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Fig.1 Diagrammatic cross-section of composite flyer
1—sapphire substrate, 2—graphite absorption layer, 3—alu-
minum ablation layer, 4—Al, O, insulation layer, 5—alumi-

num impactor layer
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Table 1

conditions

Deposition rate of target with different preparation

deposition rate
/nm - h™!

preparation

target material L
8 conditions

preparation method

high vacuum

graphite . 125 °C,230 W, 43
magnetron sputtering
(C) | 1.6 Pa
(radio frequency)
. high vacuum 5
alumina magnetron sputterin 150 °C , 230 W, 120
(AL,O;) g P 5 1.6Pa
(radio frequency)
. high vacuum
aluminum magnetron  sputterin 245 °C, 90 W, 1670
(AD 8 P 8 0.8Pa

(direct-current)

®2 RN TS

Table 2 Parameters of flyers

No absorption layer ablation layer insulation layer impactor layer

/pm /pm /pm /pm
1" / / 20.0(Al)
20 0.70(Al) 0.70(Al,05) 20.0(Al)
3% 0.05(C) / / 20.0(Al)
4% 0.05(C) 0.70(Al) 0.70(Al,0;) 20.0(Al)
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Fig. 2 SEM photograph of Al and Al, O, films prepared by

magnetron sputtering
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Fig.3 Schematic of photonic doppler velocimetry (PDV) test
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Fig.4 Set-up diagram of velocity measurement system with PDV
1—fix, 2—sapphire substrate, 3—flyer, 4—barrel, 5—glass
slice, 6—optics probe, 7—all fiber-optics laser device,

8—detector, 9—agilent high sampling rate oscilloscope
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Fig.5 Original signal obtained by oscilloscope
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Table 3  Test results for acceleration process of flyers

N velocity average deviation  coefficient of
o /m s /m-s?  /m-s™'  variation/%
1* 727 1027 694 816.0 149.8 18.36%
27 1938 1453 1695 1695.3 198.0 11.68%
3* 1695 1211 1514 1473.3 199.6 13.55%
4% 2301 2038 2059 2132.7 119.3 5.59%
4#
2#
‘T‘? 3&7
=]
>
3 i 1*
600 £ ; 643ns |
400 £ 1 610ms | |
1 31.8ns et
208 E [120ns! : i
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t/ns

6 AN TR TR i A X 2

Fig.6 Acceleration process curves for different flyers
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Table 4 Physical properties of graphite and aluminum film

parameter aluminum  graphite
density/g - cm™ 2.70 amorphous: 1.95
reflectivity!'5~"%) 0.95 amorphous: 0.25
reflectivity at high irradiance!2°-?"] 0.1~0.2 ~0

overall absorptance 0.8~0.9 ~1

enthalpy of vaporization/kj - g~''?! 10.89 29.62

thermal diffusivity/mm? - s7'[22-24] 97.1 composite; 216.5
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Table 5 Physical properties of Al,O, and Al film

parameter Al Al, O,
density/g - cm™ 2.70 3.97
ionization energy/kJ « mol ™%/ 577.5 1675.7
thermal conductivity/W « m™" « K™'t26] 237 30
shear strength/MPa'?’! 207 330

PE— M XF PDV K45 SR & I 70 A, A B[] e 3
A B AL O, EVZE 1 & 4 6T (47) U B
i, SR IR R o AT IA e ORI 5 A 2R
JEICIRIVE A 45 28, T YR T Ja I ] 4 388 2 A 25 IR
W2 BfE o gy BRI R LI, A R
FJEX O PERERY $R THE F AR AR A WOt IR s &2
A TR BBE ML BRI T« S B P ) OO R
WL RE i F5 L RESE e o IARE , ) 1 4 J8 A RHE
IBeih S TR Al 7 A AR T A R IR B AL D S
B ARBE AL, il IR AR TR I KBl R
VB MM 17 R BT DI IE QR B R A T IR RE
R BfE

4 7 it

(1) RIS 0 & Jr ik fim T 246 W,
PG T A & )2 5k A R i % 2 850R B0 B
L Hod C BREAE 125 CHE B B, 230 W IR Al T %
1.6 Pa Ar 5 JE F I ZH 43 nm - h™' AL O, &
TE 150 CHEMETE B 230 W S5 % 1.6 Pa Ar 5 JE
TRIVIBLEER S 120 nm - h™' AL AE 245 °C i ik
J£,90 W B i M) #%,0. 8 Pa Ar (L JE T UL R Ny
1670 nm - h™ R JH SEM X & & KA MBS ki T
FAE, LILHIRH AL O, B EL AL FEE R U 350% 72 B2 4
WA AL B o

