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SUMMARY

Studies were made of the detonation transfer between M55 detonators
(donor) to the RDX loaded explosive lead! cups (acceptor) with the spac-
ings normally used in fuzes. Methods were developed for measuring ex-
plosive acceptor detonation times and electric effect (DEE), and these were
then used to quantitatively determine the efficiency of the initiation. The
DEE also provided information on shock and fragment velocities produced
by the detonator. Excess transit time calculations for the acceptors showed
that initiation can be produced by shock alone, or in combination with
fragments. Effects of variations in detonator closure discs, lead cup bot-
tom thickness, as well as explosive type, particle size, and density were
investigated.

""Lead", as used in this report, is pronounced to rhyme with "weed".
It refers to a small explosive charge in a cup, used to transfer a
detonation from a detonator to a larger explosive charge.



INTRODUCTION

The detonation transfer from a detonator to an acceptor (explosive-
loaded lead cup) must be reliable to prevent duds and low order detona-
tions in ammunition. The recent improvement of electronic time interval
meters and oscilloscopes to one nanosecond accuracy has made possible
investigation of short time events such as occur over the short distances
in explosive trains. Improved methods were developed for measuring
the factors governing the transfer of the detonation from detonator to ac-
ceptor (lead) by comparing excess transit times calculated from measure-
ments of overall transfer times in the train, and by measuring the DEE
from the explosive in the acceptor. Because of the limited number of tests,
results could only be compared using 90% confidence limit (C/L) for the
means (X). The equation used (Ref 1) was

1.86 s
v

OVERALL TRANSFER TIME

C/i. =Xt

Test Apparatus znd Assemblies

The investigation started by measuring the overall transfer time
(toT) by means of the apparatus shown in Figure 1, which consists of the
test assembly with detonator and acceptor, an explosive-loaded lead cup,
the support base, and the stab firing pin device for the detonator to as-
sure reliable initiation. The standard M55 firing needle described by
Voreck et al (Ref 2) was accelerated by a spring to an energy much higher
than the 3/4 in.-o0z required for 100% initiation (Ref 3). For electrical
shielding and fragment containment, the test apparatus was placed within
an aluminum enclosure of inside dimensions 4" diameter, 3" high. Holes
in the sides were provided for electrical cables.

The parts in the test assemblies used are shown in Figure 2. In
configurations 2.1 and 2.3 the explosive lead orientations correspond
to that within a fuze, while 2.2 has the lead upside-down to provide a
means to control the foil thickness over the explosive. Configuration 2.3
differs from 2.1 in that the gap is longer in 2.3 and variable with the ad-
ditional nylon standoff washer used (item 11). The spacings (L) between
the bottom of the detonator and the covering of or over the !ead cup were



varied between 0.086" and 0.126". Table 1 lists the data on the spacings
(L) for the test assemblies shown in Figure 2; the various lead cups used
are listed in Table 1. The spacings used depended upon the dimensions
of the parts available, and were somewhat longer than those used in fuze
trains in order to emphasize differences in initiation. All parts were
clamped together to prevent variations in spacings.

Below the Al fuil (Item No. 12) in the 2.2 configuration of Figure 2
there was an air gap of about 3.5 mils between the foil and the explosive.
To determine if this was important, the Al foil diameter was reduced to
0.132" and placed in contact with the lead explosive. The gap spacing
increased when this was done from 0.0981" to 0.1016" (Table 1, from L, "
to L,").

In order to increase the sensitivity of the test and to simulate the
effect of the detonators being partially out of line, the hole in the standoff
spacer of steel (Item 6 in Fig 2) at the bottom of the detonator was made
smaller to reduce the detonator output. The hole variation of 0.110",
0.078", 0.055", and 0.038" in diameter provided relative hole areas of
1, 1/2, 1/4, and 1/8.

Between standoff spacer and lead cup, the nylon confinement (Fig 2,
Item 9) or the nylon distance washer (Fig 2, Item 11) provided an imped-
ance mismatch and geometry to attenuate the shock wave through the hous-
ing material. Thus initiation of the explosive in the lead cup was achieved
only by the shock and fragments which traveled across the air gap of
spacing (L). This was shown by obtaining only no-fires when the hole
was decreased to 0.038" diameter, or eliminated.

Trigger Switches for tOT Measurement

The trigger switches for time interval measurements were located
at the bottom edge of the detonator and at the base of the lead cup as shown
in Figures 2, 3, and 4. The start trigger switches used (see Fig 3) con-
sisted of two coplanar one-mil stainless steel foils spaced about a 1/32"
apart and sandwiched between two insulating tapes (2.5 mil thick cellu-
lose acetate) . The shock wave from the detonation ionized the air in the
gap to permit a flow of electricity. The start trigger switch was placed
at the edge of the detonator bottom and so located as not to obstruct the
fragment travel from the closure disc. Each of two stop switches used for
tOT measurements covered the whole area of the lead cup base (see Fig 4) .



