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Abstract: The two types of flyer were designed to study short duration pulse shock initiation characteristics of ultrafine 2, 6-diamino-3, 5-dinitro-
pyrazine-1-oxide( LLM-05). The firing testing of ultrafine LLM-105 is implemented by D-optimal method based on analysis of flyer velocity. It is
found that the flyer velocity is increasing as increasing pulse current. The velocity is sensitive to current variety for large dimension flyer by contrasting
small dimension flyer. The inferior velocity consistency for large flyer exists, which has the relationship with air resistance. The air resistance is in-
creasing with improvement of flyer dimension. The 50% firing current, of ultrafine LLM-105 is 2. 14 kA by small dimension flyer, which is almost e-
qual to initiating threshold of HNS-IV. It is indicated that ultrafine LLM-105 would be used for initiation explosive at slapper detonator. The LLM-105

explosion system will satisfy the development trend of slappde detonator, namely, desensitization, low input energy, and so on.
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1 Introduction

To meet the high energy and insentive regirement of
advanced weapon, safety and reliability of explosive were
made more stringent requirements or even contradictory!'’.
This problem gave rise to researchers’ attention around the
world. 2,6-Diamino-3, 5-dintropyrazine-1-oxide ( LLM-105)
is a new compound, which synthesized by LLNL at 1993,
Its performance and insensitivity is between those of HMX and
TATB. lts calculated energy content is about 85% that of HMX
and 15% higher than that of TATB" 7).

insensitive to shock, spark, and friction and has impact

It is thermally stable,

insensitivity approaching that of TATB in comparision to

traditional explosive”’. These properites make it very
interesting for several applications such as insensitive boosters,
detonators, and possibly main charges in specialty munitions.
But it has few reports about slapper detonator application
based on LLM-105.

Slapper detonator usually is applied to in-line fuse, which
is important component of advanced weapon. Although the
safety performance of TATB explosive can satisfy insensitive
ammunition criterion, it has high input energy which is not

agree with the miniaturization development of weapon. So, it
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is potential to apply for LLM-105 in the slapper detonator. In
this paper, study on short duration pulse shock initiation
characteristics of ultrafine LLM-105 has been conducted,

which is useful for slapper detonator development.

2 Experimental

2.1 Materials

The ultrafine LLM-105(100-600 nm) was synthesized by
institute of chemical materials (ICM). The purity of ultrafine
LLM-105 is higher than 98.7%. The specific surface area of
ultrafine LLM-105 is higher than 7.7 m* « g™'. The dimensions
of charge used is @5 mmx4 mm for shock test, whose density

is1.63 g-cm”.

2.2 Flyerlmpacting Initiator

The flyer impacting initiating device is composed of five
parts, namely exploding foil, flyer, barrel, explosive charge,
and seal apparatus, which is shown on Fig.1. The material is
copper, steel andkapton of exploding foil, barrel and flyer, re-

spectively.

2.3 Equipment

The velocity of flyer is measured byphotonic dopplar ve-
locity (PDV) which is made by Nanjing university of science
and technology. The principle diagram of PDV system has
shown on Fig. 2. The movement velocity of sample is based
on difference frequency between basic light and reflection

light. The basic light is the reflection of probe by the 2-port
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optical circulator laser. The reflection light is the reflection of
movement sample. The light probe detector collects the two
different lights from the 3-port circulator'®’.

The high voltage discharge circuit is fabricated by ICM. The
capacitor is 0.22 pF. The duration of discharge circuit is 1.10 us.
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Fig.1 Schematic image of flyer impactingintiator
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Fig.2 Principle diagram of PDV system

2.4 Experimental

The initiation threshold testing is implemented of ultrafine
LLM-105 under two type flyers. The curve of flyer velocity is
collected by PDV system, which is shown on Fig.3. The short
duration pulse shock initiation sensitivity is achieved by calcu-
lation. The total amount of sample is twelve. The D-optimal

method is applied for testing pulse initiation threshold.
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Fig.3 Curve of flyer velocity by PDV
The contrasting test has been conducted of two different

flyer parameters. The material of flyer iskapton. The parameter

of two type flyer is shown on Table 1. The type 1 is corre-
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sponding to large dimension flyer. The type 2 is corresponding

to small dimension flyer.

