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ELECTROSTATIC SENSITIVITY OF SECONDARY HIGH EXPLOSIVES
C. Ant Campos

DEVELOPMENT DIVISION
(June 1980) DISCLAIMER

Process Development
Endeavor No. 301

ABSTRACT

An Electrostatic Sensitivity Test System designed at Pantex was used
to evaluate the secondary high explosives PETN, HMX, RDX, HNS I,

HNS II and TATB. The purpose of this study was to establish test
conditions for a standard electrostatic sensitivity test and measure
baseline data of a few secondary explosives. Although secondary ex-
plosives are often considered quite insensitive to an electrostatic
discharge, PETN, HMX, and RDX were initiated. Several external
elements to the high explosive were found to have an influence on
sensitivity. Initiation appeared to be dependent on the nature of
the discharge current curve.

Those elements recognized as having a significant effect on the
results were held constant in this study. These included:

1. Distance between discharge plates.

2. Sample moisture content.

3. Material density.

u. System resistance, capacitance and inductance.
However, no attempt was made in this study to determine the extent
to which the high explosive response to electrostatic discharge is

affected by these factors since such correlation is not necessary
to determine relative sensitivities.

INTRODUCTION

The electrostatic sensitivity of an explosive is difficult to define in absolute
terms. The sensitivity of a particular material can be related to that of a
well-known explosive. However, absolute data should be restricted to the par-
ticular equipment used to obtain the measurements.




Various investigators have used electrostatic sensitivity measurements to
resolve different objectives. T. J. Tucker(I) compares the electrostatic
discharge required for initiation of explosives to that which can be generated
by a person. M. S. Kirshenbaun(2) used electrostatic sensitivity measurement
to distinguish between primary and secondary explosives and compare primary
explosives at a fixed energy input of 0.02 J.

The objective of this work is to obtain a relative comparison of electrostatic
sensitivity for various secondary explosives. The initial phase of the study
reported here involved obtaining baseline sensitivities for conventional explo-
sive powder. Future work will consist of determining sensitivities of new
materials in order to evaluate their relative hazard.

An initial concern in this study was the establishment of a sensitivity parameter
by which to compare all secondary explosives. Other investigators have shown
that current and rise time are influential in defining the spark characteristics
necessary for initiation. Using the basic current equation, a sensitivity
parameter was defined as:

S =1
pq
where,
S = indicator of sensitivity
Ip = peak current
q = charge
since,
dg/dt = I(t) = Ipe't/T
-t/t
=1 e dt
a=1,f
then,

=72t/ 2
S-—Ipfe dt amp? sec

t = time

time constant

=
1]

Note that the expression for sensitivity resembles an energy equation. The
variable t needs some explanation. A di/dt probe was used to detect current
changes which could be associated with time-to-reaction (TTR), defined as
that time for gas ionization state changes to occur due to the reacting ex-
plosive. We can let TTR = t. If the TTR is not detected, then the explosive
reaction is assumed to be longer than 5 time constants of the discharge sys-
tem where more than 99% of the capacitance energy has been dissipated. Fur-
ther testing will be performed to more adequately describe TTR.
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The time constant t is a measured value from the current trace. However, it
was found that the time constant changed during the discharge. Instead of
attempting to predict the RLC values, it was easier to approximate t
experimentally for each test. This was done using,

-t/t

I(t) = Ip e

and taking In I(t)

In I(t) = In Ip - tfz
where,
1n Ip = intercept
- 1/t = slope

Using measured points along the early part of the current trace and per-
forming linear regression, the slope is determined and t calculated.

EXPERIMENTAL SAMPLE

The design considerations for the explosive sample holder shown in Fig. 1
included:

1. A short spark gap which reduces the breakdown voltage
and increases the energy density.

[§9]

Reproducible sample density.

(93]

Moisture content of sample.

High Explosive
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Fig. 1. Typical Sample

-
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Since sensitivity was expected to be a function of compaction of the sample,
and each powder has its own characteristic bulk density, standard testing was
conducted at 110% of bulk density to improve reproducibility. For example,
at bulk density, the sample holders under minor vibrations during handling
could result in some uncontrollable compaction of the powder and separation
from one of the spark gap conductors causing a variability in test results.

