 A #5&
FUNE 4 FE 5 PR,

MG A ﬁiﬂo,fjﬁi, r WA ERE A

2L e 4 L BT DA TR 2 X (S T R
NGNS AL A 4 AR X T A R AY
AR A ER BN, v S X E BN, B S
AR X T AR R B9 A A AL BRI B AR A
Keor, BIAERS BN,

X104
12570
By
71—
—127f T ——
T T &y
£ 128 ]
S
-1.29 j
-1.30 .
-1.31 -
-1.3

2007 02 03 04 05 06 07 08
A/rad
B4 LBOSREMER r.'5 A FWERECER

Fig.4 r." as a function of A for L of different values

Alrad

Bl 5 RIBCKREER r.'5 A BREOCR

Fig. 5 .  as a function of A for R of different values

M LAFOo~1mMRAEFI~8mB, T
HAEFETC roor s sy AL (E R AT BE /N, B
Jis KR AT BB/ s A ST A A MBI Sl y Oy Y
AR AN ERE N A N R ey i N0 b N
BR T BT R AR B B0 S ey B 48 X 1
Kor s r, BILAE /N . 25 BT A ST AL
BRI BT I 242 R A Loxd O bR Ab 9 47 B AR
R AR LR 2. A A B2 (8 y
RSN AN RS A gy ey RS
B, AT A B IO 2 B R AR R R ), LR
W2 SCER[10], B R BRI 5 19 ith R 242 R Af
DAY /N S B b 1 A R A R v R IR A A I
L0 T 4 e P SR R 2 A R 0 L (R B 25 0 ol
B AR B 5 8% R G R A R L BN s LRl LA
P R R I A R P L (EL B R K AT DA K b 4R
e PE SR HE A PR FORS B L R e R BT R
BT B A HIRZME R, ol g iR Ik bt
PRVERE X T UL IR, 2 LT 0~1
m, R AL T 1~8 m W, BRI A9 il e 2l i
PR L M IR M T 52 A0 IR BE 5 B N
4.2 VERMNTURETAENEES T

4.1 R ARG R — A 5 Rk A AR A i
PR VAT M B L AT DBk T - Bk T B AR A A
K T B - 1 [ B AR Ak A R R R 43 BT £
BR AR LT VIR O I Y R
4.2.1 R\mE-RmgERh

Z IR 1 B iR R i o A S BR T B kA
Fr1 R Dt L9 3K T 1 i R A M I L Ol R AR AR
— I B R R P 3ROR A



286 e KR TR 5 25 %
r 7 r J
10 0 0 _ Rcos ACO.+¢) 10 0 0 ~ Rcos A0, +¢.)
2 2
12Rcos A0, —¢.) 4Rcos A(30,—¢.)
0 10 3L—16Rcos A 0 100 3L—16Rcos A
M= 00 1 o RO, +¢) , (8) M= 0 0 1 0 RO, + ¢
2cos A 2cos A
~ 12R0,— @)  4ARG0,— ¢
00 01 16R—3Lcos A 00 01 16R—3Lcos A
10 0 0 O 0 i 0 0 0 O 0 N
Hodr . 0,,0, RE—ABR B & A B IS 5 9] 19 A (1D
B 5 0,y W55 —ANBRTE B2 R 2E 9 5 4~ 77 18] RIDTELE
B 11D % X0 1 T 74 = —Reos AT ¢
_ Rcos A0, + ¢
re = 5 . 1 4Rcos AG30,.— ¢.)
! 3L—16Rcos A
s 12Rcos A0, — o) (12
" 3L—16Rcos A .= RO Ao
RGO+ o) 9) ; 2cos A
:*4}‘ R J—
Ty 2cos A ry’:i 4R(30y y)
12R(8 N ? 16 R—3Lcos A
' v Py N ™ =
ry — 16R—3Lcos A ﬁ‘%’]iﬂ% i{ﬁﬁ"fﬁ%ﬂﬂiﬁ%%ﬁﬁ*ﬁlﬂ, EI]

