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A summary of laser ignition technology.

ZHAO Xing-hai"?, GAO Yang', CHENG Yong-sheng'
(L Institute of Electronic Engineering, China Academy of Engineering Physics, M ianyang 621900, China; 2 Deparment of
Graduate Student, China Academy of Engineering Physics, Beijing 100088, China)

Abstract: The principle of laser ignition, the basic setup and recertyp ragress of laser ignition system were summarized All
the major factors affecting laser ignition were discussed Then a framewmorkiof a minimized multip le-point laser ignition system is
presented, and microdectromc machine system (MEMS) device were“introduced into laser ignition system, such asMBM S optical
svitches and MBM S optical 9 litters,which could enhance thetsafety and reduce the system size Finally, all the difficulties and
problems inwlved in laser ignition were offered A conclusion was made that the future research work should be focused on the

theory study of ignition process and the methods o decreaSe~the ignition energy threshold
Key words: laser technique; laser ignitiony/safaty device; microelectronic machine system (MBM S)

EEEN

EWOEAE A —Fh W 7S R R B R K L
i BIROAR BIATOE sUKEOR SEE S IO —Fhe 4
AT EE R BT T KB S R R 22 B 4 UK
FHEE HAC AU BT HiRE T8 0 T F Rt i %
HAF SR TH0 et m  SE3 T XEZY KGR S F R
PE B A RN B SRS BOR G T R AT SR
PRI AR 25 B/ NN 22 s R T RE o

20148 604FACAKRE 704F48#) ,BR ISH,MEN ICH-
ELL 155 NS5 48 T WO AE e I i £ F 20
BR ISH&E A\ e/ 48 7 WOk s KL . 3 E
20120 70 4RI B BIF 55 WO A K JEEE ) LA
_ﬁﬂiﬁkgﬁ [4] o

20120 804FARH I | THOE AR FR/ NELAE 5

HEUH EHPF s R B E (51305070402)
VEB RN 24 (1984-) 5 Wl L WF 584, F BTy
A ATHOE A K B T U R S -
* BIBE R A « E-mail: caep-gy@etang com
Wk H 4 : 2006-02-15; W EIM& HCks H 4 : 2006-04-12

PERESEAF B R G BRI & JR S [ R0E SO ER TG
FHA R o 20128 90 4R AR | 2 [E 4 H A1) A A
KIH o 1992 4F |3 B 24K M L-STD-1901 B X 23K
RO AT ESR K . EANEEATEOE S K
FATEMIZS RN 240,

WOt UK RS T5 77A4 R m e 2 B IR0E 3%
WOt OGRS IR REROBET R BE R RO
A5 R EHARMEIZ) , EH AT PSS EL R G0 /)N
AL o

1962 4F , %5 [ HALL, NATHAN Al HOLORN YAK
WF R DD TR GaA slA BT &5 MO M o WOk AR
AR BEABOE R U TROE 20K TOE s BN
B FRAE T A HIAT R .

10O

A 1R DRI REROELHERBOE IBOE SRR
G HRE R

|t i ]TleH e hﬁ;{a K. ’|—:i>—| X L)

1 MR RERDCAHERHOERIRUE K RS RAE




% 31E 5B 2 AL

WO KRR 307

HAT 2 ARIROE ROV T - (D) B0 .
FEEE RO AR R RERA SRR (2)
WOLRI A S KUK o S REMPRL TR E AR 1Y
WOty A A R AR AT T R L
SRRV, SEILRUKG (3) WO 1Y i i e 1t
AL (A ROEHT B S 2 B AR R K

FIRSROEHAATIRGE AR 1 ol -5 S5 8 A K
SORMBOCRE R % B KT 8- U7 K B A

WO A AR T Bt KL
20010y

WOL R KEZA 3P SLELT 2 HOE B AR
2 Ot PR IS K EZ A Y 5 A3 2y i
GRS < J T, 7 AR v R el KE 2R I T
YONGIAH OEIRSD € sk T e
2 1M

HOGED et B S 5 2y A, 2R
SRR T2 — R TR AR KGR 5%
KE2h o IE 2[R o

B 2 BOGE B SIS FERE

xR RIS DA RGBT ) £ 5
SR ARZPERE R/ R AR B 2R O
P TG 98 B ORI GO N B R B
B o XEESHOT mUKRETEEIEIS AR « B RTK
A RIS A AR NN [AE IR B W]k b
H o
2 21000dono0

