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Alfred C. Schwarz
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Abstract .

An experimental program was conducted to study factors which
influence the shock initiation sensitivity of hexanitrostilbene (HNS).
The six factors evaluated were: (1) powder morphology, (2) sample
density, (3) test temperature, (4) sample length, (5) diameter of the
impacting flyer, and (6) duration of the input stimulus. In addition, the
effect of pressure duration, 7, was assessed on the initiation sensitivity of
an extrudable explosive (LX-13) and of hexanitroazobenzene (HNAB)
for comparison with that of superfine hexanitrostilbene (HNS-SF), The
impact stimulus was provided by a polyimide flyer 1.57mm in diameter
propelled by an electrically excited bursting foil. Flyer velocity deter-
mined impact pressurc, I’ (3 tv 20 GPa), and flyer thickness the shock
duration, 7 (0.010 to 0.150 us), the pulse shape being rectangular.

Powder morphology was the most significant factor to influence the
initiation sensitivity of HNS; with 0.035-us pulses the smallest particle-
sized HNS had a threshold pressure for initiation which was 50% of that
required for the coarser HNS-II. Other factors which lowered the
threshold pressure were: lower sample density, elevated test tempera-
ture, and larger diameter flyers.

HNS-SF showed a shorter growth-to-detonation distance (GTDD)
than HNS-I; the GTDD was 0.56 mm at an impact pressure of 7.3 GPa.

Pulse duration affected the threshold pressure with each explosive
behaving in its own characteristic manner; a P-r characterization is
essential, therefore, for all explosives of interest and should include
values of 7 which are equivalent to pulse durations expected in service.
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Study of Factors Which Influence
the Shock-Initiation Sensitivity
of Hexanitrostilbene (HNS)

Introduction

The use of hexanitrostilbene (HNS) in explosive
components has been demonstrated! 2 and many cur-
rent applications exist. During the past several years,
initiation studies have been performed on HNS in
which flying plates provided the input stimuli. The
following effects on initiation sensitivity have been
studied:

e Explosive powder morphology

e Sample density

» Test temperature

e Sample length

* Flyer diameter

e Pulse duration.

Finally, the sensitivity of HNS has been compared to
that of LX-13 (80/20 composition of PETN*/silicone
rubber) and to that of hexanitroazobenzene (HNAB).

It is the purpose of this report to summarize these
findings.

Experimental Technique

Test Device

The impact of a thin flying plate on an explosive
provides a reproducible means for applying a pres-
sure whose amplitude and duration can be indepen-
dently controlled.

A small test device, identified as the modified
TC817 and shown in Figure 1, was used to provide
the input shock stimulus. The firing set is a capacitor

“Pentaerythritol tetranitrate

discharge unit which, when discharged, applies a
current pulse through the copper bridge foil; the
vaporized foil propels the polyimide (Kaptont) flyer
to the desired impact velocity. By regulating the burst
current density through the bridge foil (by varying
the fireset charging voltage), one can achieve various
flyer velocities.

The calibration curves presented in Figure 2 re-

_sulted from VISAR** measurements of flyer velocity.

The dotted line is a calibration for a smaller flyer
(1.02-mm dia) with a shorter (0.38-mm) barrel. The
impact pressure is controlled by flyer velocity and
the duration of the pressure pulse is a function of the
flyer thickness. The standard flyer thickness was
0.076 mm, but the thickness of the Kapton flyer could
be varied from 0.025 to 0.25 mm (0.001 to 0.010 in.) to
provide a range of pulse durations from about 0.01 to
0.15 ps. Since the shock impedance of the flyer is less
than that of the explosive, a well-controlled, single-
step, rectangular pulse is introduced into the test
explosive. The typical pulse duration is 0.035 us with
the standard flyer.

