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Effect of Confinement on the Capability of Laser Ignition
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Ye Yinghua

Abstract The confinement has important effects on the capability of laser ignition. It can affect the delay time and
the ignition threshold of energetic materials. So it is of key importance in the design of laser ignition element.
Experiments were done to research the effects of confinement on the ignition capability of B/KNO; and B/KNO, /
phenolic resin by the laser whose wavelength is 1.06 pm. Three kinds of confinement were used. They were air, K9
glass, and K9 glass deposited with copper film. The results show that when reactions occur near to the surface,
gaseous products are confined by K9 glass, and the high external pressure will augment the ignition threshold of
energetic materials and reduce the delay time. The effect of the K9 glass deposited with copper film is to enhance the
plasma near the surface of energetic materials, which reduces the delay time but lowers the ignition threshold,
because the copper film reflects a part of the laser and a hig part energy of the laser is used to generate the copper plasma.
Key words laser physics; confinement; ignition threshold of laser ignition; delay time of laser ignition; B/KNO;

SURESINF ATISERE SEE A 10E7 T
T 5 T 120 5 25 7 X 0O KO BE S W) 1) B 50T

15 5
WO A8 R 1 A T S BOR WO A R

AR RKE R I ] o SO0 OB BOE /A
FREAS LY 5000 K JC g i RE e 2 BE(E L T OB A
K I ] B RE S A OE T I 1 FH 2105 BE AT RE 3R
T2 55 RE AR K A B RR AR TT AR O IFE] . 5 REAS R
RO A K IR RE T A KA S I 1] 52 3 AR 22 ] 3R ) 52
i+ 32 B DN 2R A 4 5 RE A RE A AL 3R IR Ol
W R B 2GR oy VB R R BRI AR S YR Y
S A RBOER M S 85 . X e S RO 0L UK

I Fs B H#3:2009-03-30; Y ZI{& 2 H I :2009-05-11

EZE®E A8 B A982—), & W LAF S A, EEMNFROLS

E-mail; cannaicy@163. com

TREERL, 20 4 70 4E X, Menichelli 2555 1¢ F %
A R AN 2 B 2 3G Y D il R TR (PETND B, & 3R
AEXT 375 BH 375 7 o 9% 5375 7 0 ke A 3 R A L BP9
JE 375 o R LA R IS 4% JOr T 1 OB RE R (R AT R Gk
FNPEMEB B 4N PETN A/ ke, ]
IR T TR IR R R A K IR A 5 e i AR T Y
G BN T 7 A A B TR AR S B TR B AR
F 25500 A R F 05 K & A RSB 5 KR

o REA R A AR A HLER D7 T A WE

SUmE Ak HE L (1963—) B+ B8, FEMNFHOCW B AL AF R BR R R RGO BER A REM R
YR J58 T A0 428 ] 1 R 55 D7 T RO 20 FIESE . E-mail : rgshen@mail. njust. edu. en GEEHEHR A



2 3 (C

SUR S S U & = AT AR AL 419

FIALHL . L R A WA REBObE 2 AR Y
SR TR 20 BE i X BB DL KOk AR
Top i M. Renlund 2550 7 8F 58 #OG & 48
PETN W . FUH T 125 W1 75 77 15 90 158 0 0 e A SRR 8
(B2, 25 2R 2 T B8 7 1 58 1 SO A N 7 A
F14 28 B A L 3o Ao 5 RTS8 T i G0

2y =

He =5 .

1994 4, Hasue % W58 1 8O 80K 0 R 5%
A8 U ST FE 35 U i e CHIMEXO 25 K 25382 8 i 52 ) %
MICL R AT L HE 245 HORE A A #ABE s T N 29 SR
PETN, =7 H 3 = i 2 i (RDXO A1 HMX 3 i &
PR . Ostmark 2001734y 3 B 3 5 1 1 FH 2
FRL T 24 390 3% 187 52 0 7 AR T AR T ) i 2R Rk R
ANt DT O 1 24 300 3 1w ) AR T DA R A A
fi. 2001 4, H A JUIHN K% Nagayama 55" #5451
FSCHRLS . 6 ] —Fmy 45 3R . AR — & iR N L Fli
JRJEE B3 I s R I e IO RE B M AR, (H B
ok — s A 58 JRE o R KB T O BE T A6 8 W 1 R
P Kennedy 51 7E 2002 4E13 2 (1 45 R W)
B o 735, Nagayama 5538k BLH 245 550 ) /) o5 747 35
T TV I T LR 2 e AN A5 K RE R A

Inou Kazunari 280 3% F 88 B L N % TR W I
(PMMADAE Ry A J5T o JH v 3 5552 BOR A 3% 1 0651
i PETN i3 %, 2003 4£, Frédéric Opdebeck £
PR T — AL A A0 A A R — 4 SR
BRI B TS S 2 R AR B AL B2
)77 — AR Y 25 02, JF B 51 ACHT 19 2 B0k
BHAT Re o th T AABEIT 052 00, 375 1 15 24 51 18] I B J2
ARSI BT AN 2 S8 AR BT 0 A1 LE S RE v A T
I Ak S PR O

