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Fig.1 The diagram of the output interface structure of a Four-

point Array Exploding Foil Initiator
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Table 1 Simulation conditions
Conditions p/g-cm™ d(l) / mm h/mm
1.40
1 1.55 3.0 (2.0) 4.0
1.65
1.5 (3.5)
2.4(2.6)
3.0 (2.0)
2 P 4.0
3.6 (1.4)
4.5 (0.5)
5.0 (0.0)
2.0
3.2
3 . d,(1,) 4.0
4.8
6.0
Note: 1) p is the density of the explosive; 2) d is the diameter of the explo-

sive; 3) [ is the spacing of the explosive; 4) h is the height of the ex-
plosive; 5) p, is the density of the explosive with the maximum con-
verging pressure; 6) d_is the diameter of the explosive with a suitable
converging pressure margin; 7) [ is the explosive spacing with the

maximum converging pressure.
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Fig.2 The physical model of the output interface of the

LLM-105

Four-point Array Exploding Foil Initiator
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Fig.3 Finite element mesh model
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Table 2 Material parameters of HNS-IV™!

p D P Ax10* Bx10?
/g-cm™/km-s' /GPa /GPa /GPa
0.067 4.80 1.40 0.32 0.0600

R w E,

1 2 0

1.40 6.340 14.5 3.665
1.55 6.890 189 4.690 0.130 4.58 1.79 0.30 0.0845
1.65 7.030 21.5 4.630 0.088 4.55 1.35 0.35 0.0745

2.2.3 HEBIE

o B e B ) 2R e R 1A P o R AT AL Y T SRR
JE TS XT B HNS-IV 25 R 5 LLM-105 25 4 /9 3o 72
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K L 4 FIF 735 9 B 5 HINS- IV 28 R A8 78 JE 47 R 4D,
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A4 mm, &5 AU A5 7 (BRI LLM-105 218 a0 ) #Y
By s 3 AR Al 2 o ] 1B S HINS-IV 24 A 47 A4
By 1290 18.5 GPa.

Shy 05 R A RN 5 SR R R A BEL 3k X AR (] RS Y
B HNS-IV 285 R4 5 i 10 R ) AT I . S R e
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HNS-IV1. 55

B4 E HNS-IV 25 H: (7 B
Fig.4 The simulation model of a single-point HNS-IV grain
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Fig.5 The output pressure change curve of the HNS-IV grain

Chinese Journal of Energetic Materials, Vol.31, No.12, 2023 (1279-1286)

SORE B 2GR T RS 1 mm R A HLEE I i
56 2R FH ol 20 i ) s L A% Jeeie SR S AT LB 38 5 — s 1 Ak
(89 o1 T B T,y SR 5 A bt AR HLBETE b i
Il KL T A v o B T p, IR A SR AR 3
IR

F3 HNS-IV AL R Ty i 2 5
Table 3 The results of HNS-IV grain output pressure test'"”!

serial number P,/ GPa Pmo ! GPa

1 15.77 19.79

2 13.14 16.49

3 13.69 17.18

4 14.54 18.20

5 14.14 17.74

6 14.57 18.29

Note: 1) p, . is the terminal shock wave pressure; 2) p, _ is the initial shock

wave pressure.
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Fig.6 The pressure change curves converged to upper surface center of the LLM-105 on different density conditions
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Fig.7 The pressure change curves converged to the upper surface center of the LLM-105 on different diameter conditions
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Fig.8 The reactivity of the output interface when the grain diameter is 1.5 mm
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Table 4 The upper surface central pressure of the LLM-105

on different diameter conditions

d/mm 1.5 2.4 3.0 3.6 4.5 5.0
P/ GPa 3.2 6.1 18.7 19.7 23.7 27.9
Note: 1) dis the diameter of the explosive; 2) P is the surface central pres-

sure of LLM-105.
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Fig.9 The pressure change curves converged to the upper surface center of the LLM-105 on different height conditions
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Table 5 The upper surface central pressure of the LLM-105

on different height conditions

6 U AT SRR R BRI HNS-IV 51 1 45 M BT S 4K
Table 6 The structural design parameters of the HNS-IV ar-

ray that meet the reliability index requirements

h/ mm 2.0 3.2 4.0 4.8 6.0
P/ GPa 6.3 14.8 18.7 18.0 18.5
Note: 1) his the height of the explosive; 2) P is the surface central pressure
of LLM-105.
-
25
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[ -
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T~~>——5 75 3 35 4 45 0

215 2

h/mm d/mm

B 10 LLM-105 Lm0 /15 HNS-IV B A2 | & B 0 s L
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Fig.10 The functional relationship model of the LLM-105 up-

per surface center pressure and the diameter and height of the
HNS-IV
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Design 5
p/g-cm d/mm h/mm R,
structure
1 1.97 4.32 0.9995
2 1.98 4.44 0.9999
1.65
3 2.03 4.35 0.99995
4 2.04 4.44 0.99999
Note: 1) p is the density of the explosive; 2) d is the diameter of the explo-

sive; 3) his the height of the explosive; 4) R, is the design reliability.
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Reliability Design Method of Four-point Array Output Interface of Exploding Foil Initiator

MA Wen-tao', MU Hui-na', QIN Guo-sheng’, LIU Wei', ZENG Xiao-yun'
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China; 2. Shaanxi Applied Physics and
Chemistry Research Institute, Xi'an 710061, China)

Abstract: Aiming at the lack of reliability quantitative design method of the Exploding Foil Initiator (EFI), the reliability design
method for the Four-point Array output interface of EFI is studied. Firstly, based on the Stress-strength interference model, the re-
liability quantitative design method considering double margin coefficients is proposed, and the quantitative model between out-
put performance parameters and reliability index is constructed. Then, the output performance of the output interface on differ-
ent design parameters is simulated, and the quantitative models between the output performance parameters and structural de-
sign parameters is established. Finally, combined with the above two types of quantitative models, the structural parameters that
meet the requirements of the output interface reliability design index of the four-point array slapper detonator are given. The re-
sults show that the method can effectively improve the reliability design accuracy of EFI’s output interface and then achieve accu-

rate design.

Key words: exploding foil initiator; output interface; numerical simulation; stress-strength interference model; margin; reliability
design
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