%20 % 5 et K LR Vol.20 No. 5
2012 4E 5 A Optics and Precision Engineering May. 2012

XEHS 1004-924X(2012)05-0927-07

BMIEKH RN EBEERAEAZABER AR

BB EEE. PREEREE.HKA
(PETERYBF LR RANERLH, W % H 621900)

FEE AT X EIR ) R R T T WA E OGS R ke L 25 AW s s s SR A AL R B e O
A, I DG sk o AE AL A T B 2 MR OL A RO R R TR A R e AR S e R A R B R RO G L AR AR T R R Bl n 4%
TR B A R M — eI R, BRI R A R B R 60~64 kV B, TR SE S 8 mmX 6 mm
X0.7/0.9 mm Y Lyl2 $8 ® R B = 9~14 km/s B & HE, B S a3l E 5 i i B C R EA G, %I T4
RHEIR BN Ky is gy B A PF I S A T — b R A T B DR U vk TS T T A i F 2 O Y e Al AR 1 ) 4K
WhoE.,

*x B W HREIMRBEYNBLENEYRRRY IS Sk kA

P E 525 TB872 SEEARIRAD ; A doi: 10. 3788/0OPE. 20122005, 0927

Ultra-high speed laser shadow streak photography for
flyer plates driven by magnetic fields
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Abstract; According to the physical process of flyer plates driven by magnetic fields, an ultra-high
speed photographic system including an ultra-high speed rotating mirror streak camera, a micrographic
lens suitable for the optical system of the camera and a continuous laser source was developed. An e-
lectric-optic switch in series was used to avoid the repetitious exposure on imaging plate of the camera,
by which the intense light produced in the course of collision was bated and 1D clear-cut streak images
of flyer plates driven by an electric gun were obtained firstly at home. Experimental results show that
Lyl2 flyer plates with the size of 8 mmX6 mm 0. 7/0.9 mm can be accelerated in 9-14 km/s within
1. 8 ps when the charge voltages of flyer plate reach in 60-64 kV. The results demonstrate that the
charged voltages and the thicknesses of flyer plates have great effect on the movement velocities of the
{lyer plates. The present work will be helpful for researching flyer velocity and can provide important
data for the development of electric guns.
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Fig. 1 Experimental set-up for flyer driven by electric gun
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Fig. 3 Scheduling of experiment
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Tab.1 Different conditions of flyer experiment and their

results
S R TBAR-ERE SR $ﬁﬁ{§
/mmXmmXmm  /kV /(km=+s )
20100818-2 - 8X6X0.7 60 10. 54
20100818-3 I 8X6X0.7 64 13. 87
20100820-1 1 8X6X0.7 60 10. 87
20100820-3 1 8X6X0.9 60 8. 96




% 5 VE LS RIS R B R MOR B B B R 031
8 8_ T T T T v T T T T T ]
7t o / _
oF L iy i 5 SE g pE - .

3 G E10.54 kn 6t FEESHER.96 km/s 1
5t st -
EY E 4f ]
=3t R 3 TF 509 ks
oL P EER.95 km/s 5 : :
1F / 1 i ]
0OF 0_ ]
-1 L 1 L 1 I 1 L 1 f
-1 L L 1 N ] L L .
00 02 04 06 08 10 12 14 16 18 04 06 08 10 12 14 16 18 20

tus

(DFEHHEER 60 kV, P € Rk 8 mmX6
mm X0, 7 mm
(a)In charge voltage of 60 kV and Lyl2 flyer plate

size of 8 mm X6 mmX0.7 mm

SRR 13.87 km/s

- SR 6.22 km/s /

-

0 02 04 06 08 10 12 14 16 18
1 us

x/nm

LR I R e = e
T

5:'_.0_.

(W FEHHEED 64 kV,FHH KRN 8 mmX6
mm X 0. 7mm
(b)In charge voltage of 64 kV and Lyl2 flyer plate

size of 8 mm X6 mmXx0.7 mm

8
7L
6 B o b -
5 SEE R 10.84 kip/s
£ 4f ]
= 3 ]
2+ SEEHE O[S km/s ]
I / ]
0 -
-1 1 ) f \ .
0 02 04 06 08 10 12 14

t us

(OFHHEER 60 kV, P4 LA RTH 8 mmX6
mm X0, 7 mm
(c)In charge voltage of 60 kV and Lyl2 flyer plate