The gap between the copper strips in Switch No. 1 was replaced by the
thickness of the tape (2.5 mil) in Switch No. 2. The closure of Switch

No. 2 by the output of the lead cup, presumed not to be metal-to-metal
contact, gave an improved signal. Start and stop switches were connected
through a dual pin switch circuit, shown in Figure 5, which provided op-
posite polarity pulses from the two trigger switches to a 796 Eldorado
time-inierval meter, accurate to one nanosecond.

Detonators and Lead Cups
Dimensions and Explosives

All tests were run with an M55 detonator as the donor. The
M55 design is shown in the upper part of Figure 6. It has an aluminum
closure disc 3 mils thick at the bottom, which contributes to detonation
transfer by fragmentation. The M55 detonators used were from

Lot LS-DZ-3347 made at Lone Star AAP, Texarkana, Texas

Lot IOP-1-74 made at lowa Ordnance Plant, Burlington, lowa
To determine the contribution of fragments from the closure disc, a special
lot of M55 detonators, closed with a Teflon/paper laminate instead of an
aluminum closure disc, was used:

Lot KN-E-26 made at Sunflower AAP, Lawrence, Kansas

The lead cups (LC) used as acceptors were given type numbers as
follows:

No. 1 Experimental Lead Cup, loaded by Picatinny Arsenal,
drawing No. SK-BP-123, 3/8/73

No. 2 M219 Lead Cup, Drawing No. 8833562, loaded by
Picatinny Arsenal

No. 3 Mu2 Grenade Lead, Lot LS-91-12
No. 4 M219 Lead Cup, Lot LS-95-10

No. 5 Exnlosive passed into nylon washer (described
later in this report)



Ihe dimensions of these lead cups as illustrated in Figure 7, are listed in
Table 2. The values are averages of 3 to 5 measurements. Lead explosive
compositions are shown in Table 3.

Particle Distribution of RDX for Lead Cup No. 1

For the experimental lead cups (No. 1) three lots of RDX were
used as follows:

Type B, Class C, Lot HOL-8-45
Type B, Class A, Lot HOL-21-18
Type B, Class E, Lot HOL-42-57

The cumulative particle size distributions of RDX class C and A are shown
in Figures 8.1 and 8.2. Plotted values are from sieve analyses with U, S.
Standard sieves. The RDX samples, about 20 g each, were washed with
50 ml antistatic water (1 drop DOW-ECR-34 per liter distilled water) be-
fore screening and then dried at 60°C for 1 hour under vacuum. The
measured values are compared in these figures with specification require-
ments (Ref 4) and values of Stott et al (Ref 5) on a different lot mea-
sured with the Mine Safety Appliance (MSA) Analyser, which is valid
only up to 200 microns particle size.

The results shown in Figures 8.1 and 8.2 for Lots HOL-8-45
and 21-18 are approximated by straight lines, and therefore their particles
follow normal distributions. The mean particle size at 50% was taken to
characterize these RDX lots. The sieve analysis of HOL 21-18 did not meet
specification requirements; this could be due to loss of fine RDX in this
test method.

The particle size distribution of RDX class E (Lot HOL-42-57)
was determined by a Cahn sedimentation balance. The method applied by
Hutchinson (Ref 6) using water as sedimentation liquid gave good repro-
ducibility. The 100 mg RDX samples were wetted, before analysis, with
water of reduced surface tension (2 drops di-octyl sodium sulfosuccinate
per 1 ml distilled water). The measured values were plotted on probability
paper (Fig 8.3) and compared with data from Stott et al (Ref 5). Up to
30-micron particle size, the data of Lot HOL-42-57 is almost identical with
that on the same lot by Stott et al. From the two straight line segments in



Figure 8.3, it is apparent that the RDX was a bimodal blend of two size
fractions. The data of the 72.8% fine fraction and the 27.2% coarse frac-
tion were plotted in Figure 8.3.1, confirming the bimodability. They
show average particle sizes of 22 microns for the fine fraction and 74 mi-
crons for the coarse one. The RDX class E particle size was, therefore,
characterized as 22.74,

Densities of Lead Explosives

The densities of lead explosives were calculated using the
explosive weights measured on ten lead cups, the explosive volumes cal-
culated with the average dimensions listed in Table 2, and the geometrical
shape illustrated in Figure 7. The mean thickness (X) (see Fig 7) of the
explosive covering was calculated by the equation below involving the
thickness A of the coined area, the thickness B of the rim, the diameter
of the coined area (Dc) and the interior of the cup (Dl)

=B - (B- 2
X =B - (B-A) (Dc/Dl)'

The real shape of the interior of the lead cup differs from the
geometrical shape as shown for lead cup 4 in Figure 9. The real volume
appears a little larger than the volume calculated with the geometrical
dimensions of Figure 7. The calculated densities listed in Table 4 contain
a small systematic error, but are correct as relative values.