Figure 3 illustrates the manner in which pressure
and duration are determined; the solution may be
obtained graphically or analytically. The Hugoniot
curves for all the materials are contained in the
Appendix. A single Hugoniot was assumed for all the
types of HNS evaluated.

fDuPont Trademark

**Velocity Interferometer System for Any Reflector. L. M. Barker
and R. E, Hollenbach, |. Appl. Phys., 43, p. 4669, 1974



Acceptor Explosive
(6.35 OD x 2.54 Thk)

Barrel (Alumina Ceramic)
(1.57 ID x .51 Thk)
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terephthalate)
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Clectrical
Connector
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Bridge Foil
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Figure 1. Modified TC817 Flying Plate Test Device (all dimensions in millimetres)
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Figure 2. Flyer Velocity vs Burst Current Density (modified TC817, 1.57-mm dia flyer)
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Explosive) T
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Particle Velocity (u) Displacement (X) —— Time
P, = Pressure imparted to acceptor when
kapton impacts at velocity, v,
2fu
P i o]
Pl
where
= pulse duration of P,
/ = thickness of flyer

u, = particle velocity in flyer

pa = original density of flyer
Figure 3. Graphical Solution to Determine P1 and 7 From P-u and x-t Diagrams

Mod.
TC-817

Test Procedure

The explosive specimens were evaluated using
the test assembly shown in Figure 4 with a free-
standing test sample of the desired density, 6.35 mm
in diameter and 2.54 mm long. The fire set charging
voltage was preselected to provide enough flyer ve-
locity to approximate the threshold of detonation.
From this voltage level, an up-down method was
used to expend the remaining test units; the charging
voltage was adjusted upward after a failure to deto-
nate and downward after a detonation. The incre-
ment of voltage used in this up-down sequence was
also preselected, being larger at the outset of the
testing. In each case, 24 test specimens were evaluat-
ed to provide statistical meaning to the resulting data.
From the recorded voltage and current waveforms,
bridge-foil current density (at burst) was determined
and used as the input stimulus for the ASENT (an
Analysis of Sensitivity Tests) computer program.3
ASENT provides a calculation of the mean, standard
deviation, 0.1% probability of detonation, 99.9%
probability of detonation, and other applicable statis-
tics all based on the assumption of a normal distribu-
tion. Other details of the test procedure are contained
in Reference 4.

Test Sample

Aluminum
*~ Dent Block

/

Flyer

Timing Switch

Figure 4. Schematic Drawing (Cross Section) of Test Assembly

Test Results

The sensitivity test results are divided into two
groups--those earlier tests which used a 1.02-mm dia
flyer and more recent tests with a 1.57-mm dia flyer.
Subsequent paragraphs in which one or the other
diameter was used are identified as ! or 2, respeclive-

ly.



Effect of Morphology 1 has finer particles than HNS-I and very high purity.
Resultant differences in morphology are illustrated

Three types of HNS were evaluated in this series in the photomicrographs in Figure 5. The Hugoniot
of tests--each type of explosive being made by a curves for the HNS and the Kapton which were used

different process as given in Table 1. HNS-SF is a in the determination of impact pressure are given in

formulation (from the Teledyne Company) which the Appendix.

TELEDYNE HNS-SF

PANTEX HNS-I
227X

227X

T T

SANDIA HNS-HF SANDIA HNS-HF
500X 20000X

Figure 5. Photomicrographs of HNS Illustrating Differences in Morphology
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Table 1. Comparison of Three HNS Manufacturing Processes

Melting Point Siirfaée Area

Process Type Lot (°C) (m2/g)
Multiple Wash (Pantex) I 7157 316-317 1.59
DMF Solution into Steam SF - 320-321 2.56
(Teledyne)

DMF Solution into Ice HF 21-28-3 319-321 >10.0

H,O (Sandia)

The test results are summarized in Table 2 and a
probability-of-detonation plot is presented in Figure
6. This latter plot clearly illustrates the role of mor-
phology on sensitivity; not only is the hyperfine
material more sensitive but there is also a more
narrow band of pressure separating detonation from
nondetonation. If one adds the limited data on LX-15
(95/5 composition of HNS-I and Kel-F) and HNS-II
(coarse material, specific surface area 0.4 m?/g), the
role of morphology is even more dramatic.

Short duration pulses comparable to those of the
flying plate detonator occur in applications where
transfer-line end-tips or detonator end-tips are pro-
pelled across an air gap to initiate detonation. In
these cases, the choice of explosive type may be
guided by these results, which favor the finer parti-
cles.