Table 1 Parameter of two type flyer mm
N dimension of dimension thickness
o bridge foil of barrel of flyer
type 1 0.6x0.6x0.004 @0.8x0.4 0.05
type 2 0.4x0.4x0.004 @0.6x0.4 0.05

3 Results and Discussions

3.1 Results of Flyer Velocity

The velocity of two type flyer has shown on Table 2. It is
indicated that the flyer velocity is increasing as increasing
pulse current. But the increase amplitude of flyer velocity is
high based on type 1 (Fig.4) by contrasting with type 2. It is
indicated that the large dimension flyer is sensitive to input
electrical energy in comparision with small dimension flyer.
But the velocity of flyer is higer with type 2 than type 1 under
the same inputting pulse current. It can be explained by Gur-

ney equation (1),

1

V, = 2%(%&%) ’ (1)
Where k and n are the constants of experiment determined, re-
spectively, k=2.36x10"°,n=0.85"" for the Cu foil, m, and
m, are the flyer and exploding foil masses per unit area, re-
spectively, J, is the density of exploding current A/cm™.

J, is calculated by equation (2) .

/b=? (2)

Where [ is the initiation current, A; S is the cross-section
area of exploding foil,cm™.

The velocity of flyer is increasing as increasing pulse cur-
rent according to equation (1) and (2) under the same di-
mension of exploding foil. The type 2 with small dimension
flyer has high velocity because of high current density, resul-
ting high energy per area under the same input pulse current.

The velocity consistency is not good of type 1 with large
dimension flyer under the same pulse current. It may be resul-
ted by error during testing process. But the phenomenon is on-
ly existing big flyer, so it is not true. The air resistance may be
the main reason caused the bad consistency of flyer velocity
based on large dimension flyer. According to aerodynamics,
the distance can not keep constant between the centers of air
resistance and mass during the flying process based on large
dimension flyer. The departure of center has caused the exist-
ence of turning torque, resulting competition of distortion and
anti-distortion. So, the flyer can not keep the plane integrity,
which will exacerbate centroid departure, resulting velocity

dispersity of type 1.
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Table 2 Results of flyer velocity
type 1 type 2
No. initiation velocity of average of velocity No. initiation velocity of flyer average of velocity
current/kA flyer/m - s™' flyer/m - s current/kA /m - s7 flyer/m - s
1 4137 1 4238
2 5.0 3229 3700 2 5.0 4541 4372
3 3734 3 4339
4 3835 4 4314
5 4.5 3027 3431 5 4.5 4137 4250
6 3431 6 4299
7 4.0 3128 2977 7 4.0 3936 3986
8 2826 8 4036
9 3.5 2876 2876 9 3.5 4011 4011
4400 4 Conclusions
4200+ In the present work, we proposed the initiation threshold
"o 40001 of LLM-105 under two type of flyer. The conclusions indicated
£ 3800 that;
=
é 36001 (1) The flyer velocity is increasing as increasing pulse
; 34001 current. But it is sensitive for input current of large dimension
= zzgg S flyer incomparision with‘small fI.yer. ‘ o
—e— type 2 (2) The flyer velocity consistency is bad of big size flyer,
2800

34 36 38 40 42 44 46 48 50 52
initiation current / kA

Fig.4 Curves of flyer velocity

The short-duration pulse initiation criterion value for solid
heterogeneous explosive is P’ 7 = constant'"’. Force P is de-
pendent on velocity of flyer. Pulse duration 7 is dependent on
thickness of flyer. It is indicated that the high flyer velocity is
favorable for initiating explosive under the same thickness of

flyer.

3.2 The Firing Test of Explosive
The initiation testing of ultrafine LLM-105 has been ap-
plied with two type flyer by D-optimal method. The result of

initiation threshold has shown on Table 3.

Table 3 Initiation threshold of ultrafine LLM-105 and HNS-IV
initiation threshold
No.
LLM-105 HNS-IV
type 1 2.57 -
type 2 2.14 1.96

The initiation threshold current is 2. 14 kA based on type
2 flyer, which is almost equal to HNS-IV initiation threshold,
namely 1. 96 kA. But the threshold is high
(2.57 kA) of type 1 flyer, which is consistent with above a-

initiation

nalysis. It is found that the improvement of flyer velocity is

benefit for explosive initiation.
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which has relationship with air resistancel.
(3) It is found that the initiation threshold is almost equal
between LLM-105 and HNS-IV by firing test, which will offer

fundamental data for slapper detonator.
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