size of 8 mm X6 mm>x0.7 mm

t/ us

(DFEHEHEEN 60 kV, P A R H 8 mmX6
mm X 0.9 mm
(d)In charge voltage of 60 kV and Lyl2 flyer plate
size of 8 mm X6 mm>0.9 mm
B 5 ARSI AT €2 3l BE s Bl A 22 Ak Y
il £&
Fig. 5 Flyer movement distances versus time in

different conditions

AR 532 nm 10 W B9 & 22 6 BH % R
B | A A A 8 RO R R B 3l 28T 19/ R
SR EUEE AT T AL R A B OGS Y L a5 iR 1S
TR S . R O R
SR ARG FZRAET 4 Walge s R L L 7E 60
~64 kV AHHEET .S KRR 8 mmX6 mm
X 0.7 mm B}, FLF 23 B ik 10, 54~13. 87 km/s;
MERAENRS R 8 mmX 6 mm X0, 9 mm B, HF1
M 8.96 km/s, A UL, 7 ML HL RN R R Y JE
X R (35 Bl A R

M4 By 46 AR AT DLE L s B 8 Ry
iz gy i B A T 1) b O AR B A IR I B R
F1% & 3 N7 2% B g — 26 (I fdE AT 30 XX 10" r/min #Y
Bl PR I AR LR T b % 45 R AT A
15 mm/ps) o X AE A T8 iz gh o B 40 1 At
G, AR 45 R T e . S 4 R Y R R A
8 1 BT IR B] A 4 A% 80, IXOR MO HUE i
BCHY o TR OGO AT X ) Al Ak B2 1R D
55 0O 1 I T RE B, TC kI 2 OB R KR, I
A F A T AR A OB . FEA TR R
Ot BRI 9] 52 40 B8 i 0 v, IO 58 T B R B 3R ) o 2
PO Bk BE K 0Ot (ns #90 L HEXRTEOEEBE
HEAT B S A Ak B



932 tr KE LR %20 %

P— (9] BAA. BMEWIMHE Ry mESLT] . 4

' HE A #.1995,3(2):37-42.

[1] EZHET,IASG.BT2,5. BKSH4E KA E GENG CH Y. Velocity analysis of a plastic flyer ac-
PSRRI, & 54 22 23R, 2008,22(2) ; 137- celerated by electrically exploded metal foil [J].
141. Energetic Materials, 1995, 3 (2): 37-42. (in Chi-
WANG G J,SUN CH W,JIANG J H. et al.. Ap- nese)
proximately theoretical resolution of the velocity of (10] &S, —Fifi 5 /N BTk ] . A
the metallic flyer plates driven by magnetic field[J]. HFARL1984 (1):34-37.

Chinese Journal of High Pressure Physics, 2008, GENG CH Y. A simple method of measuring the
22(2):137-141. (in Chinese) velocity of the flyer with small size[J]. Journal of

[2] &m#7, k24, T L. BEESERIKS S Science and Technology,1984 (1):34-37. (in Chi-

HARBIT[)]. & T $4.2003(2):253-256. nese)
TAN Y X.ZHANG J L.WANG G J. A study on 11 ?i'ﬂ?** Y& 26t ‘fﬂ'%mﬂ%ﬁ’ﬁ‘”’“%@xﬁ
the explosion initiation by electrically exploded con- SR A IRIC]L REM LR L
ductor driving a small flyer[J]. Acta Armamentar, &g P B AR BT IRk iﬁﬂﬁ}’ﬁﬁ)’r ’
2003(2):253-256. (in Chinese) 1998, 3:350-355.

[3] KNUDSON M D, HANSON D L. Principal hugo- ZHANG X L, PENG D ZH. WANG ZH P. A
niot, teverberating wave , and mechanical reshock method of shadow scanning optics for measuring
measurements of liquid deuterium to 400 GPa using velocity of the flyer driven by metallic foil electrical
plate impact techniques [J]. Phys. Reuw. B,2004, explosion[ C]. Sym. of Detonation Study. Mian-
69.:144209-144217. yang: Institute of Fluid Physicss China Academy

[4] ROTHMAN S D, PARKER K, ROBINSON C. of Engineer Physics, 1998, 3: 350-355. (in Chi-

Measurement of a release adiabat from ~8 mbar in nese)
lead using magnetically driven flyer impact [J] . [12] w2 im4h, d Kok, . AUMLINECT $EH AY &
Phys. Plasmas»2004,11 (12) :5620-5625. BRBOARPE[T]. 2 Ak 5, 29(1):27-30. (in