WA 3FT7R ORI AN AL o RE R
FERO (15 K U LA L )R IR ST 77 A vk
R AR AR S EZE A A AR

W1

it

|IJ$ *lli
P 3 OB s SRR P A e B A ]

AR A RE A AF B T R KR 2 RS B
TR A BB AT | e A K 2 B2 il 58 s 9 AR A
FEA R T 1R o LR TRISERR — A T L2 F o

SRR GEH I )RR @RI HRYE S

k[ 7 JRAOCHR [8],Haf KB HuiisR 7

W GBR AR SE ) B (WOK 20 ) I B R N &
%o 19764F , YANGAHI MEN ICHELL B£HL 26 Fh & 1
0. 004um ~1um HIASFRH L WF5T T WOBRK IR 3E B i
IR RS RE T 5 S E 2RSS PR 1 T Bk b Y
. FUAIL 1090k rfRE R4 A IRE Ha
BEE— oM B o TR el S i g T

BOEHE A S JE 25 H5 il ) I 5 R KE 2B |
WHRZ RIEARE A AR T B IR A B 5T
2 3OO0 0Ood

B 4R BOEEREN ® R R B R AE I o S RE
i PO RS B 5 20 S5 A 7 A e
TR KSR (K )R B o 2k

Wy eI

|
e

f b
J 15

HOX: %

.
4 SOCIREN A A B RRAE

WOCRET % — O BT I7T EORF LA L R
WL RIE 5k /s WOGRERHAL N K BIREMTRE & 4K
A 0%/t o KR RSP AR R S R
WOtRE R SN K HE— BN ZEK JEEN
1um ~1000umo

I BARGE MmOt RE R — KR shRER &2
R JTEA AL mEB N IETE — 2 EE/NT 0 25um
H BUE AT LA K R s se S WOE e 2 ik 3
50% ; TECLT AU BL 2 vE B K A Il T L 5 ]
R EARET A .

KA E AL 10Gm /$ IEEAE 20nsA bk F]
AL 90% o Wi & 78 5 AT R I WOG B +
YA (VISAR) B G IE SR OGS T35 (ORVIS) .
V IAR R4 FEADGH A E UG S0 s AL H
U HUAS G B WA B P (R FRAS -5 10 s SRR I AN B
i e MR R R A S I “HE B
% o ORV ISHSR/N{EH G HL 5 M & FA AL on I 4 | T
M EEAEEE N . B HEEG A BlRC BRI
BBt o PRI SEBRR A LA AR LE KA TR

GUZE A\ IR TR A 0 T A R U RO
SPRIREER U7 R R — e R R
K IR E/INE 1ns RS FEEAE 10%LAPY o

Loooog
POL KRG E B A KRR RS LR E K



308 b

o #

A 20074F 44

ST RO 6L DeLFiERs K T
3110000t

KK R A s E BB R K
KEEBHR o 17 BT RGARYRE AR 2 1 3R
H o HARME R THREHIWOE S A K JFH A Kz fiIE
GBI RN AEE
3210000004 d

BEE ORI 3D 2l RGN HE I E . 42
HL T4 Rl R E 25300 ROk B @ TAEAT™
B S T T A [ 2 A ZR G A e P [R] BE A
SESEAG A A R SR AT SR .

FEHEFEFR M L-9.D-1316D (G115 24 e TN )
HEEAIRILE T AT B TR I AEZS g 11

# 1 M L-9.D-1316D /M4l EZ

JEZ PSRN
A3REIEL M L-C-440
ALREIEZ M L-C-440
ASTREEZ M L-E-14970

CH-6IRENEZ M L-C-21723
PBX9407 XEZY M L-R-63419
PBXN -5 12} M L-E-81111
PBXN -6 /EZY W S-12604
D IPAM /24 W S-4660

HNSLEEE 27 ARSED W S-5003
*F¢)E )L M L-T-339
<458 L2t M L-P-464624

ST SEVI RS L

e 1ZHNRIEZ) AR DRHIUE IR ER ORI (2 P
SEGZ R V% /DR B (BRI R B
5 W S SR RUEIRZETIRE BT

OGS AL A2 4RI 285 Rl LU B B o
FTLGETE W "l Wt "ORAE SO RE R A AR B
Ty SEIHOE UK ORI 5 AR BR RS o 4D AT LASE
WOGAIK S FLEE TP CRE ERTT  RIO H R
CIRER Ojovis E= P G W0l 1 1£7 N 58 7 N N S N =)
AR E o

FIH MBMS T Z i A& RIS | AT LA AR A
HGEIAE S E B L R R RE AT S T4 5
fi5 ~106% A7l iE 204 DAL AARFAATREAIG 1~2
MCER 5 T EROC ZE R BOBES R, S
I K RGN (WL 5) .

