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Research and application of laser gyro ignition technology

LIU Wan-ni

(Institute of Information Engineering,Xi’an Eurasia University,Xi'an 710065 , China)

Abstract: Aiming at the phenomenon of unreliability of prism laser gyro ignition, the ignition method of laser device
resonator excitation based on external electrode loading high frequency electric field is systematically studied. The fac-
tors influencing the acquisition of laser gyro ignition voltage are theoretically analyzed. Based on this, two measures are
proposed to increase the ignition reliability of the resonant cavity. By shortening the distance between the ignition cath-
ode and the ignition anode,the required ignition voltage value of the resonant cavity is effectively reduced, making it
easier for the working gas to be locally excited,and then produce an avalanche effect,so that the entire internal space
of the working gas is excited, to achieve the normal continuous operation of the laser device resonator. the experimental
results show that the optimized laser gyro resonator can achieve more than 99.9 % reliable ignition at high,low and
constant temperatures.

Keywords : prism laser gyro;ignition ;resonant cavity ; electrode

—_

Vol. 54 ,No. 11
November,2024

1 5 §

WOt P 12 2 B B U R S 00 R S L e
PF BAT T R R Sl S DR RS
LR AR TS T AR 3t T 5 o7 55 40Uk 4
HEEEN o b BRI — R
DT D BRI A A Y R EE FE RN, Bl 4

SRR SN IR I, TC S S B 7 1w 5, B ik
BN, HSE A S, (AR IR A n LR Ji KLt
POREREE A0 o Mo 2O RE IR 32 2 LA 3R] i
e LT, HOGIE AR W] 20 = AT FE IR
UL BEIR, b =ML HOERE BB R0 A, 15
PN B BRI s T DU T SO BE SR BRI ARCOR , 2R

EE£WE By R 15151 B (No. 2024JC-YBMS-542 ) #E Bl
EE B XIBIR (1981 - ) £, Wi+, BIHHZ , FEMR M ES S5EE RS54, E-mail :liuwanni@ eurasia. edu

I s B 8 :2024-04-24 ;1817 H 85 :2024-07-04



1710 O RS TEANE )

054 %

o

AU S U OB BT T 42, 12
MEHOCAR I K 2 BOR 00 SO BB 2w G B Dl
LT A A V) 588 3o U A B e ot T A de
PR AEIEAR G E o, Frp, PSS B D -
Be, IS B O M. O 1 R BT AR )
FE L RIRE AR, OGAR — R T2 R i
PRI RERE IR, 50O AR, SRR i U 1 2
THRCR IR AR BOGEIERIER M E B 1
77 2 i e R Al AR 2 e T L F A
TEROCTAE B B, ST T B B B A 7
TR B, S TR TS RE R AR [
I, 25 e ok b FRL TR PRS0 TR b i, 5 <o)
TR, A R RES R BUR T XL R REAS IR
5 R0 R AR, A T s E R e
Bo HXLERBER IR T BRI, 2B
T o XESE AL AR K BB, AT 5
SR, 2 — AR B R AT e BIEOL.
SO EE M PR 632.8 nm, K IOGTE
ARG LA T AR RO R
ABFIIT 1 GRS AR AR E M, R
i LA RE RIS IR AS R ELIA2E T AT, 2 H ARG e
BRI R B RO

OGRS IR AR EE o TS BLSUUR & AR T
I LS AR R WU I Z (RIS G A 5
BUREIRIE B AR OB BE 50 A B ok
SRR B AL E PSS | RAOE &% , DAORIIERE 12
AR S TAR N HERG I o [R5 4R B iy 2
IR RERK ), SR ps /D RERE IO , S HOLRE
W R AR O MR IR M T L S B
TR R R A (BRI, 25 BB AR S B
ki B HOCRE BRI IR AN 5 5 R sl 5 A AR 2
TR, A T HOERE IR AR R AR, ASSC
ARSI S B O RE IR D B FE 0 5, izt ke
BRI S L RANLEE G 2, 0 2 52 B 0 FH e B8 20 BT g B2
WEIR P S RN Al S 1) A SR, 488 Hh A ,
L3 3 R AT S BRI e PRI R I B0 I W AR
AR T SRR IR A 5 5V RR B TR A, 42 1 3%
TS OGP IR TAE Y Al Sk
2 SIBNESN