[5] LEERS,OSHERJE.CHAUH H,etal.. 1 MJ e- Chinese)
lectric gun facility at LLNL[C]. Proceeding of the CHANG L H, WANG W. SHANG CH SH. et
6th symposium on electromagnetic launch technolo- al.. High-speed photography for electrical explo-
2v,1992, sive loaded multi-layer target [J]. Jowrnal of Ap-

[6] KNUDSON M D,HANSON D L. Use of a rever- plied Optics,29(1):27-30. (in Chinese)
beration technique to infer the density compression (13] #2Af. S bFRYMRBAIM] JE0 R
of shocked liquid deuterium to 75 GPa [J]. Phys. At 1992,

Rev. Lett. » 2003,90(3) :035505-035511. Tan X X. Test Technique for Optical High Speed

[7] SCHMIDT S C,SEITZ W L, WACHERLE J . An Photography[ M]. Beijing: Science Press. 1992.
empirical model to compute the velocity history of (in Chinese)
flyers driven by electrically exploding foils [ RJ. (1] Bk, o de e, . RIRAEEIF LB
1977 . AD2A277726-AD2 A277735. ik w5 B RS AT L) ). b5 5 4R, 38(11) . 2767~

(8] #rth. WM AAK A% AW ZID]. L. 21770.

JERE TR, 2001,
YUAN SH W. Miniaturization of electric explo-
ding foil system[D]. Beijing: Beijing Institute of

Technology,2001. (in Chinese)

PENG Q X.MENG J H,LIU J, et al.. Electro-op-
tic switch in series for widely adjustable laser pulse

width[J]. Acta Photonica Sinica,38(11):2767-
2770. (in Chinese)



5 ]

T 5 BEIKSh R (Y O B R A R B R 933

1EE @It

EOBQ97T4—) B NI FERE N, = %
TR, 1998 4F T 74 22 Tl 5 B 3K 15
b, FENFE B S EE AR
Ot 2 R 1o B 2 18 B O ) DA % g S
ik 5 1 A9 WF 9%, E-mail: wangyyue @

tom. com

FHESF Q77— B LI E R AL
+ BB T 51,2007 4F F b = TR 9 B
WFEE BE R AT 12 007 = 2 A R
WEAR XA B3 hE TN, E

mail : wangguiji@126. com

THREE(1978—), 5, dLRTTA L B B
WFFT 5, 2000 4 T 1 7 BHE K 2 3Rk 15
2 2R, 2004 4F F o [ TORE 9 B
FEBEIRAFA 2507, EE N FH G T
AR F B AR b B A S0 F 5E . E-

mail : luozhenxiong(@ gmail. com

HEE (1981 ). B.WMEET A8
LAY 51, 2003 4 T 01| K 2% 345
27, 2006 4 F o E TR 4 EEE 5T
W AR AF A o7, 32 B A RSy i
AR J1 205 T BB SE . E-mail: mo-
jj132@126. com

ik (1958 —), Wb/ 5t AL
Ui, 2004 AF Bl F v [ TR ) BEOF 5
B T2 B » 3222 AT i o B R I A

5%, E-mail: shangchangshui @ sohu.

com

@ THAT &

ET/MNEE A

A RS

ZHBETHENRENAREA

K #FoHM BB OEFIR.EAMK
(BFFAF ARREZF AT AFEEEABFATHERALRE, K2 300071)

S OB ARAE Dy — T T B A RRIR = 4 8 s R AT S S 0 9 oy 0 I B A B AL A2 B = G
BRAG B TR BE 4 B o 2 IO AR AR IR = 28 2 78 HOR ¥ JCE SE LR MU R T . AR SCHR M T — A 3R/
K B B8 3B UL = 4 R BUIRBE (9 40 SR O3k o 207 IR TR sU A OS2/ AR G A — A Al B
35 B R 5 il 70 3R PRIR 51 b 2% 18 R R RO B AN e B BE S B T M B IR FE I e . AR L T AR
GEW 22 0 TR R %07 T HAT R GEAE R 1T R AR X R A F EOR BRI . Dt
LHAE R RN TR BRI AR R S O D 1L 79 I SR R = A T IR R RUOR 1Y 6. 4
F AR TR 2 b Py R SE R 4 IR E 600 B FETh . S 4R v 4 mMUIR = 4k 14
BB i BB B T — R AT A A g R T ik