(2) [ A PDV il 2 40 DU Fp 2 & € R 1 ek
DIAR JEFE T, & AL AR R EOE A S BE i T, AR &
R I R A R TR B & ) C/AL/AL O, /Al
(0.05/0.7/0.7/20.0 um) E A& KH (@1.0 mm) ¥
REd I, €O 8 e AE IS 1 2301 m - 57

CHINESE JOURNAL OF ENERGETIC MATERIALS

(3) 458 oA J= ORH ) BELE BE 2R 1T 20 #
KIS R S S W OZ B BOE R R
fiE T IERE, S AL O, B A JZ (19 3 WL 0% | L g 3
AEAN AR REAR OC , K o i ] (3 3 i -5 £ 28 I
JE B R PR A G

iR A R, T & R P& RN K
FikRer R THEE ARMEM . 2 G WA KZEME
e R b WSO B 32 TR IR BOE R B IR RE S
1o S PR RE A A4 RE, i a] DL B B 9 KRR s T B
FAJZ I e PR e O T L L R R A RE AR T A
AERIARE o [ I, 30 107 A B HL Al o 1E i 36 3 B (0 4%
B TR AR A R PR 0 L ke L AR A
S5 ) RSB By B RE S RO RS A A G R K 4 fiE
PLBEUEAT R G

Brift : i v TR 24 T B B OB R A O T 2 3 I
ARG (PDV) LB V-6, LU KR RSB I R A AR L 7EROE IR
By TR IR BE I 3 R Ak BT T 1) 4 S AR B

SE

[1] Yong L D, Nguyen T, Waschl J. Laser ignition of explosives,py-
rotechnics and propellants: a review, Report NO. AD-A299465
[R], 1995.

Kennedy J E. Motivation for laser detonator and firing system de-
velopments[ C] // Proceedings of SPIE. San Diego: CA, 2006,
6287 : 62870807-62870809.

[3] Rord, B, R, &. $OLWs) W SR pr it e ()],
FE T 23R, 2010, 31(2): 219-228.

WU Li-zhi, SHEN Rui-qgi, XU Jiao, et al. Research advance in
laser-driven flyer technology[)]. Acta Armamentarii, 2010, 31
(2): 219-228.

Bowden M D, Drake R C. The initiation of high surface area

[2

[

[4

[

PETN using fiber-coupled laser-driven flyer plates[ C] // Proceed-

ings of SPIE. San Diego:CA, 2007 ,6662: 66620D1-66620D12.

TR, AUE, . BOGM R R AR R )]

He ki, 2013, 21(4): 527-532

WANG Meng, HE Bi, JIANG Ming. Review on key technologies

of laser-driven miniflyer system[]]. Chinese Journal of Energetic

Materials( Hanneng Cailiao) , 2013, 21(4) : 527-532

[6] Paisley D L. Laser-driven miniature flyer plates for shock initia-
tion of secondary explosives. DE89016587[R], 1989.

[7] Stahl D B, Paisley D L. Carbon assisted flyer plates: US-5301612
[P]. 1994,

[8] Bowden M D, Knowles S L. Optimisation of laser-driven flyer

[5

[

velocity using photonic Doppler velocimetry [ C] // Proceedings
of SPIE: Optical technologies for arming, safing, fuzing and firing:
San Diego:CA, 2009,7434; 1-11

B WOLIES) A AR BOTORBEZE [ D] 4B P E TR
HHF5ERE, 2009.

ZHAO Xiang. The technology research on initiation design of la-
ser-driven flyer plates| D]. Mianyang: CAEP, 2009.

[10] Rarak. HOLWS & A iR AP [D]. Mat: Ml

[9

[

A fe A oH 2014 % %22 4% %64 (813-818)



818

Eh, WOGE, R, E, H

T R%:, 2010.
WU Li-zhi. Shock Initiation Technology of Explosives by Laser-
driven Metal Flyer[ D]. Nanjing: NJUST, 2010.

[11] Strand O T, Berzins L V, Goosman D R. Velocimetry using het-
erodyne techniques. UCRL-CONF2206034[R]. 2004.