However, it should be noted that the sensitivity is
affected by shock duration. (See the latter sections of
this report which deal with this parameter.)

HNS-HF
9999"‘4’! T T T — T T
999 1
S-I
99 N
S - — L]
g Effect of Density?
2 75t LX.15 HNS-II _ Experiments were performed on HNS-SF at aver-
5 ) / ] age densities of 1.30 and 1.60 Mg/ m3. Results of these
s 0r tests are summarized in Table 3 and Figure 7. The
g 251 ] initiation sensitivity was lower for the lower density
5 specimens. )
S 051 7] This was expected. If the explosive is treated as a
° p p
& otk - porous or a distended material,’ the absorbed energy
001 L i (for internal heating) is greater for the material with
00811 greater voids (or lower density). Therefore, equiv-
‘ L '5 % 7 3 o 10 11 alent energy will be absorbed at a lower impact
Impact Pressure (GPa) pressure for the material with the lower density.
Figure 6. Effect of Morphology on Shock Initiation of HNS

Table 2. Summary of Shock Sensitivity Data oi Three Types, of HNS
(1.02-mm diameter x 0.076-mm thick flyer)

Densit Test Initiation Threshold*
Explosive (Mg/m>) Temp (°C) ]B(GA/mz) vilmm/us) P(GPa) 7(us)
HNS-I (Pantex 7157) 1.60 £0.01 24 722 59 2.37 7.6 0.034
HNS-SF (Teledyne) 1.61 £0.01 24 643 =24 2.23 6.9 0.034
HNS-HF (SNLA, 21-28-3) 1.60 +£0.01 24 567 + 9 2.07 6.3 0.036

*Initiation threshold is that input stimulus which produces a 50% probability of initiation to detonation. Jy is
current density through the foil at burst; v, is flyer velocity at impact with the explosive; P is the impact
pressure; and 7 is the pressure duration. The plus and minus values (J) are one standard deviation.

11



Table 3.

Summary of Shock Sensitivity Data of HNS-SF at Two Densities
(1.57-mm diameter x 0.076-mm thick flyer)

Densitg Test Initiation Threshold*

(Mg/m3)  Temp (°C) JB(GA/m2) vf(mm/us) P(GPa)  r(us)
1.60+0.01 24 385+ 16 1.84 5.3 0.038
1.30+0.01 24 350+ 8 1.75 3.8 0.041™**

*Initiation threshold is that input stimulus which produces a 50% probability
of initiation to detonation. Jg is current density through the foil at burst; v, is
flyer velocity at impact with the explosive; P is the impact pressure; and 7 is
the pressure duration. The plus and minus values (Jg) are one standard
deviation. ’

**First double transit only—subsequent staircase tail not included. Only 18
samples used in this experiment. ‘

Sample Nensity (Mg/mj)

Figure 7.

Effect of Sample Density on Initiation Threshold of
HNS-SF

Effect of Test Temperature!
Experiments were performed with test specimens
stabilized at each of three temperatures: +100°,
+24°, and -61°C. The data from these experiments
are summarized in Table 4 and in Figure 8 and are
subject to two assumptions, namely: (1) the flyer
velocity calibration performed at 24°C was valid for
all test temperatures, and (2) the room-temperature
Hugoniot properties* of the unreacted HNS were
applicable to all test temperatures. The temperature

“In Reference 6, Roth showed that their P-y Hugoniot indicated
HNS to be “softer” at high temperature; that is, the impedance at
high temperature was less than at room temperature of any given
pressure up to 5.0 GPa.

12

~
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b= = 1 £
< L - i P 18
g = { =
= 3] o
< S - . S251 17 2
S > L { &
= - el ] £
= (=% -]
£ 3
= ] £ 1 £
s k - ] *l1oshown{ ¢
© ) =
2 L ] S 2 16 &=
8 I A I I |
£ | | = 775 25 425 475 +125  +175
Q
Py Test Temperature (°C
0 N N S R [ 4 ¢
- (J— 1.5 Figure 8. Effect of Temperature on Sensitivity

response appears reasonable in that one would expect
less input stimulus to be required at high tempera-
ture. Other experimenters have generated confirm-
ing results.®

Effect of Sample Length!