TR B R B O E PR IR IR I P g — 56

BRALGH T B F SRR S RO B IR
FRATR B UM AT A PR30 , oL BEIR I
ECARRHOETET o A 1 b B O IR
PRI SR FL s B 2 T AR v s T BT, 5 1R
LI A A DA S, T SRR TR AT
AR O M IR I, S R R AR
PRI T8 A AL, SO rP 9 D1 20 T I i g
e BRIT R BE SR, Bl S 7 ] B AE ZOF Rk DO
T NI AR O SR, TAR R i o
BT R ZS SR O CAR IR IV A 1 g
SR A 3 , 38 I 5 R F B R TR M AU
Rt — AT ] g v K o BRIV A9 P T (OFG R P fEL AT
IBEN 3.0 ~6.0 kV) , FHERE R I ) AR A
RPN TR TR T Ak T AR
IR RS B AR g v, A Y AR AR
TEWE N B R LE O, BRI B 144

SR

HhE AR

ElE:S
A A

e B
it | FELER AR

P L AR M 5 DR Pl % B A A WL B R R
Fig. 1 Schematic diagram of resonant cavity ignition circuit
and continuous operation circuit
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Fig. 2 Discharge characteristics of helium neon laser
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Tab. 1 The required ignition voltage values
for each temperature range of the

metal plate resonant cavity
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Tab. 2 The required ignition voltage values for
each temperature range of the resonant cavity

without metal plates added

M4 IRV

RIS | R -40°C) | HIR(25C) | BR(70C)
91065 5.34 3.53 2.81
72032 4.72 3.70 2.96
102525 4.55 3.72 3.24
111524 4.93 3.68 2.76

M1 I 2 Bdha ] AR 25 4 R IR 5 |

BREH B Z TRl B RE S 4 ~ 5 mm B, 51RR I IR 15
Jr s 5 R AR EAS I 42 J8 R R We B T j, It
LT 105 199K Hh L Pl P53 30888 A Ay SF 1) 5 i
ANBE AR B RN A R R . A
X 6 RIS AR B, X S i IR i
PIREAEA R BT S5 5 1R, — Wk 5 R R ) 26 15 ik
100 % , T $ 5 T 06 Pe IR AR 1 m Sk

4 BRMA

A IR I8 KM g, AT G BT T
P RP S BRI 2 1 B 4 SR PR I 5 LR B L BH AR 22
[ R B %

R Or R AR TR IR IE R ¢ 3 AL
FVAF K8 00 J7 i A 4 — S BEJRE 0.1 mm, AP H 12
2.9 mm, K 5 mm (EE, R 551 R 1 mm
DL RREES . B HAA R S e R b B
P A SR F RE % AL R RGRE, NI B 1A TAER
Ao RIS, HFAHE T2, (g e S T
VESR Z 8] 1) 3% 2 B0 I8 %%, 0D T g2k . 3@
RS % TR AR AR R, e
TEREF= 1Y 50 MR IE A 46 D51 5, &
R CE IR SO — 3, Hor 4 MEIREHIT
5 RIR S A F A % 1, BRI B R T 51
WRBAM ) —3B 43, AA B 51 PHAR P VR, BT LA X 4
ANEIR I B 5 R 155 0 R A T A A 10 A G s i AR —
WA AS T [ st 52 2030 BE A L AR

BTV EEE, RATEI T8 o €58 T
S — PO ZE Bty K TR AR SRR T IR I 1Y)
DAL i, 2 SRR TR, 28 B4 WL AR P ok IR o
HEBR IR I PN 0 5% A SR, DT 2 e VO B MR 1
REAIREPE L S e AN, IR AR S48 5] H
—HAK AR R WL ¢ 3 FLMm ]
BREFAD BB 5 AR 2 ~3 mm, T T WA S 28 5
—FhyRE, B B BRI 5 1R , 8 i % ROy TR A P 1Y
50 AR i 7E R GRS AR B34 100 % 1T g
UK o SRR SR SR SR BT AT N T4 5,
ANTTEE R IE L R R nT AR & i T
BERC T i . AR S T UARTOGRE IR 5 A AT
PERIRCR , sl T 0% <R 25 1 78 KA i 2 27 i
], F— 25 58 T AR TR PN B (1 20 m] S ik
T LR P SR ) AR5 Y o
5 4 i

AR AT X B O ERE R PR AN 2 5 1484



ot 5 a s

No.11 2024 X i e

WOCREIRS A EABE T K

1713

AIBLGR X 5 [ RATLBE AT A At 8 i SE B 3o ik
T ARG IRBA | BHAR 2 1) BE B RE A8 PR 1 P R Uk
TR0 5 VIR R T, A 550 R T 58 TR 5 SO B R IR
(G IRRIADEE 4 H AR 5 R B B, TR AR
TR BT B A EOR I, MRS bt 1% R
JEPEIRIER I 5 A T SERYBUIR . SCHP TR 45
TE RSSO AR EE SN FUARIN 28 25 v MR 3 ) U
Bota RS RSO HR I T 2% .

