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Fig.1 Schematic structure of laser ignition experimental pro-
totype

a. semitransparency prototype

LA R

b. section diagram

B2 skl

Fig.2 Images of translucent experimental prototype
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Fig.3 Composition diagram of laser ignition test system
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Table 1

temperature experiment

Grouping of laser ignition prototype for alternating

T BRI I SR KB 2k BNCP U6 & 25 9 52
il JHAH [R] 42 2% BNCP 1 & 25 73 50 /F D % BR4H 70 ) ik
A7 — UK B A28 S 6 M 2 Ul B S AR Ly 25 4
Lo SR R AN 2 iR

FR2 B72BNCP IR & 2450 4 LS 4

quantity of .
group test condition
prototypes
A 10 without alternating temperature
B 10 with once alternating temperature
C 10 with twice alternating temperature
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Table 2 Grouping and experimental conditions of doped
BNCP
quantity of .
group test condition
prototypes
10 without alternating temperature
I 10 with once alternating temperature
10 with twice alternating temperature
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Table 3 Grouping of high charge pressure prototype

quantity of »
group test condition

prototypes
D 10 with once alternating temperature
E 10 with twice alternating temperature
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Table 4 Comparison of ignition time under different alternat-

ing temperature conditions

parameters group A group B group C
0.18 0.67 0.95
0.19 0.34 0.87
0.20 0.36 1.35
0.17 0.48 1.15
ignition time / ms 015 067 008
0.19 0.53 0.75
0.16 0.64 2.50
0.17 0.22 misfire
0.18 0.78 2.18
0.19 0.37 1.35
average / ms 0.178 0.506 1.331
standard deviation / ms 0.015 0.181 0.614

Note: A represented ignition without alternating temperature. B represented
ignition with once alternating temperature. C represented ignition with

twice alternating temperature.
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Fig.4 The fiber-powder interface of failure igniter

1—ablation surface, 2—normal explosive
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Fig.5 Schematic diagram of laser ignition mechanism
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Fig.6 DSC and TG curves of BNCP after different alternating

temperature experiments

MW 6a ] IF M, KA HIRELZER 1 4B 4%
BNCP Uf & 25 5 2 i 1 YRR 3 28 A8 52 56 1) 1T 4L AN 28 5
2 YRR A A S 1%y T 20 4% R o e R % L B G T
X R FEERM NIBLBNCP IE K 25 kAL, TR
NP A o 3 2 RE Al Y R B 06 R R R R M [ L X A
276 CHAT, 5 3CHR[10] 118 24 BNCP fh & 2 5 fif ik
Pl AW A o 3 B2 D7 IR A AR SE AT ) L 1B 4k
BNCP i & 24 (1 #4043 fift Mk RE S AR R ke A= A8 4k

ME 6b A LLE 3 415 2% BNCP i & 25 1% it &
AR AL LA A ] - 100 °CLL R HFB 2% BNCP 4
RHIRERE AR A 5281k ;100~250 ClH A
T4 A 5 IR T 250 °C (R T El 6a B
Z& BNCP U & 25 1) 43 fff B ) i o ot B s ik /> | b i 42

CHINESE JOURNAL OF ENERGETIC MATERIALS

%% BNCP 4 & 25 P 2 0y 5 8 3k 300 °C e, 8 A 48 44
BNCP #5 % 245 i B A 10%, K W15 2% BNCP I & 24
SrfRERIS HL ) KR Ay R SR o AR AR R R
M £ A8 Ak 43 A7 AT 3R BE 32 AR S5 X BNCP (1 #4 R i
P BE A 1 B )

2.2.2 Xt BNCP Z5 7 1 & A 14 88 B9 52

I A S R R B X T CR 2 7R 5 48 ) Fn
(407 2 500 B 58748 ) B 2% BNCP 4 & 25 47 0
mn B AN 7 B o SR B BORE FE 4SO IR BE 28 A8 HiT S Y
SUARE R A TR A3 A IR, 25 SR 5% 5 TR .

& 7 T DL #2805 R B 58 A5 1S A9 7 4 2 )
SURE 127 Shy 3k B 0 2 3 B AR 5 I 28 7 e L B 32 AR I
M2 B G . R ST LA, &R 58
AR S, KRS R B S /D | N RO R0k B G 3 22 )
i BNCP iU i T [, X 3¢ B 7 1 3 58 48 2o it v 3
43 R AFORL H B2 0, f 2Ok R SR /N R o AT LI R AR
A5 A] 5] BNCP 24 571 b 74 1) 5 A, K liRg B3 AR JBRE RS

R 43T BNCP I & 24 ity VR 0 i %o I &k M g 7 5
Wi BF SR T 2 T 2H K T 248 2% BNCP 4 & 25 % 1K1 1
FEALRE FC RS2 B0 AR B, I 04T R DO, & s ] A5G

after twice alternating

a. without alternating b.

temperature temperature experiment

7 il S AR 2 )
Fig.7 Micrographs of BNCP before and after alternating tem-

perature experiment
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Table 5

temperature experiment

Distribution of grain size with different alternating

3

group particle size and proportion bulk density/g-cm”

big:5.50%3.00,50%

I middle:3.00%x2.60,31% 0.43
small:1.10%1.00,19%
big:5.50%3.50,38%

I middle:2.20%2.00,34% 0.38
small:1.30%x1.00,28%
big:5.50%3.50,30%

I middle:2.20%2.00,32% 0.32
small:1.30%1.00,38%
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Table 6 Average ignition time and standard deviation of dif-

ferent group of doped BNCP

parameters 1 I I
average/ms 0.186 0.168 0.158
standard deviation/ms 0.020 0.017 0.013
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e 1A I ik R B0 25 5, 7R 62T 5 24 50 1 fh 1w ) B TRD
B, K I BR 204 30 pm.