Sample length plays an important role in the
initiation process in that the length must be great
ennigh to allow sufficient time for growth to
detonation to occur. ‘

In 1965 it was shown that a relationship existed
between growth-to-detonation distances (GTDD) and
applied shock pressures in polycrystalline explo-
sives.” It was found that, over a widc range, the log of
the run distance to detonation was linearly related to
the log of the pressure of the initiating shock wave as
it entered the explosive. Typical data 8 are shown in
Figure 9. These data were obtained from “wedge”
tests, using optical measurement techniques as indi-
cated in Figure 10. This technique has been used by



many experimenters for a number of years. One Camera
characteristic of note is that the input pulse duration View
is relatively long, for the most part being longer than
the time to detonation. ‘

The present tests had the length of the test speci-
men as the controlled variable. These were in four
groups: 2.54, 1.27, 1.04, and 0.78 mm. The testing
method was as previously described; in addition,
transit time measurements were made on experi-
ments in which samples detonated.

Explosive
Sample Chosen to minimize

release wave inter-

’ i 114 ’L—-Brass

' Plane Wave Generator

KR

10 LA LN ML B B B 1 v T T T Detonator
5| T Test Setup
- * Lot 66-48 ]
5L @ Lot 03-76 -
L HNS-) 3
L p=1 60 Mg/m -
Steady-State
» 4 Detonation
Velocity
. —em \ 2 GPa

3GPa
Streaks shown
for 2 GPa and
3 GPainput

(- ]

T T TT1T7

“Dataan HNS-S\ XS

Ly
Time

T
L

Growth-to-Detonaticn Distance (mm}
o © ~

o =
w o
T

from Fig. 14 i .
’ Trgnsn I ,GTDD for 2 GPa into explosive
Time v
0.2 i
x (mm) :

Typical Streak Camera Records (x-t space) .

1 1 P S B A | s L P L1
0 2 3 45 678910 20 30 4050 100 :
Applied Pressure (GPa) Figure 10. Wedge Test Technique

Figure 9. Wedge Test Data on HNS-1

Table 4. Summary of Shock Sensitivity Data of HNS-SF as a Function of Test Temperature
(1.02-mm diameter x 0.076-mm thick flyer)

Densit Test Initiation Threshold*

(Mg/m?>) Temp (°C) JB(GA/mz) vi(mm/us) P(GPa) 7(us)

1.61+0.01 +100 605+ 45 2.15+0.09 6.6 0.035
+ 24 643+24 2.23+£0.06 6.9 0.034
— 61 707 +71 2.35+0.14 7.5 0.034

*Initiation threshold is that input stimulus which produces a 50% probability of
initiation to detonation. Jg is current density through the foil at burst; v, is flyer
velocity at impact with the explosive; P is the impact pressure; and 7 is the
pressure duration. The plus and minus values (Jg, v;) are one standard devi-
ation.

{ actions -~14°for HNS
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A sketch which shows the interrelationships be-
tween the shock (U,) and the release (U,) waves, the
specimen lengths, and the predicted GTDD is shown
in the P-x diagram of Figure 11. Note that the predict-
ed GTDD at 7.3 GPa from wedge data falls at the
outside of the specimen length for the shortest sam-
ple; this implies that this sample should not achieve
detonation--but it did.

employed lucite (PMMA) witness blocks, impedance-
matched to the HNS. A slightly larger value in
threshold pressure seemed to be present with the
shortest sample (0.51 mm); this supports the subse-
quent finding that the GTDD is about 0.6 mm. On
those units that detonated the transit time, t, (from
shock input until shock output from the specimen),
was then plotted as a function of pellet length in
Figure 13. The inverse slope of this line agrees with