TR A R IR B A T AR B X A A R

S B R B R T R A BRI
R BRAE 245 70) 2 10 A e B IS OO0 AR KRR B AR
A LA A5 B B B R AT R G AR S )
BT BN A AR A S B[R] el T T AR AR
PRe s ik B4R i 9 J5 ) AR T A REIR S
2 rp S U AIE , DT AL PR K 4 R OE K RE
IS TE]

A TN IO 5K GES 80D 19 52 e 21711 & WL H i
X 7 TH 8 22 W5 AR 1 S8 A R R i RE AE 25 0T e L T
BT 21 5 25 A X8 e o AR P9 A AR R R B e F 5
B ARG T ERRES KO B R 2R
TR R 25 7 29 3R 3 A J5 UF B/KNO, (19 51 K IE s
HRN KR

2 SIS AR

FHRH Nd: YAG #Ot &, K 1. 06 pm, H
RGBT BK 98106 s, 1 Q B ik 834 ns,
WO 28 5 K RE B 800 m] L, 25 7 Sk A B/KNO,
[t b m (B) = (KNOy) =40 60 (T [6]) ] #l
B/KNO, /T R g [T & L2 m (B) 2 m (KNO;) tm
(BATEM RS ) = 40:60:5 (R D IW A, E25 E 1 H
80 MPa, % A1 I 325 1 M4 6 53 3l o KO 35 385 T 24 7] —
Mg Cu By K9 B8, K9 BE 3R E 2 mm, HZ
5 mm,Cu JE 5 BE 830 nm, S5 43 K 3 4%« i 1R
AT W B/KNO, (40/60) F1 B/KNO, /1 [ B g
(40/60/5) [ Jg B 1 4 35 11 5 9% AR 28 (K9 7 I3
B/KNO, (40/60) #1 B/KNO, /[ & & g (40/60/5)
1 % B A i s 8 AR S (Cu B3 ) T It
B/KNO; (40/60) 7€ A 1 #% % #O6 A Q BOBAE
T 11 IR RN AE R

Bl 1o sk SE g3 B R bR IR . OB A
R O 4 B IR AR AT B 2 50 2 1 L 24 R
Pela OGfE 5 el R RER B AES (L
SRR . B2 RO SR MR B R E A .

beam splitting glass photo diode
Nd:YAG lens
laser
-+
attenuatorU /
target
(| shield
energy meter
oscillograph

K1 BOL S KR E R R
Fig. 1 Experimental setup of laser ignition
aluminium shell ~energy materials

lamellar plastic ¢

\ \ \ \ \ \
\ \ \ \ \
\ \ \
\ “

AN )4 )4
N s,
laser RN

obtur/ator glass
]

SRS
%

S

X
NG
,’/I B

B2 ot A s A B B
Fig. 2 An illustration of obturator in laser ignition
B3 oA w55 . 5 1 AN ik e 0E
W, 555 2 AU SRR G L v ) A — Bt a] [ B . AN
RS R 3 AN BB AR 1 B B B B
SN i B G IR 0T T4 X 24 7R R AT I B O 3
25500 B B R A AR A A RO 5 2 B B Bufl o



420 H fEl s ot 37 %
2.0 r
40
chemical and physical processes L . .
< 1 r_ induced by pulsed laser 35 experimental data
iy S 2 30+ — fitted curve
n
5 @ 25}
£ 1.0} |thermal chemical £
2 reaction process > =i
2 3 15}
E 051 A 10}
self-sustaining chemic
action (second combustion £
0.0}
0 10 20 30 40 50 60 70 80

000 002 004 006 008 0.0
Time /s

{3 O KO 15
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Table 1 Fitting results of relationship between laser energy densities and delay time

Energy materials and

the mode of laser

Curve equation of
ExpDec fit

Range of laser energy

density and the fit error

=30 J/cm?, relative fit

B/KNO; (40/60) in the air with free- x+10. 14915
=256. 22458 X — =) +6.19476
running pulsed lasers Y exp( 7.00286 ) error<c16. 97 %
B/KNO; /phenolic resin (40/60/5) in x+3.08427 x>=30 J/cm?, relative fit
=610. 4856 X —————— ) +4.65197
the air with free-running pulsed lasers Y exp( 3.54433 ) error<<12.75%
B/KNO; (40/60) in the obturator (K9) ++1.17903 x>=10 J/cm?, relative fit
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Table 2 Ignition threshold of different confinement

Energetic material

Laser mode and confinement

Ignition threshold /m]

B/KNO; (40/60) Free-running/in the air 7.70
B/KNO; (40/60) Free-running/K9 glass 5.35
B/KNO; /phenolic resin (40/60/5) Free-running/in the air 4.05
B/KNO; (40/60) Free-running/K9 glass deposited with copper film 174.3
B/KNOj; /phenolic resin (40/60/5) Free-running/K9 glass 2.53
B/KNO; (40/60) Q-switched/K9 glass deposited with copper film 100. 9
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