The gap size was determined through a few series of tests. A minimum gap to
increase spark energy density was desired. The trade-off was to minimize

the gap without sacrificing powder density measurement accuracy. The results
showed that a 0.889 mm gap would satisfy both requirements.

Limited testing was performed to show that increased relative humidity
decreases the powder sensitivity. In order to test the samples in the most
sensitive state, drying was imperative. To accomplish this, the samples
were vacuum-dried for no less than 16 hours prior to testing, and testing
was limited to days when the relative humidity was less than 20%, since
the facility does not have humidity control.

ELECTRICAL SYSTEM
The system designed to meet the objective of testing secondary high explo-

sives is shown in Figs. 2 and 3. It is essentially a portable system capable
of containing detonations of up to 0.165 g (as presently proof-tested).

High Voltage Monitor
(Tektronix 556 Scope)

Nitrogen Pressure

gha?ging g Triggered Switch
esistor

HV —AAA \“f‘. T
Supply

Resistor F Capacitor V
Explosive

‘ Sample

—I——-
Discharge § _t Charging

Series Resistor
High Voltage 0 - 5 mQ

Relay
Current

Monitor
(Tektronix 556 Scope)

di/dt
Monitor

(Tektronix
556 Scope)

Fig. 2. Electrical System
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Test Chamber

Top Lifts

- for Access
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Access

Control Panel

Test Sample

Inside Test Chamber

Fig. 3. Electrostatic Sensitivity Control Panel and Chamber



Discharge capabilities include:
1.  Voltage range from 0 to 27 KV.

2.  Wide energy range capability defined by range of capacitors
and voltage.

3. Adjustable series resistance up to 5 megaohms.
4.  Variable capacitances up to 0.022 uf.

5. Variable discharge gap.

6. Controllable sample size and density.

s Discharge voltage controlled through a nitrogen pressure
sensitive switch.

In the early experiments, energy was varied by changing the capacitance and
increasing voltage until sample gap breakdown occurred. It became quickly
apparent that more consistent and meaningful testing could be conducted by
controlling the charging voltage. A nitrogen pressure activated switch con-
cept acquired from T. J. Tucker was implemented to satisfy this requirement.

A few tests were conducted to evaluate varying voltage at constant capacitance.

The following results were obtained using superfine PETN Lot No. 225A at
110% of bulk density (0.70 g/cc), less than 20% RH, 0.889 mm gap and 22
series resistance. These results show that at 7.92 KV a reaction may or
may not occur. This voltage was considered the threshold level for reac-
tion and confirmed the effectiveness of controlling voltage.

Charge Voltage
(KV) Reaction Level

No Reaction
No Reaction
No Reaction
Partial
Violent Reaction

- RN ENENEN
DWW
o~

TIME TO REACTION

If voltage above that required to produce a high order reaction were applied,
it would be expected that a decreased time-to-reaction (TTR) should be ob-
served. A di/dt probe was placed in series with a discharge line to measure
changes of ionization possiblv due to the reacting high explosive. The
samples were made from Lot No. 225A PETN at 0.7 g/cc bulk density.



Fig. 4 shows the results from this experiment. Note that the pulse which
appears riding on the decaying curve moves down in time as applied voltage
increases, and occurs only when reaction is achieved. The 8.5 KV times
appear to be inconsistent with times at other voltages, but overall, the
di/dt probe did appear useful for measuring TTR. The data are shown in
Table TI.

7.92 KV 8.5 KV 9.0 KV

/
/I e

9.5 KV

Fig. 4. Scope Traces of the di/dt Probe
(7.92 KV sample was a partial detonation)

Table 1. di/dt Probe Results for PETN

Time to
Applied Voltage Detectable Change Reaction
(k) ] (ps) Level
7.92 Nonc Partial
8.50 1.21 Violent
9.0 1.26 Violent
9.5 be21 Violent

10.00 0.781 Violent



DETONATION THRESHOLD

Certain elements which affect the electrostatic sensitivity of explosives
were held constant at the following levels:

1. Capacitance: 0.022 upf.

2. Relative humidity: 1less than 20%. (Some questions remain to be
resolved on the accuracy of the method used.)

Sie Sample gap: 0.889 mm.

