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Fig.1 The finite element model of exploding foil initiators
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Table 1 The material model parameters of the flyer
material p/g - cm™ Ci/m - 5™ S y
lucite 1.181 2260 1.816 0.75
ceramic 3.9 6900 1.45 0.5
polyimide'®!  1.42 2737 1.41 0.76
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0.792 GPa,B=0.51 GPa,C=0.014,n=0.26, m=
1.03,T=1793 K,
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Table 2 The ignition growth model parameters of HNS-IV

(p=1.55g-cm™)

JWL unreacted product . reaction rate parameters
A/GPa 33318 536.25 | a=0.266 1=7.46x10"
B/GPa -2.5 27.02 I b=0.667 z=3.0

R, 11.5 5.4 I c=0.667 x=20.0

R, 1.5 1.8 I d=0.111 y=2.0

w 0.5675 0.45 I g=1 e=0.667
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Fig.2 The variation curves of internal pressure and extent of reac-

tion of explosives with time under the input energy of 1565 kJ - g™
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Fig.3 The variation curves of internal pressure and extent of reac-

tion of explosives with time under the input energy of 1.566 kJ - g
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Table 3 Variation situation of the flyer speed with bridge foil

thickness

1

thickness of bridge foil flyer speed/m - s~

/pm 2000 V 2400 V 2800 V
1 2424 3011 3303
2 2563 3125 3405
3 2546 3091 3373
4 2519 2958 3354
5 2458 2850 3343
6 2376 2795 3316

HIZ 3 A, X TR EAE 3 ~6 pm Hi i, AH [ fE

St
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Table 4 Variation situation of the exploding foil initiator igni-

tion threshold with bridge zone width

width of the bridge ignition energy of ignition voltage of

zone/mm simulated/k) - g~ simulated/kV
0.45 1.103 1.092
0.33 1.394 0.900
0.30 1.566 0.867
0.27 1.910 0.860
0.24 2.354 0.851
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Table 5 Variation situation of the exploding foil initiator igni-

tion threshold and the flyer kinetic energy with different flyer

materials
ignition energy  ignition kinetic
flyer material  of simulated voltage of energy of
/k) < g™ simulated /kV flyer/m)
lucite 1.920 0.961 1.653
ceramic 16.500 2.815 6.012
polyimide 1.566 0.867 1.456

M Iy 2= R o, OB R 5T U)o
0.15 GPa'"' | Lt % (100 GPa) FiI 5 HL 3% H5 (2.37 GPa)
/0N, BRI HEBY ) 2 5 0K, 45 By W 3 U0, 48 o MR 24 i 4 T i
R K, TR AR T EFI AL I3 e o o DA < K 24 I 1)
BIRET &, REEW R i ME 25 T fe E R B e >
1.456 m), LB % A ALBE 5 € A i B g sl i
N BT AR BE A R A LT 1 FH SR I I e B
2 Ty ik BB RE , PRI A SR R e K R BB A8 R AR
EFl & K S{H .
3 YHEEMBREBEERZNRENZN

PEPE IR W R R, B R AR 4R (7.5, 10,
12.5,25,37.5 wm) Xf EFl % Kk [ {8 19 5% ), 45 5% 00
F 6, HE6ATHM,37.5 um KHJERERY EFI & K
3 1.068 kV, 1fii 25 um K R K K Kk HE N
0.867 kV,F&fIK T 18.8% , % Wi/ & Fr J5 B2 A A T F%
I EFI B & KRE X 5 SCHR[ 3 ] 4518 — 3.

R 6 R ARA R K BELRE 6 R A A AL L
Table 6 Variation situation of the exploding foil initiator igni-

tion threshold with flyer thickness

flyer thickness ignition energy of ignition voltage

/pm simulated/k) - g™ of simulated/kV
7.5 1.257 0.777
10.0 1.124 0.735
12.5 1.128 0.736
20.0 1.331 0.800
25.0 1.566 0.867
37.5 2.375 1.068

TEF 6 BYEER b B4 T 7.5~37.5 um KR JE
TE 4K L PR Ok Bl 3145 1 © R, 45 G Yadav /Y
K25 LR A R B A 20 X i R R T p
ok bRz b ]« #EAT IR A AR MR 7, LA il
LRUNIE 4 B o fh P4 AT KE 25 BE TR AT R A9 AR X
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Table 7 Calculation results of critical detonation pressure and

pulse duration with different flyer thickness

flyer . particle detonation  pulse
. velocity . .
thickness Ik 5 velocity pressure duration
/pm mes /km-s'  /GPa /s
7.5 1.545 0.788 4.08 0.0039
10.0 1.321 0.677 3.33 0.0055
12.5 1.267 0.649 3.16 0.0069
15.0 1.235 0.633 3.06 0.0084
17.5 1.217 0.624 3.01 0.0098
20.0 1.207 0.619 2.98 0.0112
22.5 1.163 0.597 2.84 0.0127
25.0 1.153 0.592 2.81 0.0142
30.0 1.138 0.585 2.76 0.0171
35.0 1.093 0.562 2.63 0.0201
37.5 1.056 0.544 2.52 0.0217
5.0
45] p*¥=1.21(GPa**pis)
2
R =0.9247
40] \= 0.9
©
a
© 354
[=1
3.04
2.5
20 T T T T
0.00 0.01 0.02 0.03 0.04 0.05
7/us