L e e A WE
B 5 WobAK RG AN

SCHR [11 1P HRIE T — R A6 TR K e i

NPT EE G OEL SRR AR RE FOGET

E 6 — MR

Mo BE FIIREE AT RS2
H ER—IRAE A5 55— R E B RE G L&,
e WOGRE RS LR & 2105 H Y64
331000000 mt

WG R ROG T K AR R B0 A s B
RTROEE YT & R AP JEZ R KR AR FREDR
NP PRI EER AT o

WOGER i H DG FUR 5 FUANSE | KER 0
s A DD 2RO s KN PR SR D RO
L5 B TH % 2 RO /N T T A 75 0F
55 B4

BN s K R GEAR AR WO AR Y b H
SEAFIAIR o H HITHY 3 2 R O AR B4 H RE
YOG o 2E CEOARIBAAEH T 50w Bkt
TR TARIRE N SR TAEP K 808mm;iE
LA PRSI H TR TR & 1065 . EE RAMC
A F] LDX RS RO B 5k E] 100w, TAE R
K 808mm; 5 H  Spectra-Physics /A 7l 2 7= A G £F 48 &
RSB I TN 0 aw ~1 2w, AR

BEEKT 25% K TAEHIE 2v, TAERJELE 25 C ~
32 CZu) PR EE A NA =0, 080 X TRk ih it — )
RS HIEE TN 500, 1200, 15000, 4800W /A~
A H (I E N 350 RV Y Bk = IO AR R4
HEHI . W WOt R EAERVE R R o

T HLE i DR Bk PO M LARE & B 64T T ELAE
DIESCEF 4 R, — O ESRAT I Qiotds .

AT PRUESOGH H RFRE BT 1E S kb B s R
PROEES EERWOLE RSN G 3 LT REL A 1 fE
Ko BRI AHAOGEFREN RS HRE Y T R LR

W 7R~ O AR I Bh HL SRR HRR R R

A e T D3
R _-J} I 'y{;?lqc,

I;I l..: FJJ{ ’k\

LD #if1

I

1Y A B YIE
{4 2J) U VT 1L R

0T )RR
Uit

7 WO IR
PR R B 2 A P o OL T ARE R Rl R



% 31E 5B 2

B BOES KR SR 309

JEI HEA S B P RSCR AN RS & A F | i EcE
T H B N AL AR 4 5 OGS I AR & A2 K
AL Hen TAER SR & 30 C, HAEM4E/N 1045 . [H
RO S KR AR 9SPSR L RE K o i e S AT 2 5
ALWOLES U B AN S K B AR
TR E U N IR ARE R ROk
NiZSH B RIRICAD o BUERF TR 25 R — e oo —
WA HIROE IR T W IREN RN R
3 400

TEWOE K R G SGEF R WOGRE R (546 1) 181E
WA AR B AE IR T HIR AR &
T SRR 2 S B R ) K R (B R kU $2 /=i R
TOCLF SRR RO G- SRR B K .

P AN KRS 1 T 64T 2 B AR A
WORH 2 B JEE e WK 8. IRIENLFEAEXS B/

300 1300
550} fEM Rl MR hso ~
£200 :uuf._:
5150 150 o
= 100 ~ .|<1c)£3
® 50 L 50 22
s

) )
l‘l} 100 200 30() 400 500 600 700 8OO
AT TP /um

8 AREE FHOLRIE I

KNO; /K BB A SEIGWE ST 6 Btk ok
BE L2 B/ N O 55 K RE B (B R A o0k 55 K RE
REEMS K ST EARREER R A K
FikhgE B KEZGHRIE AT AR S W E M R 1

5 ] [ G5 O s KRG RO g (A )
HAMJE 10QW /an® i SRR /D 10 4F B B 5
750. 000psi (52 5kg/an’) ,#FEH 6dB /km 32K 4 HE
A 1B A .