10 ——— T . : .
. Pellet 2.54 mm long — ‘ the steady-state detonation velocity (6.86 mm/us) of
] . . .
1183 2?:1 1 1 the HNS-SF. The excess transit time as shown graphi-
£0.78 mm.long-{ cally is 0.058 us. On the basis that the entering shock,
nD‘S ] ﬂ ’F—UR catches U, 1 U,, travels at 4.00 mm/us (at 7.3 GPa) in unreacted
o [ ,’| ! IING, then its intersection with the data line occurs at
= A redicted GTDD at ] 0.56 mm (0.022 in.). This is the growth-to-detonation
EST 4| 7.3 GPa From Wedge
&~ L I ',/l Test Data on HNS-I 9
c;) ll I 10llll’]l'Tvllilrlr|||]ﬁ|v-ly
gUl Y b : 1 w
£ R I 1 - Subsequent Positions of _ % - ° .
I I Shock Front in non- =
I i d HE £t ° .
1 ‘ reacte - S N
(1)) R IR ' ] 1 i 1 p=t
0 n.s 1 7.3 2 1.5 £ ¥ %
Distance FFrom Impact Surface, x {(mm) E
s o .
)
ASSUMED CONDITIONS S sl |
P = 7.3 GPa r = 0.035 us (rectangular) -9
“ . o - -
Avg. Explosive Density = 1.58 Mg/m> § HNSSF o =1.58 Mg/m>
U, = 4.00 mm/us [Private communication from = . . 3
U, = 1.33x U, from D. Mitchell, o~ ® Lucite witness block |
Sandia Laboratories ¥ T * Aluminum witness block 1
=2
a L
Figure 11 P-x Diagram Showing Expected Progress of the Short- :‘_; )
Duration Shock Wave Entering the Explosive and the Fxpected & ) S——— | I B A Ul B S AT S S A
GTRD 0 0.5 1 1.5 2 2.5

Test results are summarized in Table 5. The
threshold pressure is essentially constant for sample
lengths from 0.78 to 2.54 mm. This is shown graphi-
cally in Figure 12. Also shown in Figure 12 are
threshold pressures for 0.51- and 0.78-mm-long sam-
ples tested without timing measurements. These tests

Pellet Length (mm)

Figure 12. Threshold Pressure vs Sample Length

Table 5. Summary of HNS-SF Shock Sensitivity as a Function of Pellet Length

(1.02-mm diameter x 0.076-mm thick flyer)

Pellet Densit Test No. . Initiation Threshold*
Dia Length (Mg/m?®) Temp.(°C) Tested JB(GA/m?2) vi(mm/us) P(GPa) t(us) telus)
6.30 2.54 1.58 +0.02 24 12 654+ 16 2.25 7.0 0.035 0.428+0.039
6.30 1.27 1.58+0.02 24 12 702 + 27 2.33 7.4 0.034 0.235+0.009
6.30 1.04 1.58+0.02 24 18 664 +55 2.29 7.2 0.035 0.224+0.022
6.30 0.78 1.58 +0.02 24 17 720+ 56 2.37 7.5 0.034 0.173+0.016

“Initiation threshold is that input stimulus which produces a 50% probability of initiation to detonation. Jj is
current density through the foil at burst; v is flyer velocity at impact with the explosive; P is the impact
pressure; and 7 is the pressure duration. The plus and minus values (J, t.) are one standard deviation. The value

t, is the transit time through the explosive.
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_distance from these. experiments. The graphical
method is somewhat an oversimplification since it
assumes that the steady shock velocity changes ab-
ruptly into steady detonation velocity; however, the
GTDD is confirmed by the data in Figure 12. This
GTDD is superimposed on the data in Figure 9, and
illustrates the difference between the two sets of data.

It is concluded that the GTDD of HNS-SF from
short-duration pulses is about one-half that of the
HNS-I for which we have standard wedge test data.
Thus, HNS-SF is a more desirable acceptor explosive
because it will respond more promptly at lower pres-
sure when struck by a thin flyer. Whether the reduc-
tion in GTDD is caused by the nature of the input
stimulus, by some inherent difference in physical
property such as number of initiation sites, or by
some misinterpretation of the data from either test
method is not evident.

Effect of Flyer Diameter! 2

Sensitivity experiments were performed using
two different flyer diameters, 1.02 and 1.57 mm, for
impacting the explosive HNS-SF at a density of 1.60
Mg/m3. The results are tabulated in Table 6.

