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Effects of Plasma and Ablation on Ignition Processes of

Energetic Materials under Pulsed Laser

SHEN Rui-qi, YE Ying-hua, TU Jian
(Department of Applied Chemistry, Nanjing University of Science and Technology, Nanjing, Jiangsu 210094, China)

Abstract The charge flux of plasma, the delay time of laser ignition and the absorbability of laser by plasma were

tested to study the effects of plasma and ablation on laser ignition processes of energetic materials. Tested energetic

material is B/KNO; (m(B)

: m(KNO;) = 40:60) + additional 5% phenolic resin, 20 mg, under 37. 92 MPa

pressure. Laser set is a Nd: YAG laser with 680 ps pulsed width. The density of plasma rises with increase of laser

energy, and the charge flux of plasma is larger than that of combustion flow. The delay time of ignition is shorted

with the rise of the energy density of laser linearly, but when the energy density increases over a critical value, the

delay time keeps constant. The plasma do not almost absorb incident laser beam in the testing conditions, but

experimental results of the delay time of ignition show that the ablation of laser prevents laser energy from

depositing in energetic materials.
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Fig. 1 Schematic diagram of experimental arrangement
to test plasma flux
1: Nd: YAG laser; 2: optic attenuator; 3: focus lens; 4.
protecting glass plate; 5: electrodes; 6: sample; 7: optic detector;

8: sampling resistance (10 kQ); 9: data analysis system
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Fig. 2 Optic signal from sample and electric signal
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Fig.3 Dependence of current induced by plasma on
electric field strength at 3. 32X 10" W/cm? power
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Fig. 4 Dependence of current induced by plasma on laser

energy at 5.49X10° V/m electric field strength
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Fig.5 Schematic diagram of experimental arrangement
to test absorbability of plasma to laser beam
1: Nd: YAG pulsed laser; 2: beam splitter; 3: attenuator; 4:
mirror; 5, 7 and 11: lens; 6. optical fiber; 8: sample; 9:

interference filter; 10; laser energy meter
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Fig. 6 Comparison of incident energy of testing beam

and the energy of testing beam passed plasma
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Fig. 7 Dependences of delay time of laser ignition on

Delay time of laser ignition /ms

density of laser energy

where the diameters of focal point are labeled

WOt UK HE IR B[] 9 78 SC A SO T 46 7R A 2
& BEA R 2R TH B E RE AR & A STRR A BB CIRBE)
B IE] o O Bk o 58 BE (680 ps) I /N T80 A5 K Y
FER B[R] (C>2 ms) » i B 0% 2k 89 3R B B B X
WOt K EABEER. HRBOERIN, EAF
TREMBHEERM T M RE R R L, A TR & H R
F B B A A2 A BB TR R 6 KCRE SR B [ 4
M. TRMRPAEBOLRERE RSB Ik FE
(B/KNO; ;1. 64 J/cm?® F1 2. 27 ms) B} » & K ZE 3R B}
IF] B O A B B 2 %% B RO 4R IR AR R, (H 2
I B » K FE R B R LR FEAR AR, X
i R T A8 b S BR T TE WO R B B T e A
J& o & REA R B BE R AH IR AR A BOLBE B S e AR
b WO TE AR RE B B A 55, L Ath BB B o Bk 2 )

R RE A BB R AR R .
3 4 B

WOL-5 & REARHE ELAE A A2 i Bt b2 I
JOF B BE L Bl 2 BORE A AR R B B, LR B RR A 2
BORL (B 5D B B S = A B B . 1 T 7EROE

BT AR o R i 7 R A SE B BE BT RHEE SR A R A #
B, B0t A K JE 3B B[R] R T 3O K v Ry 228
8], 3 B WOt RE R % B i — i FHE 5 2R A
(Bl PR $5 A A2 , SE o o i AT B9 B/KNO, # 4R 1. 64
J/em® B SEHYIE IR BF ] 24 2. 27 ms. TEAR T HOGHEE
Bl SR{EL A, S 3B I 1) B 0O BE B Y
WLk . LR BA R B B AEOLEE T
145 MR RONE B UE 3 5 (B2 B RIS BEAS Y 45 38 71K
XL R K TR M A 458, & BT H— PR
KW, — BOASTE WO KGR R, R ko
POLXT £ REAF B B A5 K BE 0 A A0 Bk v AR 2 R
.
2 % X W

1 Sun Tongju, Shen Ruiqi, Dai Shizhi. Numerical simulation
about the process of laser ignition [J]. Appled Laser, 1996, 16
(3):110~112
M, TR B, S 2. WOt R KRR W BE AT ], B R
X, 1996, 16(3):110~112

2 Hu Yan, Ye Yinghua, Shen Ruigi. One dimension finite
difference simulation of laser ignition [J]. Laser Technology ,
2001, 25(5):331~334
B, AR, TR A B, WOB AU T R — 4 R 25 4 AL
[T]. s K, 2001, 25(5):331~334

3 Shen Ruiqi, Ye Yinghua, Dai Shizhi et al.. Chemical reaction
process of interaction of laser and energetic materials [J]. Laser
Technology , 1997, 21(4) :193~195
WE B, A, L2 % Wb S SR E BN R
M RRLT]. B KR, 1997, 21(4):193~195

4 Sun Tongju, Shen Ruiqi, Ye Yinghua et al.. The phenomenon
of two-stage initiations in laser ignition pyrotechnics [J]. Acta
Armamentarii (the Fascicule of Explosives and Propellants) ,
1996, 18(1):12~14
IhEIZE, TR E B, AR AF . WO SRS R P KR
KBAE[T]. BT FRCRALIHM), 1996, 18(1):12~14

5 Ye Yinghua, Shen Ruiqi, Dai Shizhi. Effect of phenolic resin on
laser ignition of B/KNQO; [J]. Chinese J. Lasers, 1999, A26
(11):1007~1010
MAE, AT S . MY RER IR B/KNO; 8K 25 WL A
KPR LT, R B sk, 1999, A26(11):1007~1010

6 Sun Tongju. The experimental studies on the interaction
characteristics of laser-pyrotechnic mixture and its mechanism
[D]. Ph. D. Dissertation. Nanjing: Nanjing University of
Science and Technology, 1995
VA2, WOt 5 K D25 7 B A P A % HL B RY 55 56 BF T (D
WA B PR H T R4, 1995

7 Ye Yinghua, Shen Ruiqi, Dai Shizhi. The laser ignition
characteristics influenced by graphite doping into B/KNO;[J].
Applied Laser, 1988, 18(3):99~100
MR AE, B, WS Z. A BB AN B/KNO; 5K MUK
PR mI]. &AM, 1988, 18(3):99~100

8 B. N. Kondrikov, S. Cristoforetti, I. V. Grebenyuk e al..
Gasification of solid propellants and propellant ingredients under
influence of thermal radiation [ C]. Proc. 32™ International
Annual Conference of ICT, Karlsruhe 2001, V6-1~V6-15

9 Lu Jian, Ne Xiaowu, He Anzhi. Physics on Interaction of Laser
and Materials [M]. Beijing: Mechanical Industry Press, 1996.
69
R RBER, MR Z. WOLS MR M I Y A IM]. db
FAUBR Tl At , 1996, 69

10 Ye Yinghua, Shen Ruiqi, Dai Shizhi. Study on the electrical
conductivity of combustion flame [C]J. Proc. 26% International
Pyrotechnics Seminar, Nanjing 1999. 568~572