AP HT FEICLT AT LA 6 oA AH [ A A 4R B )
HUG TR R 23 8] R B TR W] DA 6 o) R £
MR AR ST HA R NI WOk
JE R A RE R AR .
3 50000

LT SCLF GET WG AR GLF KT 2 R
B RG-S KB e BB Ot sk R
SR REREHIRE o WOEZ AU KRB Z
LR

SCEF EFERS B FEROR bR LS <4 A\ HUFE [
FURE EE MR B

HRTGETE e 130 A FE— AL 0 3dB 7247,
FFE BRI s R AR W I SR (H S RE 2 1Y

FEAF R AR = T 6L\ £ 6 2474 13
Feds b o

WO A KA R FER ] MARRIERE L o
FEE R KL B1AIE R LA & HB 3R P B R
WL S PRI R 5 2 T 21 R 28 3 1) oy 42
1 VEATTAE 30480m 5 2 I REK &2 260 CHY il | I
1000V, Jf HL7E 4136, 8kPall JE /1 {5 RE AR 45 25 1
e (WHE 9)™.

e 42 {1 e L

[ 900 R B T B ) i e

TEIRERE AR — P SO & B RE
SOCAERFR ARG I BE » HEERORIR R R -
TSR S IE <736 b T 11 S5 7 IR R A
FALFERI BRI

TEOCRE G e B A RO 2 s s KR Bt T —Fh
FTHTEAEAE o BUAET V2 AR & 2 A 18 L R
LG S S RDERE G 45 -
36O

HAT 0L K LA ROt 2K BOEEE P .

PO R X KR 24 ) 29 ROEER 5 B LR AR,
HOROELT I GE R | RG2S S5 24 70 B H AR R . —
FRACLFIAE A I 1027758 o WOL UK ERRIBESE

Ot

1 &
B 1
I 34

& c

— i LT

e I £
b O {EAR 454 $ieh b

k41

YUl He e

K 10 WO G
a WO RUKARE R b WO E SRS

FFERAS WO RO ERE R WIS . HAR
PR K BIE B NGRS s 2t



310 Wk

Eia

A 20074F 44

WOEEE (L& 10b) ] B i AR I EZY | R 2
SRFCRIE AR B DA — RO A AR .

FEZERR M L-STD-1901 FHLAE T BELAI s K RS
MO K2 B RTME—iF R 2 B/KNO;.» HE
JH G A HE B AU /T B /KNO, A RE(E AR &
FIA K P SEH Scot/A EIAERFHR KA AL R 4E
FAWOE S K RGN i B /TKNO, 15 55 s 1
Ko s ZHANGEE AR, A £ BRI KNO,
e b — B (A LT O i KHE IR e /NSO A K
RETE M ERAL ™ . 25E UPCOAEIAT QuanticZA E] E
RO R A s B A R g

AL1ooooooood

4 1001000

LEREPNCIESS SR uNE Ol ad AR EU O
RUL KO AT RE s BEE R RIHUR O 2 BRI K
Ji& BOt KRG NUE AT RE . — A/ NEAETEOE
% UK RGN E 11 o BRI LED A

BT

i ﬁ%
1 HIEX Tk L

PRSI RA r~_______f

BRI Ot BT,
EhbT  MEMS RALARES )

K 11 ANVECROEZ SR K RS EE R

RllE RS ND A e EU SR A =R Rl 2% - %) o ia |k 3Gl
AT H LED A& B9 Mgt 25 B s
P EHLRERS T 5 G IORRCR . BB RG]
PAMEYETT IR IR ABITT o
4 2 010004g

DR FEIATOC AR | Bk rb GEfL ol LA 2 45 Hoam
2% k98 B AL AED | TR R A Rz P ) R AR
RFEA -
4 3010000

XHROEHR G AL A 2P ROk
ASEELFHE UK

5C101td

HI T RERE MRS BT B T H0RE ) 5 5 [ A e
LA VERVRE R ROE RO EF T RS U H
ATEE N AU E -

HOERKAR G H ROEH D3 % L A 2 -7 7
JEORTE FLA 2R 20 2 BORMEE WDELri G Dese
T CBLFROCLF R MRAER A% ™.

IESAR R
OFHL, AL, 498

M BM SERER B BDEE S AR RO UK R
KA/ T A RGERAERL FJR MBMSIEIT R S 4
TRERGAUKMA G RIB G LR E AR IE 5 T
ARGt o (HE B TROCI R R RS il
PEEE RO PR RERT S AT T DR B85 1)