The densities of lead cup 1 explosives were plotted vs the
loading pressure as shown in Figure 10. The fine particle size of RDX
class E needs higher loading pressures to get the same densities as A
and C. With larger particle sizes of RDX classes C and A, densities are
higher for the same loading pressure, and the compressibility is less
than for class E.

TIGER computer program calculations (Ref 7) provided a
relation between detonation velocities and explosive densities for ideal
detonation conditions. The computed curves for explosives used in lead
cups 1 and 4 are shown in Figure 11. Actual velocities are somewhat
lower due to the small diameter of the charges for pure RDX class C.



Calculating Excess Transit Time

The measured overall transit time t (interval hetween trigger
pulses) was used to obtain the calculated excess transit time (t l) .
Figure 12, after Ramsay and Popolato (Ref 8), illustrates the loci of pro-
pagation velocities in the lead cup under ideal and real conditions in the
period before and after initiation. The transit time of the detonation through
the lead explosive “trans in Fig 12) starts when the stimulus arrives. This
point in time was obtained by subtracting from the overall transit time either
the time of flight of fragments across the gap L (see Fig 2) or the time re-
quired for a shock wave to cross the gap (tfra ort hock in Fig 12). The

s
times t and tohock Vere determined from tﬁe profiles to be described

fra
later in th%s report. The transit time (t ( ends when the detonation
trans
reaches the base of the lead cup.

The ideal transit time (t, d) with high order detonation and no delay

in initiation can be calculated t‘rom the length h (Fig 6) of the explosive
column in the lead and the ideal detonation velocity for the composition
and density of the explosive (Fig 11). The values used were obtained
from TIGER computer program calculations (Ref 7).

The excess transit time is the time required by the detonation to
propagate across the lead in excess of that resulting from its immediate
onset. The calculated excess transit time (tCal in Fig 12) is the difference

ttrans -tid' As shown in Figure 12, the true excess transit time (text)
can be even larger than the calculated one by an error term te which is

associated with the case where steady state detonation is not achieved with-
in the length of explosive in the lead cup.

Appropriate Hole Diameter in Standoff Spacer

To simulate the effect of deficient output detonators or off center
alignment of detonator to explosive lead, and to emphasize the differences
between various lead cups, it was desirable to attenuate the output of the
typical M55 detonators available for use in this program. Since increasing
the spacing between the detonator and the explosive acceptor attenuates
the shock wave but not the fragments, it was decided to retain normal
spacing and attenuate both outputs by reducing the area of the detonator
exposed to the lead.



Fragments from an M55 originate from both the closure disc and the
crimped-over metal holding it in place. Fragmentation of the detonator
was restricted to fragments from the 3-mil closure disc when the hole in
the standoff spacer was smaller than the 0.100" diameter of the opening
in the crimp around the rim at the base of the detonator (Fig 6) .

RESULTS: OVERALL TRANSIT TIME

Effect of Hole Diameter in Standoff Spacer

Tests in assembly 2.1 shown in Figure 2 with 0.086" spacing be-
tween the M55 detonator and the M219 lead cup 2 produced high order
detonation of the lead explosive for holes with 0.055" diameter and larger.
Above this diameter, the overall transit times were shorter than 0.936
microseconds (Table 5) and the witness discs were penetrated and spalied
(Fig 13). Holes with 0.038" diameter and discs without holes under the
detonator produced no detonations in the lead cups. The overall transit
times were higher than 17.1 microseconds (Table 5) and the remains of
the stop trigger switches were still visible on the undamaged witness
discs (Fig 13).

In further tests, therefore, the standoff spacers with holes of 0.078"
and 0.055" diameter were used. The steel washers were 0.061" thick
and were strong enough so that the detonator output caused no spalling
or fragments from the edge of the holes.

Effect of RDX Particle Size on Lead Initiation
Overall Transfer Times, Lead Cup No. 1

The results of tasts conducted to find the influence of RDX
particle size, loading pressiire,and density are shown in Table 6. Table 7
contains the mean values of the overall transit times, the standard devia-
tions of the means (o_) and the 90% confidence interval limits. From this
table one can see thaf the overall transit times are related to the parameters
as follows:

a. Longer for 11,000 psi than for 40,000 psi for class
C and A RDX and not significantly different for class E RDX. Hence for
class C and A, the loading pressure has a significant influence on the
overall transit times, while for class E, this is not the case.



b. At 11,000 psi, no difference between RDX class C
and A, and significant lower value for class E.

c. At 40,000 psi, no significant differences within
RDX classes.