R A5 S A 0 LR, 7 6 27 1% Sy (4 O BB A D
(25 F R L T8 LAY D' BB R DN S B iR R ) . BT |
TR DR Ol £ 55 24 0 f T B I0) B AT O BRE T AR
55 2 AR AR B B 5T L A5 2 18] BT IS WO &R S AE 2 R
FME BOLTE R E (E9) o WOE& LR ™ A 1L
G5 1(25.2°) X ROLLF R TR A PR . SGLF 5 2550 42 i
T 7 A 30 wm Y T] B OG 4% 1) 24 790 3% 18 A9 06 B 1HT
B K 23% , i T HOG i Hh AR R AZ 7 A 1) B 38
JE ARG AR 23% .
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a. before experiment b. after twice alternating

temperature experiment

c. after twice alternating temperature experiment (amplify)

8 I B SE AT T O £F - 24 59) 42 i S vk 141 (70%)
Fig.8 Micrographs of fiber-powder interface before and after
twice alternating temperature experiment (70x)

a. without gap

b. with 30 wm gap

9 DGZF-24 5 A [R] ) BT 0 o't B AR K 7R R
Fig.9 Schematic of laser spot intensity with different gap be-

tween fiber and explosive
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Fig.10 Ignition time of experimental prototypes with re-loading
primary explosive
232 FHEAMNHEANIREBEEZEZRM/EMHERN
A1)

R 160 kg J 24 1 1 %4 i ) ok 5 % 8 BLE 7
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B o w37 ol IR R, 2 0 il 52 e Bt RE LR
T KAV K4 1] 55 2R AT I B 5 A S B A AR AT ]
R IR AR 22 43 )45 A 414K 0.054 ms F10.02 ms,
HER—FEDFERTBAMCH, XK KEZ
Jie 3 k5 AR TR B S AR S0 M REHIL A R i

7 160 kg JRZ TR Iy I BE 2278 26 i 19 42 I fi)
Table 7
at 160 kg loading pressure

Ignition time of alternating temperature experiment

parameters group D group E
average / ms 0.182 0.196
standard deviation / ms 0.069 0.035

i J b S AT Ol £ 4 i 3 B S5 R O K
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3 & it
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AR BRI IF (6] F) 8 0, A K HE IR IR [A] 23 SE 2 0.5 ms LA
b ZUGRE AR IR R K KRR N A il 1 ms
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Failure Causes and Restraining Method of Fiber Contact Laser Ignited Initiators in Temperature Alternation

XIAN Ming-chun'’, TONG Le-le*, JIAO Jin-fu’, XIE Jun-yao’, ZHANG Yue-ping’, MENG Yan-gang’, CHEN Yong’,
ZHOU Bin', SHEN Rui-qi'

(1. School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China.; 2. Sichuan Aerospace Chuannan
Initiating Explosive Technology Limited , Luzhou 646000, China)

Abstract: In order to explore the influence of temperature impact and cycling on ignition time of laser pyrotechnics, the laser ini-
tiators with carbon doped tetraammine bis (5-nitrotetrazolato) cobalt () perchlorate (BNCP) as primary explosive and
fiber-window structure were employed to study performance of BNCP, structure change of laser initiators and structural con-
straint between fiber and explosive under different temperature alternating experiments (47 h and 94 h). The experiment results
show that the ignition time can reach less than 0.2 ms indicating a great ignition performance before temperature alternating ex-
periment. However, the ignition time delayed more than 0.5 ms after 47 h temperature alternating experiment and some initia-
tors delayed more than 1 ms even misfired after 94 h temperature alternating experiment. The crystal grains of BNCP broke up
3

and the bulk density decreased from 0.43 g-cm™ to 0.32 g-cm”
of bulk density has no influence on thermal decomposition and ignition performance. The difference of expansion coefficient be-

after alternating temperature experiment. However, the change

tween ceramic fiber optic components and igniter shell leads to a gap between fiber and doped BNCP during alternating tempera-
ture experiment. The gap has a great influence on both laser spot intensity and hot spot diffusion. With structural constraints of fi-
ber and explosive increasing, the ignition gap can decrease effectively during alternating temperature environment and the envi-
ronment adaptability of laser initiators can be improved.

Key words: laser ignited initiators; BNCP;alternating temperature;ignition gap;ignition delay;environmental adaptability
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