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Die Ziindschwellenempfindlichkeit des Sprengstoffs HNS in Abhingig-
keit von seiner Korngrifle

Die Ziindschwellenempfindlichkeit von HNS wurde in Abhingig-
keit von der KorngréBe gemessen unter Verwendung einer elektri-
schen Kanone bei zwei Plattendicken. Die Zitndschwelle (kinetische
Energie der Flugplaite) in Abhangigkeit von der KomgréBe zeigt, dab
die Grenzwertkurve dramatisch ansteigt bei einer Korngrofe préSer
als 5,4 pm (bei einer Plattendicke von 76,2 pm und Sprengstoffdichte
von 1,6 glem®) Die Mindestwerte fiir die kritische Energie wurden
berechnet zu 12,15 + 0,5 ¥cm? bei einer Plattendicke von 76,2 um
bzw. zu weniger als 7,0 Jiom® bei einer Plattendicke von 20,0 um.

Variation du senil de sensibilité & I'amorgage de hexanitrostilbéne en
fonction de sa granulométric

On a analysé l'influence de la granufométrie de 'hexanitrostilbéne
sur son seuil de sensibilité A 'amorgage & I"aide d'un canon électrique
en utilisant deux différentes épaisseurs de clinquant. L'évolution du
seuil d’amorgage (énergie cinétique de la plaque projetée) en fonction
de la granulométrie montre que la sensibilité croit considérablement,
dis que la taille des grains dépasse 5,4 pm {(pour un clinguant de
76,2 um d’épaisseur et une masse volumique de I'explosif de 1,6 ¢/
cm®). Les valeurs minimales pour l'énergie critique, fournies par le
caleul, sont de 12,15 + 0,5 Jlem® pour une épaisseur de clinquant de
76,2 pm et de moins de 7,0 Jem® pour une épaisseur de clinquant de
20,0 pm.

Summary

The initiation threshold sensitivity of HINS versus explosive grain
size has been measured, using an electric gun, with two flyer thick-
nesses. The initiation threshold, (kinetic energy of flyer plate), versus
explosive grain size shows that the threshold curve increases dramati-
cally at prain size over 5.4 pm (for flyer thickness 76.2 pm at explosive
density 1.6 g/em’). Minimum critical energies were caleulated to be
12.15 % 0.5 J/cm?® and less than 7.0 J/om®, for flyer thicknesses 76.2 pm
and 20.0 pm, respectively,

1. Intreduction

The usefulness of HNS in explosive components has been
demonstrated by Kilmer'” and Schwarz®. The initiation
threshold of HNS by electricaily-driven flyer plate (slapper)
had been investigated by Schwartz®, He measured the initia-
tion threshold sensitivity of three types of explosive, which
differ in their grain sizes: (1) HNS-Hyperfine (HF), (2) HNS-
Superfine (SF) and (3) HNS-1 Schwarz® showed that the
probability of detonation of HNS (HF) by impacting flyer, is
very high, in comparison to the other types of explosive grain
size.

It was shown earlier on HNABY9 that the powder mor-
phology plays also a significant role in the shock initiation
sensitivity of the explosive.

At this note we measured, for the first time, by electric gun,
the exact value of HNS grain size, where the initiation
threshold energy changes dramatically.

2. Experimental and Material Properties

Experiments were conducted for studying the effect of explo-
sive grain size on the shock initiation threshold of HINS, using
the electric gun previously described in detail in Refs. 4 and 5.
The electric gun was usually composed of copper foil (thick-
ness 8 um, area 1 mm % 1 mm)}, and polyamide or polyester
fiyer, thickness 76.2 um or 20 um.

0721-3115/87/0408-0130$02. 50/0

The explosive HNS was prepared by method described in
Refs. 6 and 7. We developed a recrystallization method of
controlling the distribution of particle sizes around the mean
value required grain size. Two batches were prepared at differ-
ent times in order to prove the constitency of the recrystalliza-
tion method. The values of each particle size were measured
by Hiac Particle Size Analyzer — PA-770, and summarized in
Table 1. In Figs. 1a, 1b, we show typical examples of HNS
with different grain sizes as were detected by SEM (Scanning
Electronic Microscope).

