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Abstract: An assembly of exploding foil and flyer for slapper squib was invented. The flyer is a type of heat melting gooey, can integrate the
exploding foil at about 230 °C to form the assembly. The assembly conquered the difficulty of the 5000V insulation of minitype slapper squib with full
metallic shell, improved the ignition reliability and might improve the shelf life of the slapper squib, and had no effect on the output performance of

the slapper squib.
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1 Introduction

The ability of 5000 voltages insulation in 1 minute is a
basic character of insensitive electric pyrotechnics™’, for
which the slapper squib must be designed. The slapper squib
was made up of exploding foil, flyer, acceleration barrel,
metal shell, charge, etc. As the minimum distance between
the exploding foil and the metal shell of the slapper squib is
only approximately 1.35 mm, the air gap between which is
discharged when the voltage is less than 4000V'. Many
methods had been tried, such as insulation coat and anode
polarization of metal surfurce, exploding foil rounding, and so
on. But none was done for high voltage of 5000V /1min.
Through thoroughly analysis, we found that the most feasible
way is cutting off the air channel between the exploding foil
and the metal shell. In-situ formation of insulation flyer and
gluing were two basic methods to cut off the air channel be-
tween the exploding foil and the metal shell.

In-situ formation of insulation flyer includes gas phase
doposition and liquid flyer material coating. By gas phase
doposition, the flyer material could be deposited on the sur-
face of the exploding foil, but the density and adhesion force
of the formed flyer were not so strong as the usual flyer, and
this method needed complex and costly equipments™’. Coat-
ing liquid flyer material on the exploding foil and solidification
at about 300 °C was the other way, but converging of the lig-
uid material to the center of the exploding foil while solidifica-
tion was difficult to control, the flyer was not even and its
thickness was not uniform.

The liquid, uncoagulated and heat melting gooey could
be used to glue the flyer to the exploding foil”>'. The liquid
gooey glued orbicular fringe of the flyer to the exploding foil,
it functioned when controlled well. However, it was not easy
to control well. As able to be flowing, it would flow to the
center of the foil. As a result, the fire sensitivity of the slapper
squib could be affected. The uncoagulated gooey could be a
good choice as it is simple, insulates well and does not affect
the ignition, howerver it affected the pressure output of the
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slapper squib. Until now, the heat melting gooey is the best
choice, for it insulated well and could not affect the other per-
formaces of the slapper squib. The principle of the method of
the heat melting gooey and its effects on the performaces of the
slapper squib were introduced.

2 Experimental sample

The heat melting gooey used is a kind of Polyimide-PI
complex film, not stick and dry at normal temperature. And
when heated to about 230 °C, the complex film could be
glued to surface of ceramic, metal and so on. And as it
showed in Tabel 1, the Pl complex film was comparable to the
pure Pl film on performances of insulation and mechanics, it
might not affect the ignition and pressure output performace of
the slapper squib. Based on these characteristics, it was used
to cut off the air channel between the exploding foil and metal
shell of the slapper squib and form an integrative part'*’. The
samples made showed in Figure 1.

3 Performances

3.1 Resistance and appearance

The resistance variation of the exploding foil after gluing
at high temperature might affect the ignition of slapper squib.
So the resistances before and after gluing were measured
which showing in Table 2, there was no significant variation
about the resistance after gluing.

Fig.1 Sample of the assembly
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Table 1 Performances of the complex film and the pure film
complex film pure film
translucent golden translucent or

appearance dry film at normal transparent
temperature golden film

density/g - cm™* - 1.42 £0.02
extended strength/MPa =110 =135
elongation rate at raputure =45% =45%
average insulation intensity/(MV/m) =150 =150
surface resistivity at 200 °C/ Q) =1.0x10" =1.0x10"
volume resistivity at 200 °C/Q +m  =1.0x10" =1.0x10"
relative dielectric constant at 50 Hz 3 ~4 3.5+0.4
dielectric decaying factor at 50 Hz <1.0x107* <1.0x107?

strength of peeling off =7.5 N/25 mm

Since the complex film could react with the exploding foil
and the ceramic plug during long preservation to affect the ig-
niton and insulation of the slapper squib, the resistance and
apperance variation of the assembly of exploding foil and com-
plex film could reflect this. The 71 °C accelerating ageing test"”’
was used to simulate the long preservation, and as it shown in
Table 3, there was no apparent change on the resistance and
the appearance. According to GJB 736.8-90 Method of the test

Table 2 The resistance of the exploding foil before and after gluing

at 71 °C, the life of the assembly at 25 °C is 22 years at least.
3.2 Ignition

The igniton ability of the assembly of exploding foil and
complex film was tested by “go” and “no go” method™’. The
assembly was used to initiate 1.55 g - cm ~> HNS-IV pellet by
0.3 pF capacitor discharge in the test. The results are in
Table 4. Calculation based on the results shows 50% explo-
ding peak current is about 1750 A, which is less than the slap-
per squib with usual film 300 A, owing to the integration and
thinner film. The radius expansion decreasing of the the explo-
ding foil plasma by integration and the thinner film can in-
crease the impinging velocity of the flyer.