It should be noted that, at 11,000 psi, the loaded density of class E
is much lower than that of the others, while at 40, 000 psi all classes have
about the same density. This may be due to the crystal strength heing
exceeded at the high pressure which, in all classes, leads to crushing to
the extent that the final density and particle size distribution are not essen-

tially different.

The effects of detonations in the lead on the witness disc correspond
with the results of overall transfer time measurements. Figure 14 shows,
for 11,000 psi, the witness discs of the two class C no-fires and of the
first two tests each of class A and E. For 40,000 psi the witness discs
from the first two tests are also shown. These results indicate only quali-
tative results since the penetration holes and the amount of spalling can-
not be measured accurately. The visual findings (Fig 14), were used
only to differentiate lead cup detonations from no-fires.

Calculated Excess Transit Time, Lead Cup No. 1

To further analyze th signiii-ance of the results, they were
reduced to calculated excess tran imes in the explosive lead as pre-
viously described. In essence, tt .  subtracts from each overall
transit time a constant representing the .. of ideal detonation transit
time (tid) through the lead explosive (Taule 8) and either the time of

= "
flight of fragments (tfrag) or of shock (tshock) across the gap (L, = 0.0936",

Table 1) . Using fragment and shock velocities for M55 detonators of
Lot LS-DZ-3347 described later (Table 24), the flight times are as follows:

= 573 nx, t = 384 ns.

tfrag shock

The differences of overall transit times in Table 7, as described
in the discussion of overall transit times, apply also for calculated excess
transit times (Table 9) . Since negative transit times, which are impossible,
appear in the data with assumed fragment initiation, one is led to the con-
clusion that where negative values are shown, the partic:le size was small,



and initiation was caused solely by shock. The conclusion is that shock
initiation dominates for high density compacts (which probably have small
particle size because larger particles were crushed during loading) and
for low density, small particle size compacts. It should be noted that the
shock waves arrive before the fragments for the relatively small gap used.
Hence fragment initiation implies that shock initiation did not occur but

the shock may have sensitized the explosive. This may explain the smaller
confidence interval and shorter calculated excess transit time for the two
fragment initiation cases where large particle size, iow density RDX was
present.

Influence of Flyer Plates on Lead Initiation

Prior work by Smolen (Ref 9) had indicated that thicker closure
discs on M55 detonators improved the ability of the latter to initiate leads
over long standoff distances. Tests were conducted to determine if thicker
closure discs would also improve the efficiency of transfer at the short
standoffs commonly used in fuze trains.

Test of Closure Disc Thickness, Using a 0.104" Gap Distance

Aluminum flyer plates, 2 mil and S mil thick, were added to
the 3-mil closure disc of the M55 detonator. Table 10 contains the test
results. The three tests with 5-mil flyer plates gave no-fires of lead cup 3,
indicated by the long overall transit times of 3.473 us and higher, and by
the failure to produce evidence of detonation in the witness discs. The
three tests, each with 2-mil flyer plates and no flyer plates, showed both
detonations and no-fires of lead cup 3. The number of tests was too small
to differentiate the influence of 2-mil flyer plates and that of the absence
of any flyer plates. It can be concluded that the gap distance of 0.100"
combined with the 0.055" diameter hole in the standoff spacer provides a
marginal condition for initiation of lead cup 3 with the explosive Comp A5
(Table 3). For further flyer plate tests, therefore, the test assembly shown
in 2.1 of Figure 2 was changed to reduce the detonator-lead distance to
0.o041",

Tests of Flyer Plate Material Using a 0.041" Gap Distance

This section describes transit time tests made in a modified
version of the test assembly shown in 2.1 of Figure 2. 5-mil flyer plates
were added to the 3-mil closure disc of the M55 detonator Lot LS-229-3,
The start of the transit time was triggered by the ionized shock wave of
the detonator reaching the lead cup. The stop of the transit time was
triggered at the base of the lead cup.

10



Table 11 contains mean values of the measured detonation
transit times through the lead and the calculated excess transit times.
The latter values were calculated by subtracting the ideal detonation
transit time of the lead (302 ns) from the measured transit times. The
values of 90% confidence level apply to both measured transit time and
calculated excess transit time. They show that aluminum and steel flyer
plates increase the transit and excess transit time values over that received
in the absence of flyer plates by the same amount, and the copper flyer
plate is even less effective than those of aluminum and steel. The superior
performance without any added flyer plate indicates that the improved
momentum transfer at longer distances, according to Smolen (Ref 9), was
not obtained in the short distance tests. The data suggest that in this case
the cause of initiation is shock, since the shortest excess transit times
occurred with no added flyer plate.

