V. 4 AP TN 4 22 vl g B0 O R I 30 2 = 4k 8l ) 2 5 473

X EHS:1006-9941(2019)06-0473-08
TRFHANE2BEENMERFTMNS =4 NEHE
IFEVRARLK FLEOLLE ELR KL AHRE

(WP ETRYEFR AT AHBFR, W HH 621999; 2. ZE XL HLSMHIRE _FEREXE, W %4H 621999)

T OE: N TR O R ) RREE N A 22 e MR K A VR A AR SR O T I R X BLAR N 0.04 mm (1 4 2 R KR T
R Ao B HEAT T S50 A BT, SR O E R T T IR 7 e AR S e e U ol A R R A R 0 X O R 5 2 PR R R 1 A R
PURL, R AL 68 B D 0 0010 W L AR S J7 FR A 38 4 22 B KE 7= W 00 8l T 247 X 4 22 iU B JE 2L AR IR AT T = 4 8l J 25 0 ELATE Y
GESE R TEAERE LA N 0.22 pF, FEHL LR A 3900 VI A AF T, 4 22 s B K= 4 1 R K AK S B AT 35 8913 mes™!  #E /4% 1.63 mm
J& K& J9 3000~4000 m-s™", 3% 44T M5 R I SR T 2.4 GPas; BB 45 50 53006 25 S i 0 L W7, 1050 0T 15 i J e 7 4%

76 B IO (6 14 7 R 6 9 SR AR — B, 3R W SR T 7 I R A b TE T W LIRS O R RE 8 S 0 4 0 < 22 B AR K 7 W 8 Bl
SEAT O, VR K 7 0 i e R A TS B R R ) S L R R T 2 0 R N I
R WD s R WAL WOL T W s 3h 2 0 H s W LIRS O

hE 4 ES: T)55; O384; 0381 XEPRERD: A

DOI:10.11943/CJEM2018336

1 81§

4 JB 22 PO R N R MR KR 22 TR S RN RT T OG0 SCHE
PR . DUBRNE 229745 S ), LA D38 h < 0 Fe [l B
1 TG AL 1% ) it B H 28 0 PR, OB I U (A 0 T 22 35
4 T o FRL A 46 DB 2 A Ik ol L G A VR T R A PR 1Y)
- - VR L AR AR, O H e 2000 B T R A B A
W 5 il %) HE 24 A e A 2 I g O ELE A%
U SR TR RN % R I IR () R 43 ) ) AR Ak R
AR AN 22 8 S VLAY SC R ) @, [ PN Ah 2
RN 4 22 % R R KR TR) R R TR B S N AR A
LR 5T, 1E 5L 5 BF 55 77 1fii , Grinenko A"~/ FlI Sarkisov
G S'7VEENT AR 22 A 2 RN 22 7E KT ORI L2 Hh Y E L
JERTFRIF R T RGN LW FNM e E IR T
R S 6 O ke SR i AR R B B 4 Y

Wi HE: 2018-12-03; € HH: 2019-01-31

W 4 H iR B : 2019-04-01

EEWB: HEXAARR AR LU H(11872342)

EER N : EHZE1989-), 55 By AT 5 51, F 2N FESE S vhif
J12E K TR THTS . e-mail : wangwanjun@caep.cn
BEBRERAN: ARG (1977-), &, BIWFSE 51, 322 N kT B R
W98 . e-mail : fugiubo@caep.cn

SIRAARS : 7% PN sk, 5 L S GORD Y 4 22 o 8 0 0 O R DU

AR, X W2 R0 6] JOJE K 4 22 Hi HBe e
O ORI P g e R N B S T A R R N S
ARG R EAT T RIS s 3 AR R OGBS
20 R0 I ) RO PN ) E B DURR S 4 A 22 I i T LA R
FOR R G5 AT TR SE 5 o R AEO SR R
R T Z R R R BT P KR S O ML A
SR R AR L R BE A RAER
2R R U AR ARAS TR R 22 v U R T N i)
e, LA K Fi e K ol it v R I 222 1) 5 T2 it 2= 18] 19 73 A 5 B
AN A g — e BCE T AR R A L T O
i 7 R AR Y BB T 2k

LA Y, H RN 4 22 BB R R S5 IR &2
JEAE N 2 AP I ) RUBE N T R i HL 3 B AT i 22 1Y
JE K B AR A SRR I R R ) AN By L
N0y B T AT R D T LI R S 4 T 22 R R A
U 5 T A 55 I P 8 S IR 5 B UL L e AR Y —
245 EL o0 32, X T AR RO FR AR A = 4 R (R UL AT
FEATI AR B o 7 SR T HOE PRAT IS BOAR % E
X R A AF T A 22 WL B K 7 ) B R K oo R A S e
B, I HEE THOU A R S AN R I 20 3 3 R S o
i 2 A I 1] i b X R 5G 2R 5 R W LARZS J5 Rt it
RURRKE P W B9 3l 32747 0, 3 Sr — b 4 22 HUBR I TR

SYEE) Iy FL & RE M OEL,2019,27(6):473-480.