[12] Jensen B J, Holtkamp D B, Rigg P A, et al. Accuracy limits and
window corrections for photonic doppler velocimetry[)]. Journal
of Applied Physics, 2007, 101 013523.

[13] Dlan D H, Jones S C. Push-pull analysis of photonic doppler ve-
locimetry measurements [ ) ]. Review of Science Instruments,
2007, 78: 076102.

[14] T JeF 28w R MR L KM HID]. dbat: b
HALH R, 2011,

YU Tao. Development and the application of the photonic
doppler velocimetry [ D ]. Beijing: Beijing Jiaotong University,
2011.

[15] WLLsE. ST 28 M I & R A BR L B )k [D]. Jbat:
Jenisc i@ R, 2012,

XIANG Hong-liang. Data processing of photonic doppler veloci-
metry system[ D]. Beijing: Beijing Jiaotong University, 2012.
[16

[

Miller W. Set-up and Evaluation of Laser-driven Miniflyer System
[D]. Master Degree. Atlanta: Georgia Institute of Technology,
2009.

[17] Hatt D J, Waschl J A. A study of laser-driven flyer plates[ C] //
Proceedings of the Conference of the American Physical Society
Topical Group on Shock Compression of Condensed Matter. UK:

NASA, 1996,370: 1221-1224.

[18] Rakic A D. Algorithm for the determination of intrinsic optical
constants of metal films. application to aluminum [ J]. Applied
Optics, 1995, 34 (22) ; 4755-4767

[19] Palik E D. Handbook of optical constants of solids II[ M]. Bos-
ton: Academic, 1991.

[20] McMordie J A, Roberts P D. Interaction of Pulsed CO, Laser Ra-
diation With AI[J]. Applied Physics ,1975, 8(7): 769-781.

[21] Benavides O, Lebedeva O, Golikov V. Reflection of nanose-
cond Nd:YAG laser-pulse in ablation of metals [J]. Optical Ex-
press, 2011,19;: 21842-21848

[22] Podesta M D. Understanding the properties of matter[ M]. Lon-
don: Taylor & Francis, 2002, 2nd edn.

[23] Cengel Y A. Introduction to thermodynamics and heat transfer
[M].Reno: McGraw-Hill, 2008, 2nd edn.

[24] Casalegno V, Vavassori P, Valle M, et al. Measurement of ther-
mal properties of a ceramic/metal joint by laser flash method[J].
Journal of Nuclear Materials, 2010, 407(2) : 83-87.

[25] Watanabe A, Kato H, Yoshikawa K. Properties of alumina/Al/a-
lumina joints produced in air atmosphere[ J]. Materials Science
and Technology, 1993, 9(2): 155-160.

[26] Catalogue. Metals, alloys, compounds, ceramics, polymers, com-
posites[ M ]. Cambridge : GoodfellowMetals Ltd, 1994.

[27] Zumdahl, Steven S. Chemical principles[ M ]. Houghton: Mifflin
Company, 2009, 6th Edn.

Structure Optimization and Velocity Measurement of Flyer in Laser Slapper Detonator

WANG Meng, QIN Wen-zhi, FU Qiu-bo, HE Bi, JIANG Ming
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: In order to increase the utilization efficiency of laser slapper detonator, it’s necessary to improve and optimize the flyer
structure. On the basis structure of flyer, the C/Al/Al,O, /Al multi-flyers were prepared by the magnetron sputtering, and the per-
formances of flyers were studied by scanning electron microscope. Taking advantage of photonic dopper velocimetry (PDV) , it is
found that the accelerating processes of flyers with different parameters are not same, and multi-flyer with the 0.05/0.7/0.7/
20.0 pm thickness 1.0 mm diameter reaches a maximum velocity of 2301 m - s™'. Combined with the analysis of physical proper-
ties, the influence of each material used in multi-flyers were discussed. Results show that the velocity of multi-flyer is influenced by
reflectivity, vaporization enthalpy and thermal diffusivity of graphite layer, as well as the compactness, ionization energy and ther-
mal conductivity of alumina layer. The accelerating time of multi-flyer is determined by the physical properties of thermal conduc-
tivity of graphite layer.

Key words: military chemistry and pyrotechnics technique; laser slapper detonator; multiple flyer; photonic dopper velocimetry
(PDV) ; velocity of flyer
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