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ABSTRACT

Modern LASL detonators were subjected to three alternating current waveforms to determine
the susceptibility of the detonators to high-order detonations when the line voltages supplied
by local utility companies are applied across the detonator electrodes.  Dent blocks were used
for each test to resolve whether a high-order detonation was obtained.  Some of the detonators
were confined in mock H. E. inserts to compare the performance of a confined detonator with
that of an unconfined detonator.  The 1E30, 1E31, 1E33, and SE-1N detonators were
investigated in three voltage waveforms, nominally 110, 208, and 440 V.  None of these
detonators achieved a high order detonation on any of the waveforms.  The detonators either
deflagrated or failed.  The statistical probability, derived from the test results, of attaining a
deflagration when one of these detonators is "plugged into" a wall outlet at any of the
waveforms was between 70 and 85%.

INTRODUCTION

Modern LASL detonators were subjected to three alternating current waveforms to determine
the susceptibility of the detonators to high-order detonations when the line voltages supplied
by local utility companies are applied across the detonator electrodes.  This project was result
of previous 60-Hz, 110 V a.c. tests made by J. C. Anderson of LASL and the Test Fire Group
at Mound Facility.  Since Mound had developed a system to test detonators using 60-Hz line
voltage, LASL requested Mound to test their modern detonators using this system.

Concern for safety in handling modern detonators was the primary incentive for conducting
alternating current voltage tests on the detonators.  The 1E30, 1E31, 1E33, and SE-1N were
tested.  Three alternating current voltage waveforms were used:  the nominal 110, 208, and
440 V waveforms.  There was concern that confined detonators would perform differently
from unconfined, so each detonator type was fired in both confined and unconfined
configurations.

FIRING SYSTEM

The firing cycle was initiated by a manual switch which was normally closed.  Firing circuit
design was such that a negative half-cycle must occur before the firing circuit was gated. 
Therefore, a firing pulse was not initiated until a negative half-cycle had been completed. 
 As the 60-Hz waveform passed from negative to positive polarity (zero crossover, see Figure
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1) a pulse was initiated which started a time-interval counter and triggered a second pulse
generator.  This second generator had a variable pulse width which was controlled by a
variable resistor.  The function of the second generator was to vary the time from zero
crossover to the silicon-controlled rectifier (SCR) closure and detonator firing (see Figure 1). 
Thus, varying the pulse width changed the position on the voltage waveform at which the
SCR was triggered.  SCR closure was accomplished by sensing the trailing edge of the
variable pulse.

Figure 1. Firing System Test Using Only Positive Half cycle 60-Hz Line
Power

The third and final pulse stopped the time-interval counter, triggered the current monitoring
oscilloscope, and started the SCR trigger circuit.  Counter display was used to adjust the
variable pulse width.  Because of the coarseness of the variable resistor in the delay generator
circuit (see Figure 2), time increments (from zero crossover to SCR closure) below 0.20  msec
were restricted.  The firing circuit, shown in Figure 3 will be modified to overcome this
restraint before further testing is done.



Figure 2. - 110, 208, and 440 V a.c. - 60-Hz Firing System



Figure 3. - Recommended Circuit Modifications.

TEST PROCEDURE

Each detonator was tested in both confined and unconfined state.  In the confined state, the
detonator side surface was surrounded by a fiber-filled phenolic composite with the ends
exposed.  This composite has essentially the same density as the material which would
surround the device in use.  Each detonator had a PBX pellet adhered to the output face to
enhance the verification of either detonation or deflagration.  Two aluminum alloy blocks
(Dural 6061) were placed at each end of the detonator (see Figure 4) for both firing states; the
block facing the PBX pellet was used as a dent block for identification of detonation or
deflagration.  One of each detonator type was fired high order, unconfined and confined, and
the dent blocks were retained for comparison.



Figure 4. - Setup for Firing Detonators in the Confined State.



FIRING RESULTS

Preliminary Investigation

Initially 50 assemblies were prepared for each of four detonator types with 25 to be tested
unconfined and 25 confined.

Thirty assemblies of each type were assigned for testing at 110 V a.c., 10 for 208 V a.c., and
10 for 440 V a.c.  Because of a delay in providing 208 and 440 V a.c. line service to the
testing system, the 110 V a.c. tests were made first.  Twenty assemblies of each type were
fired beginning at the positive slope of the 60-Hz pulse, and the delay time was varied until
the detonator firing characteristics were investigated over the entire positive half cycle.  In all
cases, equal numbers of unconfined and confined assemblies were tested.  The remaining
assemblies were retained for an accurate determination of threshold on the positive and
negative slopes of the positive half cycle.  Since only deflagration occurred at 110 V a.c.,
threshold was defined for deflagration.