3. Resuits and Discussions
Many experiments were performed in order to ensure good

statistics for the initiation threshold data. (The experimental
points represent 50% probability of the explosive’s detona-

Table 1. The Distribution of Particle Sizes around the Mean Value of
HINS Grain Size

Mean Values of HNS Grain Sizes

3.3 pm 5.4 pm
Distribution Distribution

(um] (%] [um] [%] [pm][%] [wm][%]

16.3 pm
Distribution
{pm] (%] [um] [%]

11 385 111 1.32 6.01 11.F 5.14 013 111 827
13 767 13.0 0.78 914 13.0 381 0.35 130 1006
15 447 154 042 429 154 230 0.17 154 1023
18 786 182 041

21 792 214029 060 214 937
25 930253012 6.13 253 0 27 78 253 806
29 763209004 29 502299007 29 0690299 652
3.5 953352000 35 598352004 35 135352 441

41 9.00 42.6 000 41 561 416000 41 180 416 235

1
3
5
B 042 182 1146
H
]
9

11 1
1.3 1
1.5 1
18 656182 152 1
21 558 214076 2
2.5 2
29 2

48 B.96 48 608 48 245
57 7187 57 639 57 341
67 580 67 659 67 429
79 421 79 664 79 540
94 2351 94 587 94 7.27
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Figure 1. Morphology picture of HNS by SEM, magnification x 500.
(a) Mean value grain size 5.4 pm; (b) Mean value grain size 16.3 ym.
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Figure 2. Burst current, I, at initiation threshold versus explosive
grain size, where explosive density 1 6 glem®. (Point 1, is uader esti-
mate for the threshold of I, at fiver thickness 200 yum)
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Figure 3. Kinetic energy, E,, of flyer plate at initiation threshold ver-
sus explosive grain size (im), where explosive density 1.6 g/cm’. (Point
1, is under estimate for the threshold of E, at flyer thickness 20 0 um)

tion). In each experiment we measured the foil’s current and

voltage waveforms The flyer velocity can be controlled

between 0.7 mm/us to 2.5 mm/js by adjusting the burst current

density, as described earlier in Ref. 5.

The effect of the explosive grain size between 3.3 pm and
16.3 pm on threshold current is shown in Fig. 2. We used in
the experiments two flyer thicknesses, 20 pm and 76.2 pm.

In Fig. 3 we plotted the kinetic energy, Ey, of the flyer, asa
function of grain size for the two flyer thicknesses.

There are two main results:

{(a) The kinetic energy, E,, required for initiation threshold of
HNS is lower as the shock pulse duration is shorter (fyer
thicknesses 76.2 um and 20.0 pm corresponding to pulses
duration 42 ns and 11 ns, respectively'®).

(b) There is a plateau range in the burst current (Fig. 2) and in
the kinetic energy (Fig. 3) which is dependent on the grain
size and the fiyer thickness.

The results clearly indicate (Fig. 3) that as the pulse duration
of initiating gets longer, the threshold curve swings away from
the curve Pt = const as previously described® for HNAB (P
is the impact pressure).

The initiation threshold (kinetic energy at Fig.3) versus
grain size shows that the threshold curve increases dramati-
cally at grain size over 5.4 pm {for flyer thickness 76.2 pm).
Moreover, at smaller flyer thickness (20.0 um) the critical
grain size is equal or less than 3.3 wm (which was the smallest
grain size of HNS that had been checked in our measure-
ments).

The sharp changes in the threshold curves gsee Figs.2 and
3), can be expected from the hot spot model® as we explain
betow.
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The plateau in the kinetic energy By (FE%. 3}, shows that
there is a minimum value for critical energies”. These critical
energies are the minimum energy required to initiate the
explosive with constant flyer thickness and explosive density.

The minimum critical energies were calculated to be 12.15
0.50 ¥/em? and less than 7.0 J/em? for fiver thicknesses 76.2 pm
and 20 pm, respectively. (The critical energy, E., was calcu-
lated® from impedance matching between the impact flyer
(mylar) and the explosive target (HINS} The result is, that
E, = F, for explosive density 1.6 glem®.)

We can summarize that the sensitivity of FINS, in terms of
reaching detonation from a given shock pulse input, would
simply increase with decreasing grain size.

The result above is compatible with the argument'!!) that the
rate of chemical energy release is governed by the number of
reaction sites which are larger for an explosive with fine grain
size.

We intend to continue our work and try to find the initiation
threshold sensitivity of PBX (piastic bonded explosives) based
on HNS, as a function of explosive grain size.
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