4 YA YR AR I 22

Fig.4 Fitting curve of initiation criterion
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10 pwmid/NE] 7.5 wm B, R 3R T 2%, 1 1t
IF I AR T S8 T 22.5% , Hy 58 48 R A ok Y
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FE I3 T i AN LA 2 i SR A 7, JE AN e R A R
SEMEFE . KT 10 wm 12,5 pm KA, 10 pm
TR R RE 2 T e T R T 12.9%,
12.5 pm ® 53 B A 1.9% , BEWT T 75 B (ki A RE
EATEOLT ,12.5 wm Ky g A Y R T R IR T
I B, A BE A 2B B A 35, X AE 12,5 wm &
R & KRR T 10 wm R KR LA

®8 1.2 K - g BB RSB A W R G B R Rk o
IR RSP
Table 8 Calculation results of pressure and pulse duration of
driving flyer with different thickness under the input energy of
1.2k - g

criterion . criterion

flyer . shock . duration

. velocity detonation pulse
thickness _; pressure of shcok .
Jm /km s /GPa pressure duration

» /GPa » /s

7.5 1.479 3.86 4.08 0.0039 0.0039
10.0 1.450 3.76 3.33 0.0054 0.0055
12.5 1.286 3.22 3.16 0.0069 0.0069
15.0 1.247 3.10 3.06 0.0083 0.0084
20.0 1.143 2.78 2.98 0.0113 0.0112
25.0 1.020 2.41 2.81 0.0144 0.0142
37.5 0.865 1.97 2.52 0.0225 0.0217

3.5 MEERKENREARESZNEENZN

T W) RGN A BE XS BRI R I B Y Y
M), >R FH P A 32 X6 AN [] o 3o B K B R EFL & ok HL R i
AR, S5 AN 9 s o Ay EL AL v i b K RE 4
W% 0.125,0.225,0.250,0.275 mm, # % K <+ K
0.2 mmx5 pum, H# 9 Al A, AL 45 d 0.125 mm
i B 1 & KLU 0.766 KV A LE F0.225 mm
TS i 1) R L R R T 13.3% , 3R WU/ o i G
FEA R T KA BRI (9 A OB, 5 58 5 48 B —
B

RO HRME AR R A S K 1 (L A ) R ) A A1
Table 9  Variation situation of the exploding foil initiator

ignition threshold with different length acceleration chamber

length of acceleration ignition energy of ignition voltage

chamber/mm simulated/k) « g~ of simulated/kV
0.125 1.648 0.766
0.225 2.183 0.882
0.250 2.736 0.987
0.275 3.488 1.108

K5 TR e KT 40t 0.125 mm Fl 0.225 mm
I R IR S . BT SRR, RO Bl ok e BT

b
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Fig.5 The flyer form of different length acceleration chamber
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Numerical Simulation of the Factors Affecting the Ignition Threshold of an Exploding Foil Initiator

QIAN Shi-chuan, GAN Qiang, REN Zhi-wei, CHENG Nian-shou, FENG Chang-gen
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: To study the influence of the transducer component composed of bridge foil, flyer and accelerating chamber on the ex-
ploding foil initiator (EFI) ignition performance and achieve the goal of reducing the ignition threshold, ANSYS/AUTODYN soft-
ware was used to simulate the process that bridge foil driven flyer to detonate HNS-IV. The influence of bridge foil thickness on fly-
er speed was studied, and the influences of bridge area width, flyer material (organic glass, ceramic and polyimide) , flyer thick-
ness and accelerating chamber length on EFI ignition threshold were investigated. Results show that reducing the width of bridge ar-
ea is helpful to reduce the ignition threshold of exploding foil initiator. Under the same input voltage, the speed of flyer driven by
bridge foil with thickness of 2 um is maximum. The ignition voltage of exploding foil initiator decreases firstly and then increases
with the increase of flyer thickness, and the ignition voltage is lowest when the thickness is 10 wm. Compared with 0.225 mm,
0.250 mm and 0.275 mm accelerating chamber, ignition voltage of 0.125 mm one is lowest, so reducing the acceleration chamber
length is beneficial for reducing ignition threshold of exploding foil initiator. Under the condition of determinig the accelerating
bore aperture, “infinite” accelerating chamber is better than “finite” accelerating chamber for reducing firing voltage of EFI. Poly-
imide has better mechanical properties, lower ignition voltage and lower kinetic energy compared with other two materials (organ-
ic glass and ceramic).

Key words: military chemistry and pyrotechnic technology; exploding foil initiator; fluid-solid coupling; numerical simulation; ig-
nition threshold
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