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Development and application of ring laser gyroscope technology .
China and international perspectives

ZHANG Bin, WU Suyong”, ZHAO Hui, LUO Hui, YU Xudong, LI Jiagi, LIU Jianping, FAN Zhenfang, TAN Zhongqi
(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: RLG(ring laser gyroscope) was pivotal to the technological revolution transitioning from platform inertial navigation to strapdown
inertial navigation in the field of inertial guidance and navigation. To this day, RLG remained the dominant gyroscopic technology in the global
high-end inertial sensor market. Firstly, the theoretical origins and feasibility concepts of RLG were traced . Then, the development and application
history of RLG technology in China and abroad was systematically reviewed across four stages: initial research, technological breakthroughs,
practical advancements, and mass production applications. RLG was invented in the 1960s, with the United States pioneering core key
technologies. Building on a dual-track industrial model for commercialization and military-civilian use, its equipment adaptability and high
reliability drove a revolutionary advancement in inertial technology from mechanical gyroscopes to optical gyroscopes, achieving widespread
application in both civil aviation and military domains. China’s RLG research began in the 1970s, gradually overcoming challenges in foundational
materials, key technologies, and core processes. It achieved a historic leap from imitation to independent innovation, establishing a complete RLG
industrial chain and ultimately achieving full self-reliance. Analysis indicates that RLG is a mature technology with proven performance and
reliability, still very robust at the middle and high-end,and is becoming more and more compact as manufacturing advances. Future development
priorities for RLG technology will include improving precision through quantum enhancement principal innovation, reducing costs via Al-enabled
automated manufacturing, and minimizing size, weight, and power consumption through micro-nano integrated photonic technology.
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Fig. 15 Navigation-grade GG1320 digital RLG
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Fig. 16  Tactical-grade GG1308 RLGs in

inertial measurement unit
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Fig. 17 Litton’s zero-lock laser gyro
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Fig. 18 PILA1 MK4 RLG INS
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P19 MK49 WUl e 9 i RO PR IR I R 48
Fig. 19 MK49 two-axis rotation modulation RLG INS
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Fig.21  Development roadmap of AN/WSN -7 series RLG rotation INS
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Tab.1 Structural parameters, storage location, development time, and noise performance of typical large-scale RLG"®

‘ IR I G S 5 HoER F % S e Fik
KA Eiski] o e W
g Bk mk mEL AR R MR gk g v WA s Y
a/m  b/m  A/m’ P/m Ry/m R/m p/nW (rad/Hz)  rady, o
c-1 1 1 1 4 4 4 1 0.079  4.1x107" 1.84 x10™* Cashmere 1997
GO 3.5 3.5 12.25 14 6 6 1.8 0.287 7.7%x107" 3.32x10°* Cashmere 1998
G 4 4 16 16 4 4 3 0. 349 0.9%x107" 0.37 x10™° Werrzell 2001
UGl 21 17.5 367.5 77 20 20 10 1.513 0.4x10™" 0.18 x10~° Cashmere 2003
UG2 21 39.7 833.7 121.4 20 70 10 2.177 0.2x107" 0.01 x10~° Cashmere 2004
PR1 1.6 1.6 2.56 6.4 4 4 5 0.160 1x10™" 5.20x107° ChCh 2005
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s o BRI T DI T e Rl B A g
= ol \w o 7 SR T iR BORHOR A T AR
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Fig.22  Normalized Allan variance performance of

typical large-scale RLG"®!