T Hb L 5 WA B 0 R R AR R, B
0.=¢..0,=¢, B, H:

r.——0,Rcos A
r.' =0

\L 0.R 1o

cos A

ry=

’

ry =0

(10> 7R M52 7 19 D % #1 2 AH [R]
TEHR F 0 /INFL O i A RS 25 % A A B A e R
PRI B A% L i L A s B T 3 BE AV B8 Y BT ik
JEAH

X He 2 (7) 52X (9) nI A5 L BR 1 B -3k B 0 AR
P AT LA RCA B BR T 9 A8 k. BR T BT -BR 1T
BEAR AL T BN AR ) R S 1T L AR RICH R
ANBRTHBE R A (0, + @) A1 EE D % 18 0 T /NFLOG R
Ak ) E S - L BRTATBE BRI B AR AL T EUNFLOYE
Aab ¢ 1 D B T LA 80 BN R T B R A (0, —
@) FA AR 3 175 0T /AL ' BRI Ak 1 R IR
1M B T 4 B T A A A R R s O B A A A
5 A BRI A AL 2L,
4.2.2 ®H\miE-Fasii

Z M 1 RS IR R Py B ERTE B Py
14 - T 5% 2 A o R Al 2 L T R T 5 ) i 6 2 A A
7] o YL A 46— &) 5 1 R R il

e.x-z@xvav:goy E‘J’Jﬁ:

r.=—0,Rcos A
,_ 8Rcos A0,
T 3L 16Reos A7
~ 6OR (13)
T cos A
, 8RS,
=T 16R—3Lcos A7V

K (13) 7 M W BE 1 19 fi 2 £ 8 AR [R] B
TR i 1 /INAL O B 2 e A S T L T A s 4 X
Tk B B8 1) ot ik 2 A R 0, () 5 3 B AR
B SRR TS BRI A A TR 2 4k

(7 55X (12) oy AL Bk B - 1R
AR B0 AL P LLSERCH BN BR 1 BT 09 28 Ak . B
e - T B AR A6 T B /N AL B A Y BE BT RS AT
PLEESCR P BR T BT & AR O, + @) £ B AR 5% 17 1
T /INFLOG BRI AR 0 B S SRS R i T T B AR A S
SRR /LG BRI AR 1 AR B2 D 2 T LAY Ry B4 BR T

%ﬁi(ﬁf%ﬁﬂEﬁ%‘%%?/]\ﬂﬁ‘ﬁlﬁﬂhé@%
JEE A 5%

A SCH A BRIC O B ANSY'S #3116
SFE IR I Tt 0 S S BE LR B0 1% SO T Cgrus =



&2 4

TIOIR 45 BEHLAR 31 R 7 i iR 1 I AR A8 K sl L 287

6.6¢) BB AE . 439l ok 0. 342 57,0, 349 4" Al
0.215 0", I FHJE BF )62 BRIS 15 21 % 58 15 0l T 28
P S B v 4% AN M e i ek 2L IF AU A i R

1, 45 2 T RO A AL AT T A

S & Wk :

(1]

(2]

(3]

(4]

(6]

[7]

(8]

9]

TRAZF.RBEF. PR SRE T
WAL S AL HELT ], B3 B F T 42,2012,20
(6):1201-1207.

YU XD, WANG Y, ZHANG P F, etal.. Calibra-
tion of RLG drift in single-axis rotation INS[]].
Opt. Precision Eng. , 2012,20(6):1201-1207. ( in
Chinese)

MRERZLEN.ERLFT.F. WIBBOLRIOL KM
BREZME RG] b5 4% T 4,2012,20(9):
1913-1921.

YANG H D, LIANG D M, YUE H Y, et al.. El-
lipticity measurement system with double beam
paths for ring laser gyroscope[ J]. Opt. Precision
Eng. . 2012,20(9):1913-1921. (in Chinese)
ARNOWITZ F. Theory of a traveling-wave optical
maser [ J]. Physical Review, 1965, 139 (3A):
A635 -A646.

LEVKIT A L, OVCHINNIKOV V M. Stability of
a ring resonator with a nonplane axial contour [ J].
Journal of Applied Spectroscopy (USSR), 1984,
40(6) :657 -660.