POLZ R R KR ZLRIEAR LI 2R, Al LA
iDieea i St IR T RS e i 6% bl ot S SVE W N T U E
ARAEE N IEARR N -

kRO A PRSI AR E IR B iRk 350k,
(BRI AS RETH AL BRI RO A KB BER TO R
KHVIEIR B [RIZ9 0 )L+ 280 B RET 2 & A 1
AL K o

Rl 06 mUKEAR ISR I 20 58 S T
It R OGO R EE AT L IO S
IR o Ao VK24 I ORE B4 R 3 KR 2y
HIOLIE | HLIE ML RO R A 2 25 2 )R Y
SN 24 2 0 P R T RE it A 2
K S INEEASIO 2 A m R DU e
IREASER A EHIOC TR N BRI

0o o o o

BRISH A A, GALEEV IA, ZATSEV B N et al The mechanim of in-
itiation of condensed explosives by laser radiation in Russian [J].
Physics of Ignition and Explosion, 1969, 5(4) : 475 ~479.
MEN ICHELL IV J, YANGL C. Sensitivity of exp losives o laser energy
[R]. Pasadena: Jet Propulsion Laborabry, Califomnia Institute of Tech-
nology, 1970. 10 ~15.
UN ChW,WANG ZN,JKA B R et al Experimental study on laser
initiated exp losives [J]. Explosion and Shock Waves, 1981,1 (1) : 84
~90 (in Chinese).
HU Y, SHEN R Q, YE Y H. Development of laser ignition [J]. Ener-
getic Materials, 2000, 8 (3) : 141 ~144 (in Chinese).
XBNG ShB, FENG Ch G,WANGL Q etal Investigation on mecha-
nias of laser diode ignition [J]. Infrared and Laser Engineering,
2003, 32 (2) : 42 ~47 (in Chinese).
YONG L D,NGUYEN T,WASCH J. Laser initiation of exp losives, py-
rtechnics and popellants: a review [R]. New York: Department of
Defence, 1995. 2 ~38.
WANGW P, ZHANG K X,L U X F et al Study on ignition of metal
envelopment exp losive by laser beam [J]. High Power Laser and Par-
ticle Beams, 1998, 10 (4) : 547 ~551 (iin Chinese).
WANGW P, TAN FL,ZHANG K X et al Ignition threshold of metal
covered energetic material by laser bean [J]. Laser Technology,
2001, 25(3) : 200 ~202 (in Chinese).
GU ZhW, SUN ChW,L U CL etal The measurement of the average
velbocity of flyer driven by mini size laser [J]. High Power Laser and
Particle Beams, 2001, 13 (3) : 309 ~312 (iin Chinese).
ZHANG H Sh Translation ofM L-STD-1316D ( safety criteria for fuze
design) [J]. Modem Fuze, 1994 (1) : 61 (in Chinese).
KEV N R C,LAWRENCE F,DON L D. High-power optical micros-
witch based on direct fiber actuation [J]. Sense Actuators & Apply
Physics, 2005, A119 (2) : 512 ~519.

(1]

[2]

[3]

[4]

[5]

[6]

[7]

(8l

[9]

[10]

[11]

(FHE55 31370)



% 31E 5B 3 THEZE

— T

iR R A B AT 313

SARIRIET-HME R 2 41B 47N 1 57, A LLGH

Fe M TR TE R B i 4 |

REW L ICF R R STH)

i}#{m HIRRACRAE: S5 3B MACRIEY I Ko il SLgepissiE i &a%@ﬁ%%ﬁ —E BB R 2L
C R R A G R mAE B . NI R 1mef'sf)ﬁ BRI 0 — 2R i B e A T
Ywaa}#éﬂAE@@% LEMCT B BRI TSI HETERE o
SINREE Lo R R G e N .
E2| WEZNCIE AN 5 nEl 4
JT;ﬂ_Jﬁ]:’—FE/] 1}% % ﬁ [E ﬁET IEEPE/]! [1] WANG Ch Ch, YUAN X D,Q NG XW et al Recent advances of XG
= I high power lid-state laser facility [J]. Laser Technology, 2004,
2107 28(5) : 469 ~472 (in Chinese).
__E_ 81 [2] LOEBER A D. Depolarization of white light by birefringence crystal
E 61 II: the Lyot depolarizer [J]. JO SA,1982,72(5) : 650 ~656.
3 [3] XU FY. A new type of depolarizer of magnesium fluoride [J] Sociali-
£ 4 ty of Optical Engineering, 1992, 1752 (3) : 315 ~316.
E 3] 5, [4] WETZEL R A depolarizer for poly and monochromatic light of any de-
0 - sired wavelength [J]. Optic, 1987, 76 (4) : 189 ~191
0024 68 101214161820 22 [5] CHEN H X, U1 Zh, CHEN/Zh P et al Optical modulation character-
measuring times istics of liquid crystal television{LCTV) and it’s app lication in optics
Fig 4 Depolarizing effectwith different status of double LC information p rocessing/[J 1+¢’Joumal of Chinese Lasers, 2000, A27
‘e \ o S \ 8) : 741 ~745 (/in Chinése).
4 = ST HA Z e TF 374 L (
/){?ﬁ%ﬂ? WY =90 ETE@@ﬁX&% jﬁ;ﬁ{}ﬁ?ﬁf;:{:ﬂ]{ﬁﬁ [6] LU K, SALEHB<EA) Theory and design of the liquid crystal TV as an
NN 5 b e — N
4 090B,¥JJ7 250 2 84,2 54N W =75 I iE optical gatial phase modulator [J]. Opt Engng, 1990, 29 (10) : 240 ~
BOR FRAREEFE N 4 0208 3T7 20 2 46,77 248
7] ZHAQ@D"zh, ZHANG H Y. Spatial lightmodulator [M ]. Beijing: Bei-
2 ¥ = B AR S ST L [