Steel was the most effective additional 5-mil-thick flyer plate
material, and this in spite of the observation that the fragments from alum-
inum travel fastest, those from steel slower, and those from copper are
slowest, due to their increasing densities. From witness plates, it was
found that the fragments from steel are larger, which appeared to com-
pensate for their lower velocity compared with aluminum.

Initiation of Lead Cups No. 2, 3, and 4

The sensitivity to initiation of lead cups No. 2, 3, and 4 was com-
pared in tests using test assembly shown in 2.1 of Figure 2. The results
were obtained by firing through a 0.055" hole. They are shown in Table 12.
Lead cup No. 3 loaded with the explosive Comp A5 (Ref 10) had two no-
fires in three tests, indicated by excessively long overall transit times
of 5.229 and 5.925 pus and low order detonation effects on the witness discs.
Lead cups No. 2 and 4 were different in the granulation of RDX: Lead cup
No. 2 contained RDX, Type B, class G (Fig 8.4), while lead cup No. 4
was pressed with RDX without the fine fraction smaller than 149 microns
(footnote 7 to Table 3). This difference in granulation, however, produced
no difference in the overall transit times at the 90% confidence interval
limits. There was a difference with the 0.078" dia hole as will be described
later in this report.

The low sensitivity of iead cup No. 3 can be explained by the ex-

plosive Comp A5 having less sensitivity than composition RDX/graphite
(99.5/0.5) used in lead cups No. 2 and 4. The relatively long spacing
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of Ly = 0.1043" constitutes, because of the short length of the lead cup an
additional unfavorable factor for this case. The lack of a significant differ-
ence in sensitivity between lead cups No. 2 and 4 led to another series of
tests with an increase to 0.078" diameter of the hole in the standoff spacer.
The overall transit times for the larger hole are shown in Table 13. The
mean values for overall transit times for lead cup No. 4 are, at the 90%
confidence interval, significantly higher than those for lead cup No. 2.

To further consider the significance of the results, the overall transit times
were reduced to calculated excess transit times in the explosive lead. The
times subtracted for travel of shock and fragments are listed in Table 14,
the calculated excess transit times in Table 15. The results can be sum-
marized as follows:

a. With a 0.055" diameter hole, the calculated excess transit
time for assumed fragment initiation is longer for lead cup No. 2, loaded
at Picatinny Arsenal with 99.5% RDX graphite containing 50 p average
particle size RDX than it is for lead cup No. 4, loaded at Lone Star with
the same mixture as above, except for the average particle size of the RDX
being 220u.

b. Since negative transit times are impossible, it can be
assumed that, where negative values appear in test series witha 0.078"
diameter hole, initiation was by shock, not by fragments. This applies
especially to lead cup No. 2.

c. The change in the size of the hole from 0.055" to 0.078"
diameter has, within the 90% confidence interval of the mean to ttrans' no
influence on the fragment initiation of lead cup No. 4.

It follows from the lower excess transit time that lead cup No. 2
shows more sensitivity to shock than lead cup No. 4. This is considered
to be associated with the content of the fine-particle fraction in the class G
RDX increasing the sensitivity to shock initiation. It should be noted that
the explosive of lead cup No. 4 does not contain RDX smaller than 149 mi-
crons (sieve No. 100) . Fragment initiation of lead cup No. 4 includes the
possibility that the shock may have sensitized the explosive, as mentioned
before. Short calculated excess transit times for fragment initiation of
lead cup No. 4 and longer values for shock initiation of lead cup No. 2 in
test assemblies with 0.078" diameter holes in the standoff spacer might,
therefore, be explained by the sensitizing action on the explosive of the
prior shock.

12



Influence on Detonation of the Covering of the Lead

The finding of an eccentric coining in the bottom in one of 50 lead
cups No. 3 (Fig 15) was the reason for tests in which the thickness of the
covering on the lead was varied between 2 and 10 mils. Tests were started
with lead cup No. 3 in the test assembly shown in 2.2 of Figure 2. The
M55 detonator output passed through a 0.055" diameter hole of the standoff
spacer and had a spacing distance of 0.1261" from the covering of the lead.
The test results are shown in Table 16. The 10-mil aluminum foil caused
no-fires as indicated by overall transfer times of 2.607 us and higher, and
by small effects on the witness discs. Tests with 5 mil, 2 mil, and no foils
showed lead detonations with nominal effects on the witness discs, and
relatively long overall transfer times. No differences between the three
were observed. Three additional tests with the same spacing but with re-
versed lead cups No. 3 in the test assembly shown in 2.3 of Figure 2 did
not improve the results (see Table 16).