3 HEHEREBERARRES N

1963 4E2 [, 3E[H Sperry A & AT T A5
— BRI 5 R A4 R AT R
REER I, A 5 — [ 5 SO RE SR 5 DL IO
U L R SCE AER . BT ROGRE IR R B
W R ZFRHN e 2R MEFERCR , IS AL
BAULI 2 S A FE R A5 5 AR T S, 3] 20 fi
40 60 AR, Honeywell 23 v 75 380G FE 42 J5E 1L F1
T USRS, 8t T AL
Fe I8 2, O RE SRR 45 B Ty 1), BB e
St R T Ot P SR 5 B —Fe B, b Y
Z FA UG 3 T OGP IR & TAE
Bi Rk R A7 (AT AR I B R K ) B OB R SR 6 58 T
YERRT 1971 4 ARG D3 AR [FIAE AT LA 3R DU A~
W B, 2 B FE OB A 5T ) R R
3.1 HAREFZHE(1971 F£Z 1984 £F)

X — B B 32 2 I SO P MR A G i B 5T
1971 45, Kb T2 (E B RHR R S 4 ) S T

UM T OC e IR AY BE IR RN, S8 B T 5 —
ANHL R S A S AL

1975 4497, 4 b T2 o S Al DR HE , 4y
HWTEIAE 47 2 1R A e Rl 2 6 AS 53]
WOLFEIRMB R BMILZ 0w i e fs HOR = 1
ST ARPUR T HOEFE IR H MR s A
[FJAE, — (7 SEFE AR [a] [ ity o] 1 —A [ AN T
Horp o — R R T R [ DU 22 SO L BE R
AT A1 , IS I A AR AL 5 3 T A e T B
19 I e AR A0 SR 1 T B 407, 6 DU 22 Bl O RE
SRR JEBLANAR S PR HEAT 1 AR B B A A
SR, NG H P 2E ORI IE S #E 1T
TRARBNEE S . 7EBLIIE], w5 A Je ik = Bt
A A A B A 56 B R R R
AW

1975 411 A, & E#HOEE R 2 R R =1
RO HIT, m e e 2 BT LBk, 74
I BT Ak b A AR KPR LB
FEBRBIE I ) 247, 4t 3 I O B B 1) B 5 B
IAZER BITUI 2 SHOERE IR, il 51 75
RN ARG, 1976 41 H, 2k N i
FRRAE P ETHERL A OE TR, LT B x g 22
SROCREIRIET T IR AR A EA , f 5 o th
HETHE R AT B A Sk, 4 4 KR 4T H AR



- 428 - (FE TR SR S AN S

548 &

W25 PME (K VP L2 B SR 2 B0 58 L
PE)  ILRITF R T K i + SRS = 7 - D
AR 7 SR 0 U 2% S EOGRE SRR 2 T —
MERBI A VTR R ERICE, s
AR [ S B0} ) A7 SCBAAZ A 4 1 DU 22 sl
JEREUR A T HEE AT AT, BEE T DU 22 S
JEREIR B B IR , FRIE T OGP IR P EEALEE

PR B VUG , w0 e iy 4 14T BBl 51 %
JrimsE O CRE SR AL RN YE B T RS, B XY
I ] ke = P B R R R P BB DN a0 v s B 1A
[l m A e 1975 427 A 2 1976 4 5 H Al
WF A ) 22 3l B 375 B 5 220 X ( differential
transmittance and reflectance tester, faj f& DF i J2.
A0, S &l 23 Frow , F G025 A6 TR B, A R R 3
0.02% , TEfiE R 4F, B HE N R A ks i 5 ~ 10
£ TR Y AL T 450 b A7, [ B R e A o Ry [
KEE " o DF 335 SR 1 B8 8RR Fr S 5
R S AR AR A 0 3 ) A, Ry A v R o R
P E A AL TR AR Y — Be i) [a] N —
HE TR EREOLPE SR 5T 0 I 5 BRI FEE A 1k e
MR A o

K23 228 RE R AR
Fig.23 Differential transmittance and reflectance tester
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Fig.24  Prototype of four-frequency differential
RLG modular assembly
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Fig.25 Laboratory prototype of out-cavity
four-frequency differential RLG
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Fig.26  Laboratory prototype of miniaturized
four-frequency differential RLG
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" Transitional internal-cavity"

four-frequency differential RLG
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Fig.28 Two-frequency dithered RLG
developed in the late 1980s
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Fig. 30  Engineering prototype of "full internal-cavity"
four-frequency differential RLG
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developed in the middle 1990s
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