ﬁ/ 32%2? R 59 ETE@M@&%,?&?%?&E%WTQ? jing [Institute of Technology Press, 1992. 55 ~60 (in Chinese).

2 17 AT EN L 26, ALK IN ¥ =45 BT HIRK (89 COYJA , ZALDARR AGA M, GROSZD F etal Characterization of a

W SRIRESFYEAN 2 118, FZEN 1 14, H] liquid crystal television as a programmable gatial light modulator

N [ N . e N " J]. Opt Engng, 1996, 35 (6) : 15~19.

L X‘ = o/ o ) ji ja{ / S 3 z [

J\%{ﬂ T{%fﬁﬁmﬁn NI RT ’él)\%‘j‘ Em/f [9] KRSCHJC,GREGORYDA ,THIEEMW et al Modulation charac-

WTE%EYWEH}\%T%EEXW Eq%ﬁ)ﬁz 45 Eﬁﬂ U@%F‘F teristics of the Epoon liquid crystal television [J]. Opt Engng, 1992,

BT HTIBRASUR o 31(5) : 963 ~970.

[10] LAUDE V,MAZE S, CHAVEL P et al Amplitude and phase coding

311 1] measurement of a liquid crystal television [J]. Opt Commun, 1993,

- - 103: 33 ~38

| 3 =] FNLIX 7 St S A\

R ARTES MK jJEEEEE/WEﬁHIFKEE S LA [11] NETOL G ,ROBERGE D, SHENG Y. Full-range, continuous, com-
TEET?W“C Mﬁ'ﬁﬂﬁm{ﬁlﬁa E’J’Tﬁyﬁtﬁ"ﬁ E/]q:d“fj\ ,TKEI%Hj T plex modulation by the use of o coupled-mode liquid-crystal televi-
— R B (R RS | WS LA T X sbns [3]. App1 Opt, 1996, 35 (8) : 4567 ~4576.

N N 12] LU H K,CHAO TH. Liquid crystal television gatial light modula-
B JK AT % oo

FRREAR A A RSB | T i 77 1 e e a2 oy et e

RAEE T AR A A E AT ¢ 2B W R I &

(B35 31001)

[12] CUIW D, ZHU Sh Ch, SHIHM et al Effects of optical fiberon laser composition © semiconductor laser diode ignition threshold and delay
firing and initiating system [J]. Initiator & Pymtechnics, 2000 (4) : time [J]. Initiabrs & Pymotechnics, 2002 (1) : 23 ~25 (iin Chinese).
34~37 (in Chinese). [16] TRNHH P,EARLY J,0OSBORNE R et al Technology development

[13] WANG zh H. Brief analysis of technical difficulties for military fiber of a fiber optic-coupled laser ignition system for multi-combustor
optic cable connectors [J]. Optical Fiber & Electric Cable, 1996 rocket engines [R]. Huntsville: Marshall Space Flight Center, 2003
(4):10~11(in Chinese). 1~10

[14] WAN KM, FU L H, YANG zh Q et al Design of laser ignition sys- [17] WEIA Y, GUO XB, ZHANGJ T Experimental study on laser initia-
tem [J]. Initiator & Pymtechnics, 1996 (2) : 31 ~37 (iin Chinese). tion of common exp losive initiator composition [J]. Energetic Materi-

[15] ZHANGH Q, YAN N, HUA G et al Effect of the mass percentage of als, 2004, 12 (4) : 243 ~245 (in Chinese).