Tests were then conducted with lead cup No. 4, where the coin
covered an area of almost the whole inner diameter. The results of tests
with reduced spacings are shown in Table 17. The spacing distance of
about 0.100" was, however, still in the range where no-fires and uncertain
initiations happened. This applied even for lead cup No. 4 where the ex-
plosive RDX/graphite (99.5/0.5) is more sensitive than the explosive
Comp AS of lead cup No. 3. It can be concluded that the thick aluminum
covering of 10 mils obstructs the initiation under marginal conditions.

To obtain reliable overall transfer times, the spacing has to be reduced.
Further tests varying the thickness of the lead covering and measuring
the DEE are described later in this report.

USE OF THE DETONATION ELECTRIC EFFECT
FOR LEAD INITIATION STUDIES

The DEE was first investigated by Travis (Ref 11) in liquid explo-
sives, and then by Hayes (Ref 12) in solid explosives. This effect pro-
vides an electrical signal associated with the ionization produced as the
detonation wave front progresses through the explosive. In order to util-
ize this approach for measurement of initiation of lead cup explosives,
considerable effort was required to eliminate electrical disturbances asso-
ciated with the small dimensions.
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Circuit Diagram for tOT and DEE

The circuit diagram for measuring the overal! transfer time (t__)
and the DEE is shown in Figure 19. The DEE pickup, an iron cylinder of
0.143" diameter and 0.165" nigch, was connected to the 7A11 amplifier of
a 7904 Tektronix oscilloscope. The 7A11 amplifier has a remote field effect
transistor (FET) probe with an input impedance of 1.2 pF and 1 megohm
included. This was used to minimize the distance from the sample to the
probe (a nominal distance of 10 inches was used in our test) . In addition,
the sample was shielded from external signals by the firing enclosure
(metal cylinder), ‘hich acted as a Faraday cage, and by the grounded
covering of the lead. For tests with lead cups (Fig 18.2 and 18.3) the cups
were grounded. The electrical disturbance from the M55 detonator was
small because it was initiated, not electrically, but by a stab needle. The
oscilloscope sweep was externally triggered when the start switch on the
bottom edge of the detonator closed (Fig 19). Completion of lead detona-
tion activated the stop switch of the time interval meter at the edge of the
DEE pickup corresponding with position 1 of switch No. 1 in Figure 4.
The pin switch circuit between signal sources and time interval meter is
shown in Figure 5.

DEE Profile

The DEE profile is shown schematically in Figure 20. The signal
of the start trigger switch is abruptly damped down at the time tsh c
when the ionized shock wave from the detonator reaches the groungeﬁ
covering of the lead. The fragments from the detonator closure disc

reaching the covering of the lead at the time tfrag caused a new oscilla-

tion of the DEE signal. At the time t oy high-order detonation began.
From this point, the slope of the curve increased steadily; it ended at the

time t when the detonation reached the pickup. The time t which
end end

is the overall transfer time, was simultaneously measured with a time in-
terval meter as described before. The signal to the right of tend in Fig-

ure 20 is the signal of the stop switch. Representative records of lead
explosive No. 5 and of the inert Pentek (pentaerythritol) filling in test
assembly 18.1 shown in Figure 18 are given in Figure 21. The time scale

from zero to tfra , i.e., up to the time when fragments arrive at the lead

covering, could %e evaluated for leads with explosive and inert filling in

the same manner. In the preliminary tests , the time scale was measured
with the approximate accuracy of the graticule image on the oscillagrams.
The data are indicated as R-values. In the main tests, a magnifying glass
with a micrometer scale was used to increase accuracy. These values were ,
in most cases, referred to as M-values.
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RESULTS: USE OF THE DEE FOR LEAD
INITIATION STUDIES

Overall Transfer Time From [LEE Profile and Time-inter val Meter

To check the accuracy of DEE measurements against that of the
time interval meter, the overall transit times measured in tests No. 166
to No. 180 were compared. In Figure 22 are plotted, for both methods of
measurement, the mean values and their 90% confidence intervals vs the
thickness of the covering of the lead. The overall transit times in Fig-
ure 22 increase with the thickness of the foil on top of the lead explosive
No. 5 (Fig 18.1). The agreement of mean values from DEE profiles and
time-interval meter measuremenits is good when *he difference in source of
signal pickups for the stop and the 90% confidence intervals are taken into
account. The start switch position has no influence on the two measurements
since both starts are triggered with the same impulse.