Because no detonation occurred at 110 V a.c., only a few assemblies were subjected to the
208 and 440 V a.c. positive half-cycle peaks for evaluation of the effect of the increased peak
voltage amplitude.  Again, only deflagration occurred.  The data acquired at this time were
then reviewed by a join LASL-Mound committee which made the following
recommendations:

1. Twenty of each detonator type, 10 unconfined and 10 confined, should be tested at
positive slope deflagration threshold - 110 V a.c.

2. Twenty of each detonator type, 10 unconfined and 10 confined, should be tested at 
negative slope deflagration threshold - 110 V a.c.

3. One hundred SE-1N detonator assemblies in the confined state should be 
subjected to 110 V a.c. using a conductor cable pair approximately 6 ft in length.

4. Twenty of each detonator type, 10 unconfined and 10 confined, should be 
subjected to 208 and 440 V a.c. positive half-cycle peaks.

Recommendations one and two were made to determine the deflagration threshold voltage
precisely so that a deflagration probability could be determined.  Recommendation three was
included to confirm the probability by random testing.  Recommendation four was made to
ensure that the previous finding, deflagration not detonation, at the positive half-cycle peak of
208 and 440 V a.c. was the normal result, not the exception.

The test results were divided into four parts.  The first test was a preliminary investigation of
the positive and negative slopes of the positive half-cycle to determine the threshold areas of
the 110 V a.c. waveform for each of the detonators.  The results of the preliminary test are
presented in Table 1.  It was during this firing that is was noted that there was no discernible
difference in the performance of confined and unconfined detonators.  A detonator was also
fired at the tope of each of the three test waveforms.  The intent of this procedure was to
investigate the possibility of a detonation of the detonators at the worst-case condition for



each type of detonator.  This investigation resulted in no detonations, but deflagrations for all
detonators on the three waveforms.



Table 1. - Threshold Conditions on the Positive and Negative Slopes on the
110 V a.c. Waveform for Each Type of Detonator (Vrms = 116 Volts)



110-V Waveform

The second part of the test consisted of firing 40 detonators of each type on the nominal 110-
V  60-Hz waveform.  Twenty of each detonator type were fired on the positive slope of the
waveform, and 20 were fired on the negative slope of the waveform.  Each group of 20
detonators was used to determine the threshold of deflagration for that part of the waveform. 
Also, each group of 20 was divided into two parts, with one group of 10 fired in a confined
configuration and the other group of 10 fired in an unconfined configuration.

Figures 5 and 6 illustrate the results from this test.  The positive and negative slope thresholds
of the deflagration are shown as the groupings of "x's" and "o's", indicating deflagration is
expected between these two threshold regions, including the voltage maximum on the positive
half-cycle.

The results of this testing (Table 2) were used to determine the statistical probability of one of
these detonators deflagrating if it were "plugged into" a standard wall outlet.

A sample of 10 parts is insufficient for statistical comparisons.  However, some of the data
can be used to compare performance of confined and unconfined detonators.  For instance,
the data from the firing of the SE-1N may be used.  The positive slope threshold firing time
for this detonator was 0.267 msec when confined and 0.272 msec when unconfined.  The
negative slope threshold firing time was 6.322 msec when unconfined and 6.320 msec when
confined.  A similar comparison can be made of the negative slope threshold firing time of the
1E33 detonator: 7.048 msec unconfined and 7.063 msec confined.  These confined and
unconfined threshold firing times apply to these detonators deflagrating, not detonating.



Figure 5. - Threshold Results for the SE-IN Detonator on the 110 V
Waveform



Figure 6. -Threshold Results for the 1E30 Detonator on the 110 V



Table 2. - Positive and Negative Slope Threshold for Each Test Detonator
on the 110 V a.c. Waveform



Table 2 Continued



Table 2 Continued



208 and 440-V Waveforms

The third part of the testing consisted of firing 20 of each type of detonator just approaching
the top of the 208 V a.c. and the 440 V a.c. waveforms.  Each group of 20 detonators was
divided in half, half fired in a confined configuration and half fired unconfined.  During the
firing there were no detonations of any of the detonators on either of these
waveforms.  The results are presented in Table 3.

Random Firing

The fourth and last part of the test was a random firing of 100 SE-1N detonators on the 110 V
a.c. waveform to determine the percent of the detonators that deflagrated.  This percentage,
76%, was comparable to the probability calculated from the second part of the test, 73% with
a standard deviation of 0.22%.  The results of this random firing test are presented in Table 4.



Table 3 - Testing of the Four Types of Detonators on the 208 V a.c. and the
440 V a.c. Waveform



Table 3 - Continued



Table 4 - Random Testing of 100 SE-IN Detonators



Statistical Inference

A half-cycle of the voltage sine wave used in this testing is shown in Figure 7.  The remaining
half-cycle is identical except the sign changes on the voltage values. The 

locations of u1 and u2 approximate the threshold values on the positive and negative slopes of
the sine wave.  All shots fired between time u1 and u2 are expected to deflagrate and those
outside these limits are not.