SHENG S C. Optical-axis perturbation singularity
in an out-of-plane ring resonator [JJ]. Optics Let-
terss 1994, 19(10) :683-685.

SIEGMAN A E. Laser beams and resonators: be-
yond the 1960s [J]. IEEE Journal of Selected
Topics in Quantum Electronics, 2000, 6(6):1389
1399.

SMITH I W. Optical resonator axis stability and in-
stability from first principles [J]. SPIE, 1983, 412;
203 -206.

SIEGMAN A E. Lasers[M]. California: Universi-
ty Science, Mill Valley, 1986.

LONG X W, YUAN J. Optical-axis perturbation in
triaxial ring resonators || : Induced by spherical mirror’s

axial displacement [J]. SPIE, 2010,7579:75791G.

f AVERIEN M B AR R AR L X6 b 4k #9457
FE AR AL A 3 A8 Ak 1 52 W), 25 SR 3 BH A i 4% TR
728 A I AT e BR — o A SRR SR B AR A . R4S
WA OGRS %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

YUAN J, LONG X W, ZHANG B, ¢t al.. Opti-
cal-axis perturbation in folded planar ring resona-
tors [J]. Applied Optics, 2007, 46 (25) ;6314
6322.

YUAN J, LONG X W. Optical-axis perturbation
in nonplanar ring resonators [J]. Optical Commu-
nications, 2008, 281(5):1204-1210.

CHEN M X, YUAN J, LONG X W, etal.. Gen-
eral beam position controlling method for 3D opti-
cal systems based on the method of solving ray ma-
trix equations [J]. Optics & Laser Technology,
2013,54:343-346.

CHEN M X, YUANJ, LONG X W, etal..Rean-
alysis of optical-axis perturbation in nonplanar ring
resonators in ray matrix approach with appropriate
coordinate systems [ J]. Optik International Jour-
nal for Light and Electron Optics, 2013, 124
(24) . 6776 6779.

YUAN J, LONG X W, LIANG L. M. Optical-axis
perturbation in triaxial ring resonators [J]. Ap-
plied Optics, 2008, 47(5) :628-631.

YUAN J, LONG X W, CHEN M X. Generalized
ray matrix for spherical mirror reflection and its
application in square ring resonators and monolithic
triaxial ring resonators [ J]. Optics Express,
2011, 19(7):6772-6776.

WEN D D, LI D, ZHAO ] L. Generalized sensi-
tivity factors for optical-axis perturbation in non-
planar ring resonators [J]. Optics Express, 2011,
19(20) :19752 -19757.

Frk, AR, HAM. PUE S EOLRE IR Y
BUPRZ ma i 43 B [T, £ % 4% % T4, 2007, 15
(11): 1760-1766.

YU X D, LONG X W, TANG ] X. Random vi-
bration analysis of mechanically dithered ring laser
gyroscope[ J]. Opt Precision Eng., 2007, 15
(11): 1760-1766. (in Chinese)

YU X D,LONG X W. Parametric design of me-



288 e K% TR 55 25 %

chanical dither with bimorph piezoelectric actuator [19] CHEN L SH, HALL J L. YE J,et al.. Vibra-

for ring laser gyroscope[ J]. International J ouwrnal tion-induced elastic deformation of Fabry-Perot
of Applied Electromagnetics and Mechanics, cavities[ J]. Physical Review A. 2006. 74 (5):
2015, 47(2):305-312. 053801.

EE B T :

T 21981 ), W m M A A
12,2002 4F Tl FE K 44T 2 200
2012 4F T iff 45 T K 24 A5 A+ 2%
AL, 30y N R i 2 0 38 i
AR AR, EENF T
5 18 2% J7 10 W) BF 5% . E-mail: navy _

wenwen(@ sina. com

FhEZH (1982 —), F, H K FE A ¥
Iifi, 11,2005 4E 2011 4F T [ B BH 4%
KES A F - 220, EEMN
FHOLRE IR KB S AL RS TR
E-mail: wind0909@163. com