The diameter effect is illustrated in the plot of
Figure 14 in which threshold velocity was plotted
against the reciprocal of flyer diameter. Based on this
plot, one can make “infinite diameter” estimates

based on the more easily obtained data at two small

‘diameters. A straight line through the two data

points intersected the datum point obtained by the
Lawrence Livermore Laboratory’ who used a large
diameter flyer (25 mm). This data does not rule out
the fact that there may be some flattening of the
curve for large diameter flyers. The diameter effect is
not unexpected if one assumes that wave divergence
occurs and that some minimum diameter exists over
which the stimulus must act.

Effect of Pulse Duration?

Previous experiments showed that, for a given
pulse duration (7), the pressure amplitude (P) of the
input stimulus played a major role in shock initiation
of high explosives. In this study, the effect of pulse
duration on the shock initiation of HNS-SF was de-
termined. Pulse duration was controlled by the flyer
thickness which varied between 0.025 and 0.254 mm;
the resulting 7 varied from 0.010 to 0.137 us, respec-
tively. Sample density was 1.60+0.01 Mg/m3.

The shock-sensitivity data are summarized in Ta-
ble 7 and in Figure 15. From Figure 15, it is notewor-
thy that as 7 increases to values greater than 0.15 us,
the initiation criterion is one of nearly constant pres-
sure (=3.6 GPa). Further, if one assumes the log P vs
log 7 relationship to be linear for 7 between 0.01 and
0.10 us, the initiation criterion, Pnr, is constant where
n =24,

0.5 [ T 11 1 - T T | I T T |
i HNS-SF ]
0.4 p = 1.60 Mg/m3 3
o3k j
2 L D = 6.858 mm/us ]
= i ]
g o2f -
& | GTDD .
! i
- - _:
0.1 _ -7 U, = 4.00 mm/us 7
V -
i 010 .020 .030 .040 050 .060 070 .080 .090 .100 inch
) P T R | 1 l X 1 L
0 0.5 1 2 mm

Pellet Length

Figure 13. Growth to Detonation Distance Deduced From Transit Time Measurements
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Table 6.

Figure 14.

Figure 15.
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Summary of HNS-SF Shock Sensitivity Data as a Function of Flyer Diameter
(density 1.60 Mg/m3, flyer thickness 0.076 mm)

Flyer Test Initiation Threshold*
Diameter (mm)  Temp (°C) JB(GA/m2) ve(mm/us) P(GPa) (us)
" 1.02 24 643+24 22305 6.9 0.034
1.57 24 385+16 18405 53  0.038

*Initiation threshold is that input stimulus which produces a 50% probability of
initiation to detonation. J; is current density through the foil at burst; v is flyer
velocity at impact with the explosive; P is the impact pressure and 7 is the
pressure duration. The plus and minus values (Jy, v{) are one standard devi-

ation.
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3 - .
E sl ‘ 4
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]
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= 1sh _
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Effect of Pulse Duration on Initiation Sensitivity of HNS-SF



Table 7. Summary of HNS-SF Shock Sensitivity as a Functlon of Pulse Duration
(test temperature 24°C, 1.57-mm diameter flyer)

Flyer Thickness

Initiation Threshold*

(in.) (mm) JB(GA/m2) vg(mm/us) P(GPa)  7(us)
'0.001 0.025 592 +46** 2.84 98 . 0.011
0.003 0.076 385+ 16 1.84 5.3 0.038
0.0055  0.140 440+13 1.51 4.0 0.075
0.0065 0.165 506+ 16 1.53 4.1 0.097
0.010 0.254 - 665+ 20 146 ° 38 0.137

*Initiation threshold is that input stimulus which produces a 50%
probability of initiation to detonation. J is current density through
the foil at burst; v, is flyer velocity at impact with the explosive; P is
the impact pressure; and 7 is the pressure duration. The plus and
minus values (Jg) are one standard deviation.

**This group used a foil thickness of 0.005 mm.

Comparing HNS-SF Wlth LX-13 and
HNAB:?

Two additional explosive materials were' evaluat-
ed to determine the effect of pulse duration on their

initiation. The explosives were LX-13 and HNAB. LX-

13 is an extrudable explosive containing 20% silicone
rubber added to fine-particle PETN and has a density
of 1.53 Mg/m3. The HNAB contained large particles
(a surface area of 0.031 m?/g, average particle size of
82 um) and was consolxdated at a density of 1.60
Mg /ma3.