Although the firing voltage is an important parameter leading to deflagration, the voltage
gradient with respect to time is equally important as manifested by the much higher voltage
threshold at the negative slope where the gradient is negative.  Given two equally important
parameters and many others that can affect the deflagration, we have an experimental system
with a fair number of independent factors, each of which has an influence on the firing time
thresholds.  Thus, we can safely assume that if t1 is the positive slope threshold, it is normally
distributed around a certain mean u1.  The same is true regarding the negative slope threshold
t2.

The test data shown is Table 2 were analyzed, using this distribution assumption, with the
sensitivity test analysis procedure [1].  The resultant sample means and the standard
deviations are given in Table 5.  Given a proper selection of firing times, a fairly accurate
estimate can usually be obtained.  As seen in the table, the standard deviations are small in
most cases.  However, the larger deviations for the 1E31 indicate wider spreads of the
threshold values.  For the 1E33, the selected firing times on the negative slope waveform fail
to cross the estimated threshold value, thus making it impossible to estimate the standard
deviation.  The test data in this case are insufficient for concluding whether the population
standard deviation is too small or the sample points are too few.

Referring to Figure 7, we have the time thresholds t1 and t2 normally distributed around the
estimated means u1 and u2 such that the device is expected to deflagrate when t1<t<t2 and
not when t>t1 or t<t2.  The probability of deflagration when t is uniformly distributed over the
entire half cycle of the voltage sine wave, T/2, is consequently distributed normally with the
mean

µ  − µ1 2
µ =    and the 

T/2

standard deviation
_________

s  + s1 2
2 2

σ  = √ 
(T/2) 2

Substituting the values in Table 5, we arrive at the total probability of deflagrations and the
associated standard deviation as shown in Table 6.



In Table 6 the calculated probability for the SE-1N deflagrating is 72.7% based on the total
sample size of 40 units.  In the random firing test 76 of the 100 SE-1N units, 76%,
deflagrated.  These results compare well considering the small sampling involved.



Figure 7 - The Time Results and the Assumption that the Threshold Data
was Normal were Used to Calculate the Probabilities.



Table 5 - The Estimated Time Threshold

Table 6 - The Probability of Deflagration at Random Firing Time

Conclusions

During the entire testing of the four types of detonators on the three types of 60-Hz
waveforms, none of the test units detonated.  Only deflagrations or failures occurred. 
Assuming unbiased sampling, we estimate the probability of detonation to be one in 10-12.

There are enough data to indicate that there is no discernable difference in deflagration
performance between the confined and unconfined test units on the 60-Hz waveforms.
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EFFECTS OF AC POWER ON EBW DETONATORS

A personal injury accident investigation revealed the cause of the injury to be deflagration of
a commercial EBW detonator, the firing leads having come in contact with 110 VAC power.

The EBW detonator was partially confined in a device, assembled using an adhesive designed
to fail at 2,700 psig.  The adhesive failed as designed.  Effectively, a shape charge effect
directed the energy of the deflagration, causing serious digital injury to the person.

Research revealed a study conducted by Gerald E. Round, Tien S. Chou, and J. Richard
Taylor, of the Mound Facility in Miamisburg, Ohio.  This study was conducted for the
Department of Energy.  This study is attached as part of this paper.

John Montoya, Sandia National Laboratories, Albuquerque, New Mexico, developed T-Line
Codes, which were calibrated to the Mound Data.  The composition of the EBWs used in the
Mound study were essentially identical to the commercial EBWs involved in the incident. 
Geometric configuration of the EBW bodies was considered to be negligible for the purposes
of this investigation.

There is a high level of confidence that EBWs will deflagrate approximately 76% of the time
when exposed to commercial line voltage at the 60-Hz frequency.  Personnel handling EBWs
need to be reminded of the potential for deflagration, which could result in potentially serious
physical injury.


	Figure 1. Firing System Test Using Only Positive Half cycle 60-Hz Line Power
	Figure 2. - 110, 208, and 440 V a.c. - 60-Hz Firing System
	Figure 3. - Recommended Circuit Modifications.
	Figure 4. - Setup for Firing Detonators in the Confined State.
	Table 1. - Threshold Conditions on the Positive and Negative Slopes on the 110 V a.c. Waveform for Each Type of Detonator (Vrms 
	Figure 5. - Threshold Results for the SE-IN Detonator on the 110 V Waveform
	Figure 6. -Threshold Results for the 1E30 Detonator on the 110 V
	Table 2. - Positive and Negative Slope Threshold for Each Test Detonator on the 110 V a.c. Waveform
	Table 2 (Continued)
	Table 2 (Continued)
	Table 3 - Testing of the Four Types of Detonators on the 208 V a.c. and the 440 V a.c. Waveform
	Table 3 - (Continued)
	Table 4 - Random Testing of 100 SE-IN Detonators
	Figure 7 - The Time Results and the Assumption that the Threshold Data was Normal were Used to Calculate the Probabilities.
	Table 5 - The Estimated Time Threshold
	Table 6 - The Probability of Deflagration at Random Firing Time