WANG Wan-jun, SUN Xiu-juan, ZHANG Lei,et al. Sub-microsecond Interferometry Diagnostic and 3D Dynamic Simulation of the Bridgewire Electrical

Explosion[]]. Chinese Journal of Energetic Materials( Hanneng Cailiao),2019,27(6):473-480.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2019 % %27 % % o6 (473-480)



474

EE NIRRT L S8, B 9 Rk

Mg =4E 3 7223t 807 vk AR B R Al b X 4 22 e AR 1
PRI T R A A B A T s L R R AT RS

2 &R RO RS

21 ERREBEMEE

3 F Mach-Zehnder T3 I HY O T HE AR &
A 2 ok 75 b A HE O 3 AR 0 A BT BT SR T
N WL R B & 1 R . B e, DG535fF 5 &
A R 7 T Bl R AR R R A S 1 A i R R 22
F, ] 8% 1 fih & JF G, ol P B PA 5 i B PR 255 00 Pl 7 A ik
WL, A A H M 0.22 wF, FEHL LR R 3900 Vit
RAG S 2 15 i 2 WOE MK b & A 3 4 I8 B S 7 AR Ik e
WG, bkosh 6 P R 532nm, 130 ps Nd: YAG
BG4 (B5 o Ekspla PL2251C) , Bk vh #0062 73
HeBE G A AP, o — S i R AT AT
45° )2 58 R 415 B3k BAH AL (Canon 700D) , 53 4h—
W& MR E N , 558 — R ket 4.
FH T 58— AR K P O A 2 aek F R K IR S ) AR AR A AR
b, R 5 58 ZHROBOIE A T 7 A R T AR B0 A
Ak kU R R BR A R 15 5 — AR o ok L bR
FE 7= Wy T8 30

oscilograph | +—| POOV0E - camera,

interferograms T

current signal

beam splitter " —— ——»

beam splitter

exploding wire
capacitor ~ plasma

Tbeam splitter mirror
—_—

trigger signal ] T
1 trigger signal | laser beam

DG 535| —2, [532nm 30 ps Ekspla

B AR W IR RO T I R SR R R

Fig.1 Experiment arrangement of the interferometry diagnos-

tic system

TE 2 — AUk i O'E 27 2o i R K 0 ) Dl i i
EOCHIREE R IR b O AR S F A 0 AR S B A g
4 A5 5 75 78 A BB AR A (DL AT 2) 32 AR W o i
PO AR 5 5 2o R B 0 U 3 B4 I 2 5 T P SR P 22 G 46
I e LI 2K O BRI IR — 5 78 B A AT 00 %
(P 2) 0 s SRR i £ A e Bk A hy I 18] 25 6, e 3 4]
O R R B IE A 2 8 A1 R R T 4 B9 X L A E
g AR AT 35X BT A5 30 39 2 3068 L 4 LA 220

ARSLE R RS M A B R, L B R T

Chinese Journal of Energetic Materials, Vol.27, No.6, 2019 (473—480)

M) 7 P 3 A5 5 12 DA R I 46 ) 07 — AN PR 5 S LR
FHE S I A B0 5% A 3 H B e 2 o B A 515
DL KR W % 0 B = AR . o i T ARE S R A
[F]— 5 7 U A% FEAT 1 55, DRI I 7 2 25 10 g 1 s 1] —
AN [) 20K BE 5 AR S MR S A R K R
1 m, B AR 5 0 A% i sF 18]t — 30, R 5% i) [R) 25 8
% TG 2 P O H, 2 o 45 1) o) 7 BF (] B 9RO 98 4 — B,
HEWEB RS ns 24, HZ2Z/NT 5 ns, L85 401,
R E S SHRGES MR L3 2E/NT 5 ns.

4000
curent +1.2
signal
20001 0.8
>
< : =L
= burst time signal peak 04 @
04
R 00
—2000 . . . : -04
0 200 400 600 800 1000

tins

B2 Hobuifs s At E S
Fig.2 Transient current and photoelectric conventer signal
2.2 KM

>R A S 96 s LR AN 3 Bz ol R L R A
FE SRR G 220 Ik — I S B RE L R B 1R, O —
g 8 o R Ty N e 22, & 22U N 99.99%
Wz HAR D KEE LU g 22 5o ZE e HE
NPT PR o AESCK AT, >R AL fk B X 32 B

leg wire
weld spot
plug exploding wire
leg wire
e

B3 A s R A

Fig.3 Schematic diagram of the samples in experiments
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Table 1 Parameters of the bridgewire used in experiments
D/ mm L/ mm H/ mm

1# 0.04 1.18 0.10

2# 0.04 1.17 0.10

3# 0.04 1.18 0.10

4# 0.04 1.17 0.10

5% 0.04 1.17 0.10
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Fig.4 The flow field of the explosion product at different typical moments
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Table 2 The travel time, travel distance and average veloci-

ty of the explosion product at different typical moments

time travel time travel distance average velocity
/ ns / ns / mm /mes™!