Table 8.

Test results are given in Table 8 and are shown
graphically in Figure 16. Note from Figure 16 that
HNAB and LX-13 illustrate the sensitivity “crossover”
effect. This “crossover” in which rank-order of sensi-
tivity changes with 7 has been observed by many
experimenters; it has been shown for PETN with fine
and coarse particles;!® also for RDX with fine and
coarse particles;!! also for PBXN-5 of two particle
sizes.’? A model explaining this phenomenon has
been generated.’

Summary of Shock Sensitivity Data of LX-13 and HNAB asa Functxon of Pulse Duration

(flyer diameter 1.57 mm, test temperature 24°C)

Flyer Thlckness

Initiation Threshold*

(in.) (mm) JB(GA/m2)  vg(mm/us) P(GPa)

LX-13 (Lot 216) p =153 =0.01 Mg/m?
0.001 0.025 693+ 1 3.11 12.8
0.003 0.076 414+ 6 1.91 6.0
0.0055 0.140 520+ 17 1.67 5.0
0.010 0.254 890** 1.80 5.4

" HNAB (Lot 4063) p = 1.60 +0.01 Mg/m3

0.001 0.025 >990 >4.90 >3
0.002 0.050 547 +24 2.10 6.3
0.003 0.076 419+17 1.94 5.8
0.0055 0.140 434+ 9 1,49 3.9
0.010 0.254 689+ 21 1.52 4.0

T(us)

0.0097
0.036
0.070
0.124

<20.0089
0.024
0.037
0.075
0.135

*Initiation threshold is that input stimulus which produces a 50% probability of initiation to
detonation. ], is current density through the foil at burst; v, if flyer velocity at impact with
the explosive; P is the impact pressure; and 7 is the pressure duration. The plus and minus
values (Jg) are one slaiidard deviation,

**Insufficient data for standard deviation.
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Figure 16. Shock Response of HNS-SF Compared to That of LX-13 and HNAB

It is noteworthy that the sensitivity of LX-13
becomes independent of pulse duration at about 5.0
(GPa and that of HNAB at about 3.9 GPa compared to
3.6 GPa for HNS-SF. o

The P-7 characterization is essential if one is to
make the correct choice of explosive in component

designs. The explosive chosen for short-pulse (0.01 to .
0.02 us) applications like minislapper dets is not.

necessarily best for thick flyer or through-bulkhead
applications where pulse durations might be 0.1 v
0.3 us.

Conclusions
Based on the test results reported here, it is con-
cluded that:

¢ Powder morphology was one of the more sig-
nificant factors which intluenced the shock-
initiation sensitivity of HNS; for 0.035us dura-
tion pulses, there was a spread of nearly 50% in
threshold pressure required to produce initi-
ation, depending on the size of the particles of
the explosives--smaller particles requiring less
pressure. Not only was the small particle explo-

sive more sensitive, it also was less variable in -

that it displayed a narrower band of pressure
separating no-fire (.001 probability) from all-
fire (.999 probability).

18

" The fact that lower density specimens, higher
ambient temperature and the use of larger di-
ameter flyers required a lesser stimulus to initi-
ate HNS-SF is reasonable and can be explained,
at least in part, by simple physics.

* The sample length must be great enough to
allow sufficient time for growth-to-detonation
to occur. HNS-SF appears to require a shorter
growth-to-detonation distance than does HNS-
[. The GTDD for HNS-SF is 0.56 mm at an

- impact pressure of 7.3 GPa.

e A complete P-7 characlerization of each candi-
date explosive is essential if one is to chose the
best explosive for a particular application. For
eaantple, a sensitivity crossover effect was not-
ed for LX-13 and HNAB; for short duration
pulses (like 0.01 us) LX-13 was more sensitive;
for longer pulses (like 0.1us) HNAB was more
sensitive.

¢ Future work should include the evaluation of

- other shock-sensitive materials such as pyro-
technics or propellants.
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Appendix

Hugoniot Data Used for Computations
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