Influence of Foil Thickness on Calculated Excess Transit Times

The mean values of calculated excess transit time in Table 22 are
calculated from overall transit time by subtracting time for fragment travel
(including passage through the covering) and also ideal detonation transit
time through the thickness of the lead (Table 21). This data shows a trend
of increase of the calculated excess transit time with the foil thickness.
The increase is, however, not significant at the 90% confidence limits of
the means. The measured increase of the overall transit times seems to
be caused mainly by the increase of travel time of the fragments with the
foil thickness (Table 20) . Referring to no-fires in previous tests with
10-mil-thick foil (Table 16), it can be expected that increased precision
of measurements could show a relation between calculated excess transit
time and thickness of covering.

Shock Wave and Fragment Velocities from DEE Measurements

The times of shock wave and fragment travel across the gap distance
between detonator bottom and lead covering were used to calculate their
velocities. Variations of the foil thickness on the lead explosive had shown
that travel times of fragments include the time for penetration of the lead
covering, while the lead covering had no influence on the travel time of
the shock wave (Table 20). The data in Table 24 used for the .0068" gap
a foil thickness of 0.005", and for the 0.091" gap a lead cup covering of
0.0053" (lead cup No. 4, Tatle 2). The data for the 1.000" gap measured
by Voreck (Ref 13) used a 0.020" thick foil on top of the stop switch at the
end of the fragment travel. Travel times for shock wave and fragments in
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the DEE profiles were the most reliable values. Measurements in the DEE
test assembly with lead cups shown in Figure 18.2 were, therefore, evalu-
ated only for velocities (Table 24) . In Table 25, mean velocities and their
90% confidence level are listed in relation to varied gap distances for M55
detonators of the Lot LS-DZ-3347 and the Lot IOP-1-74. The results for the
three gap distances are as follows: For the 0.091" gap at the 90% confidence
level the two lots gave significantly different fragment velocities, but not
shock velocities. The other effect found significant at the 90% confidence
level were: The increase in fragment velocity for Lot IOP-1-74, as the gap
was decreased from 0.091" to 0.068", and for Lot LS-DZ-3347 for a decrease
from 1.000" to 0.091". The numerical values indicate that large changes

of the gap such as the above produce only small changes in fragment veloc-

ity.
Influence of Detonator on Lead Initiation

Two lots of M55 detonators were compared as to their ability to in-
itiate lead cups (type No. 4). The overall transfer times measured with
the time-interval meter in previous tests (Table 13) and simultaneously
by the DEE profile (Table 22) were used to determine calculated excess
transit times of lead cups. The standoff spacer had a hole of 0.078" dia-
meter, and the gap distance between the bottom of the M-55 detonators and
the covering of the lead cup was 0.098". Tests No. 126 and 131 were con-
ducted in test assembly 2.1 shown in Figure 2 with stop trigger switch
No. 2 (Fig 4). Tests No. 144 and 148 and No. 158 to 168 were run in test
assembly 18.2 shown in Figure 18 with stop trigger switch No. 1 in Posi-
tion 1 (Fig 4). Table 25 shows the influence of M55 detonators, Lot LS-D7-
3347 and Lot IOP-1-74, on the calculated excess transit times. It can be
concluded that the M55 detonators of Lot LS-DZ-3347 initiate lead cup No. 4
better than those of Lot IOP-1-74. The values of tests No. 126 to 131 differ
a little from those listed in Table 15 since the latter were calculeted with
mean times of ideal detonation (tid) instead of individual values (Table 25).

The values in Table 25 were obtained under equal conditions, with the dif-
ferent positions and the makeup of the stop switch being neglected. Deton-
ators of Lot LS-DZ-3347 caused lead cup No. 4 initiations predominantly

by fragments. Since the two negative values are impossible, shock initia-
tion can be assumed in these cases. In cases of low calculated excess
transit time for assumed fragment initiation, the previous shock wave
through the lead explosive will have facilitated the initiation by fragments
that followed. The longer calculated excess times and the one no-fire of
lead cup No. 4 in 5 tests with detonators of Lot IOP-1-74 go along with the
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lower velocities of shock and fragments compared with the values of Lot
LS-DZ-3347 detonators (Table 22). The scattering of values in tests
No. 144 to 148 may Le due to the edge location of the stop switch since
these were the first tests with it.

Replacement of M55 Aluminum Foil Closure with Teflon/Paper

The tests with detonators of Lot KN-E-26, closed with a Teflon/paper
laminate, were run to check the influence of missing fragmentation in this
case. Data are given in Table 22. Since test No. 148 with a 0.0908" spacing
gave a no-fire, the standoff spacer, 0.061" thick, was reduced to a thickness
of 0.035" to get the smaller spacing of 0.0648". The results of this test
series (tests No. 150 to 154) are summarized as follows:

a. The DEE records show an absence of the fragment arrival
pulse that occurs with aluminum closure discs of standard detonators.

b. The travel times for shock (Table 22) give a higher shock
velocity (Table 23) than that for M55 detonators with aluminum closure
discs. From these results can be concluded that the arrival of fragments
at the lead cup is accurately indicated when detonators with aluminum
closure discs are used, since Teflon/paper fragments do not have a frag-
mentation effect and, therefore, give no indication in the DEE profile.