132 0 0 -

160 28 0.10 3571

206 74 0.51 8913

304 172 0.99 4898

336 204 1.12 4063

492 360 1.63 3269

3 HAFHERMUGR

3.1 tEER

G L B KE PR YT T A R S AR 2R T
149 3t 7 8 Ak 3ok R A AE A R, 7 R v R e TR
4 i M ok R 35 A SR 5 R S 7 ) S AL Y 4 5 AR
A7 Cam WL R & 05 8210 il A H R AE R R
TR R TR RE . 2 S
S5 W 0 B AT A A 0 S AN TR AR AR K 2
FARaly/ o) QUSRI SUN L L RPN
I TE A T AR R S R R R R S DL R AT A A AR
AW 7= A — s R L SR RN K PR W I K 5 1R B fiE
SEAFE  JE 27 L P ER I 0 0 S U8, DT X I A v Ak ot AR
TR WA o G SRR AL RE AN T WL AR T
TR R R TR 0 A R B R K T
A A XoF 4 22 i S KE b R T R B0y 0 2 BB 5

K AR 3h ) 2# BUE B U AUTODYN,
Xf 4 22 45 25 S I F AR M I R EAT T e R A ST
I8 R 2 0 KR A% HE S T /2 °F T FR AR
R U 5 T AR A A5 A FE R R RE 2 s
o MR ZE 1 RS B X A5 E 7 0 1 I K o R S e S
g T WA R R FE TR BN 0.1 mm R A

Chinese Journal of Energetic Materials, Vol.27, No.6, 2019 (473—480)

G 22 0 23 R o SR R O TR 2R AT AL, 0 A% SR
5 wmx5 pm B IE T R PR o H R FE B R PC LU AT
FERE N G, 28 AR T B AR R 5 R i 0A , R AU-
TODYN M4 L A4 A 5L R L8 %

Bl 5 Grzezs PRI R R
Fig.5 The simulation model for the electric explosion of the
bridgewire in air

< 22 FLARR M 7 0 SR AL B AR S TR WL AR
ST BT A ) PR

“Rypg ~Rypy
, o)
p=All- p)e”+B(1— p)e”+
Rip, R,p,
E, + Q(t
wp(()()) (1)
m

K, p ik, Pasp 4 2 B MEF=WIR % %, g-cm ™,
po B WU AA , Ul 4 M ORI JR IR % B A(Pa) W B
(Pa) \R, Fl R, R #0552 85 5 1B 15 Fi 48 4 7 0 ok o Ji 7
PR AR SR 2 O RS Ry M 1.67, 0 B
y=1=0.67; E,J& 4 221 R s Z W LRI B 4 ) Q (O
W R S Z AN SRR AR HAR )5 B R Q) B ok 4 22 4%
S o AR v R il 2 R e T il 2R B R A i dn X
(2) R (3) PR s m ok 4 221 2 T i, kg

®3 GLBIETYIWLIRES T B S
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Table 4 Comparison of the product travel distance between

the simulation and experimental results

simulation travel experimental travel

time /ns error / %
distance / mm distance / mm

160 0.09 0.10 10.0

206 0.46 0.51 -9.8

304 0.94 0.99 -5.1

336 1.10 1.12 -1.8

492 1.75 1.63 7.4
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Sub-microsecond Interferometry Diagnostic and 3D Dynamic Simulation of the Bridgewire Electrical
Explosion

WANG Wan-jun', SUN Xiu-juan', ZHANG Lei*, LEl Fan', GUO Fei', YANG Shuang', FU Qiu-bo'
(1. Institute of Chemical Materials, CAEP , Mianyang 621999, China; 2. Second Military Representative Office of Air Fore Equipment Department in
Mianyang Area , Mianyang 621999, China)

Abstract: Electrical explosion of the thin golden wire is fundamental for the EBW detonator. In this paper, the expansion process
of plasma generated in 0.04 mm wire explosion was captured using interferometry diagnostic. Moreover, the transient current
during the electrical explosion was also measured in order to establish the connection between current and plasma expansion in
time domain using a photoelectric transducer. 3D dynamic simulation of plasma expansion was conducted, in which JWL equa-
tion of state containing energy term was selected to describe the dynamic behavior of plasma. The results shows the simulation re-
sult was in good agreement with experimental results. And under the condition of 0.22 wF capacitor and 3900 V charging volt-
age, the expansion velocity of plasma reaches 8913 m+s™,and then 3000-4000 m-s™" after travelling for 1.63 mm. The pressure
of plasma is higher than 2.4 GPa. The satisfactory agreement between simulation and experiment indicates that the JWL equation
of state is suitable for plasma generated in electrical explosion. The simulation results show that the change of the pressure and
density of plasma with travelling distance could be described using polynomial function. The result in this paper was able to give
more insight of the mechanism of EBW detonator and thus provide suggestions for the design of the EBW detonator.
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