S 30k

(1]

[2]

(3]

(4]

(5]

Zhang Hongbo, Guo Yanlong, Li Linjun, et al. Research
on laser gyroscope assisted illumination technology [ J].
Optics and Optoelectronics Technology, 2023, 21 (3) .
79 —86. (in Chinese)

SRELPE, Fa T, AR, S O P SR B R R SR
[T ]. s 5E R ,2023,21(3) 79 - 86.
Huang Yueruihan, Ma Jiajun, Zhang Zipeng et al. Scale
factor compensation technology for total reflection prism
laser gyroscope[ J]. Applied Optics,2023,44(2) ;444 -
449. (in Chinese)

PO BUR, SR KT AE. 4 RO B s UROLRE IR
FRBE PR 2 R [T ] B D27, 2023, 44 (2)
444 —449.

Li Haotian, Pan Ziwen, Liu Wenyao, et al. Optimization
design of digital frequency locking accuracy for resonant
optical gyroscopes [ J ]. Microelectronics and Nanoelec-
tronics,2018,55(12) :890 —894,916. (in Chinese)
AR RS, RSO SE . IR IR O P IR = B
KA LT ] B i 7&K, 2018,55 (12) :890 —
894 ,916.

Cui Juan,Ma Jiajun, Hu Jenny. Zero bias compensation
method for prismatic laser gyroscopes[ J]. Journal of Ord-
nance Equipment Engineering. 2022,43 (6) ;176 - 181.
(in Chinese)

IR, D IR B UL RE SR b £ 7 7%
[J]. Eaedh i TR 4R ,2022,43(6) 176 - 181.

Liu Wanni, Duan Yonghong, Jia Huixia. Simulation and
research on laser frequency stabilization control system
based on Matlab [ J ]. Automation and Instrumentation,
2021,(5) :149 —152. (in Chinese)

X EYe , BOK AL, B . 52T Matlab (9 BOGE R
ARG H S5 [T]. A s 5 E 0%, 2021,
(5):149 - 152.

(6]

(7]

(8]

[10]

[11]

[12]

Cao Jianwei. Design of temperature compensation system
for laser gyroscope based on ARMCortex-M4[ D ]. Xi’an;
Northwestern University ,2021. (in Chinese)

A, 3T ARMCortex-M4 130t B2 82 LB A2 3R
GBI D] P42 PR ,2021.

Liu Jianning, Liu Yujie, Jiao Mingxing, et al. Research on
laser gyroscope intensity tuned linetype based on lamb
theory[ J ]. Journal of Optics,2020,40(21) ;105 - 112.
(in Chinese)

XU X0, A, 4. T Lamb BOS Y HOGIE
BRESRIIEL RUAT T [ ]. o622 24 42, 2020,40 (21)
105 - 112.

Liu Wanni. Development of a visual experimental teaching
platform for the "
MATLAB[ J]. Application of Microcomputers, 2023, 39
(7) .78 —80,84. (in Chinese)

XIGEYe. HeF MATLAB (9555 R 48" IRAER Y ] #L 1k
FIGHE GO A LT ] OB A N, 2023,39(7)
78 -80,84.

signal and system" course based on

Liu Jianning, Bian Xiaoyun,Weng Jun, et al. Temperature
segmented frequency stabilization control technology based
on prism laser gyroscope[ J]. China Laser,2020,47(6) .
176 —181. (in Chinese)

XUET, T H =, 5, 5F B TR EHOERE IR 7>
TR BRI P B AR [T ] w1808, 2020, 47 (6)
176 - 181.

Tao Yuanbo,Li Sihai, Lu Zheng. Study on the mode jump-
ing characteristics of a prism laser gyroscope[ J]. Journal
of Northwest Polytechnical University, 2019, 37 (1)
122 —128. (in Chinese)

PEDR T, 2= i, 65 . — P B U O BE SRBE LRy
WRFELT ] DALl R A= 541,2019,37 (1) 122 - 128.
Ren Lina. Research on optical non coplanar detection
technology of prism laser gyroscope resonator[ D]. Xi'an:
Xi'an University of Technology,2018. (in Chinese)
FEFTIR , b BE OB RE BRI 4R s ' = AR L T AG I e AR
WHFE[D]. P94 PY4 BT K% ,2018.

Liu Jianning, Jiang Junbiao, Ma Jiajun, et al. Loss control
of prismatic laser gyroscopes based on cavity tuning tech-
nology[ J . China Laser 2018 ,45(4) :54 — 61. (in Chi-
nese )

XVET 0, SRR, 5. 5T IR SR iR B X
HOLKE B B Fe I [T ] o B #0t, 2018,45 (4)
54 -61.