[§)
[§)
e

4. Series resistor:

.

),

S Powder material compressed to 110% of bulk density.

In choosing explosives for baseline data, an effort was made to use powders
which would yield a large spread in sensitivity. Table II shows the results
obtained from these tests. As expected, TATB did not show any reaction to
voltage discharges at maximum output of the system. Superfine grade PETN
was the most sensitive of the powders tested. Voltages at and above the
7.92 KV threshold resulted in reactions. The results from cap grade PETN
indicate that the crystalline structure of a powder may have a substantial
effect on the sensitivity. There were indications of reaction as low as

12 KV but no violent reactions occurred even up to 23 KV. Scorching was

the only response observed from HNS I and HNS II. The scorching was apparent
at voltages as low as 11 KV for HNS I. For HNS II, scorching was not ob-
served until voltages of 18 KV and higher were applied.

Fig. 5 illustrates the appearance of a sample following a partial reaction.
Normally, it is very simple to determine the difference between samples which
show no reaction, those which undergo partial reaction, and those which reach

a violent reaction (perhaps approaching high order). A violent reaction will
completely break the holder. In this case, the pistons were slightly pushed
out.




Material

PETN Hercules Superfine

PETN Cap Grade

RDX
HMX

HNS-1

HNS-1

HNS-11

TATB

Table II. Electrostatic Sensitivity of Secondary Explosives

Lot No.

aIp -- peak current.

b

225A

2-814

445-8
930-4

8191-07C-001

9053-FP

8275-07H-023

7152-135-01 (4F)

S -- calculatable only at threshold.

c. . ; .
Scorch -- discoloration observed.

(Values measured at threshold)

Sample Applied 14
Density Voltage P
(g/cc) (KV) (Amp)
0.702 7.92 224.21
1.206 12.00 452.70
23.00 774.20
1.162 10.00 317.41
1.230 14.99 501.56
0.330 11.0 340.0
23.0 787.3
0.200 16.0 630.00
23.0 787.3
0.66 18.0 677.1
0.92 25.0 826.7

Charged ol
Energy Sx 102
(joules) (Amp? sec) Results
0.69 2.50 Threshold
1.58 -- Partials
5.82 -- Partials
1.10 4.8 Threshold
2.47 16.4 Threshold
1.33 - Scorch®
5.82
2.816 -- Scorch
5.82
3.560 -- Scorch
6.880 -- No Reaction



CONCLUSIONS

Sensitivity was defined in such a manner as to describe the response of
the high explosive to electrostatic discharge and yet not be susceptible
to changes due to the discharge system parameters. Additional testing
will be performed to further evaluate the validity of the equation
reported here. In essence, if the sensitivity values are found to change
with system variations, then appropriate adjustments will be done at that
time. In addition, since the numbers presented in this report are based
on limited data, additional samples will be tested to establish an appro-
priate degree of confidence level and reported at that time. Also, if
there is some future requirement to determine the threshold sensitivity
of those explosives that did not reach high order detonation, then the
system output may require some modification to deliver the necessary
current pulse for initiation.

Some instrumentation improvements are necessary. These include a more
stable series resistor. Variances were found by measuring the resistance
before and after a test. Also, values calculated from measured current
and voltage yielded differences in some tests. The first modification
will include the use of Allen-Bradley carbon resistors but limited to

3 KV drop across each resistor. This should be an improvement over the
present carbon-powder-gel mixture compressed to produce the desired
resistance.

The signal-to-noise ratio which appears to stem from ground loops needs
to be reduced. Presently, there is an excessive high frequency noise at
the beginning of the discharge. There may be several factors involved,
but this effort should minimize the noise. Obviously, a more accurate
peak current can be measured by improving the signal.

In addition, there remains some degree of uncertainty as to the accuracy
of the peak current measured here and will require some effort to measure
current with much higher confidence. Any inaccuracies will be rectified
and reflected in sensitivity as necessary.

=10=
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