3.3 Insulation and output performance

Five slapper squib with Pl complex film were fired on vari-
ous initiation current after 5000 V/1 min test. The output pres-
sure of the pyrotechnics were measured in the close bomb of 0.
6 cm’, and the result was shown in Table 5. It can be conclu-
ded that the complex film had no effect on the output perform-
ance of the slapper squib. Because even the initiation current
less than 2500 A, the first peak pressures still satisfied the de-
manded 150 MPa to 230 MPa and the times of the first peaks
still satisfied the demanded less than 200 ws, owing to the initi-
ation ability increase of the exploding foil and flyer assembly.

No. 1 2 3 4 5 6 7 8 9 10
resistance before gluing/mQ  31.90 32.32 33.30 32.18 32.62 33.26 32.68 32.14 32.21 32.05
resistance after gluing/mQ 32.43 32.86 32.94 33.32 31.65 31.55 33.24 31.99 32.35 32.52
Table 3 The resistance and the appearance before and after 71 °C accelerating ageing test
No. 1 2 3 4 5 6
resistance before test/mQ 38.09 30.21 31.49 35.47 35.06 35.65
resistance after 28 days ageing/mG) 37.36 29.48 31.15 33.91 34.81 35.36
apperance after 28 days ageing no significant variation
resistance after 56 days ageing/m () 39.15 30.29 31.69 34.97 34.30 35.18
apperance after 56 days ageing no significant variation
resistance after 84 days ageing/mgQ) 37.7 32.6 34.1 36.3 36.7 36.7
apperance after 84 days ageing no significant variation
Table 4 The results of “go” and “no go” tests
No. 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
1900A 1 1 1
1800A 1 1 1 0 0 0 1 1 1 1 1
1700A 1 0 0 0 0 1 0 0 0 0 1 0
1600A 0 0 0
Table 5 Pressure output of slapper pyrotechnics with complex film
No. initiation current output delay time of first pressure peak first pressure peak pressure at 200 s note
/A /s /s /MPa /MPa
1 3000 57.6 38.4 190 216 all pass 5000 V/1 min
2 3000 60.0 40.0 169 200
3 2780 61.6 35.2 181 210
4 2540 60.0 38.4 174 206
5 2260 60.8 41.6 157 196
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The complex film had no negative effect on the resistance,
appearance, fire sensitivity and output performance, so it was
pleasible for 5000 V/1 min of the slapper squib. Moreover, the
complex film could improve the reliability of the slapper squib,
simplify the assembly of the slapper squib and make the slapper
squib be more adaptive to abnormal environment.

References.
[1] WANG Kui-quan, LI Yun-lai, XIAO Pei-rong. GJB 344A-2005.
General design specification for insensitive electric-initiators[ S].

—MIRMESE SR AH
WA, B, RAR, & W, 2 %

(PETRYEF R IR, W 4H 621900)

WOE: Oy TSN A G E S b T S KA R 5000 V/T min (A BT R B SR OFE] T — OB KR R 4L . 4RI E S
R I W AT ROR L7 230 CRpi AR AT T SR AT M B AL 7 TR — AL L o AT TS SRR W, #2 GJB 344A —2005 B TR, %41
PFRE AR 1 b 52 B /N AL 42 4 J8 7 i A K Ads 5000 V/1 min B4 B R 25K 5 e iR Ak B S 20 00 8 0 9 W BEL AP LA DR 2 571 °C
I Z AL 84 KA1 R B AP ULTE A AR AL 5 BB AR SE AL TR 50% S KRR 1750 A, HUAR [R) 2% 2 T R 55 26 3R Tt 1T g 37
TR REAR 300 A LB L ARRS /NS A 4y 58 ot A R A e R RE TG B R

KW AR RS TR SR whili A d s W IRAE

HhESHES: TS XHERFRIRAGD: A DOI: 10.3969/j.issn.1006-9941.2012.04.003

CHINESE JOURNAL OF ENERGETIC MATERIALS

W
N
oo

A 2012 % 204 %43 (397 -399)