The increase in shock velocity by the replacement of the aluminum closure
disc with a Teflon/paper laminate corroborates the results of flyer plate
tests (Table 11} that showed the shortest calculated excess transit time
when the flyer plates were left out. In the test series with M55 detonators
of Lot KN-E-26 the replacement of the aluminum closure disc by the Teflon/
paper laminate followed the trend established by the absence of flyer plates
in the tests described before.

CONCLUSIONS

Fci- testing the detonation transfer from M55 detonators to lead cups
across short spacings, test assemblies were developed for measuring over-
all transit times and DEE profiles. The time-interval meter used in com-
bination with a pin switch circuit as shown in Figure 5 provided time values
accurate to 1 nanosecond. The capacitative pickup for DEE measurements
was connected to a remote field effect transistor probe of the amplifier of
the oscilloscope to minimize electrical disturbances. The time data obtained
by time interval meter or DEE measurements served for calculating excess
transit times of the detonation through the length of the lead explosive to
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compare influences of variation in detonators and lead cups on the deton-
ation transfer. DEE records also allowed measurement of fragment and
shock velocities from detonators, and determination of whether initiation
occurred by shock or b/ a combination of shock and fragments. In the
first tests both shock and fragments of the detonator output were attenu-
ated to simulate the effect of marginal donor conditions in the train.

The lead cup explosive RDX/graphite/Calcium Resinate (99.00/
0.65/0.35) was predominantly initiated by shock instead of fragmentation
when the RDX particle size was reduced and when the loading pressure
was increased. The lead explosive RDX/graphite (99.5/0.5) in M219
lead cups showed an equivalent behavior. Lead cups with class G RDX
containing fine particles (loaded at Picatinny Arsenal) were more sensi-
tive to shock initiation than those with RDX whose fine particle fraction
(smaller than 149 microns) had been removed. At the short spacings
used, the effect of the detonator output was reduced with increasing thick-
ness of flyer plates; however, the replacement of aluminum flyer plates
by paper reduced the output still more drastically. In addition, the effect
of output was reduced by flyer plates of copper more than by those of alum-
inum and steel. As to lead explosives, Comp A5 was found to be less sen-
sitive to initiation than RDX/graphite (99.5/0.5). In M42 grenade lead
cups, and eccentric coin was found. This phenomenon could become the
cause of duds, since fragments would have to penetrate thicker foil in the
noncoined area. Tests with varied thicknesses of covering on the lead
to simulate this condition showed that the 10-mil foils increase the number
of duds when the detonator output is minimized. Tests with nonattenuated
detonator output also showed a trend toward increase in the calculated
excess transit time with foil thickness. From calculated excess transit
time in M219 lead cups (Lone Star) it can be conciuded that M55 detonators
from Lone Star (Lot LS-DZ-3347) cause initiation more readily than those
of IOP (Lot IOP-1-74) . This result corroborates the significance of the
velocities of fragments, which are higher for Lone Star than for I0P.

Tests with M55 detunators closed with a Teflon/paper laminate re-
placing the aluminum closure disc resulted in a DEE profile without frag-
ment signals. Furthermore, the shock velocity was higher than that of
standard M55 detonators. These two results support the findings in flyer
plate tests and confirm that fragments from closure discs of aluminum cause
real signals in the DEE profile. Measurements of DEE profiles provide a
significant addition to the ability to study details of detonation transfer
compared with previous methods such as flash X-rays and high speed
cameras (Ref 4) .
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Tests with variations in M-55 detonators (described in the Appendix)

showed that the present design is optimum for short gaps (less than 0.1 inch),
and that initiation of the acceptor was due to both blast and fragments at

short spacings. Thicker closure discs increased fragment energy but de-
creased shock or blast. Prior studies had indicated that thicker closure

discs would increase ability to initiate over longer gaps where blast is no
longer a factor (Ref 9).

m
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Table 1

Spacings (L) between detonator and lead cup

t Standoff

Designation

Designation

oT

DEE t

Test Assemblies (Fig 2)

2.1

0.0936
0.0864
0.1043
0.0908

oT Standoff

2.2

0.1261

0.1261
0.0981
0.1016

2.3

0.1261

0.1261
0.0981

Test Assemblies (Fig 18)

3



sozi°

0010’

0s00°
000"

oltrl”

000S°

sJYsepm UOJAN
—_— 0N

L860°

#soL”

oLl
1900°

9900 °
Lo’
€500°

89T
LIEL®
st
BELL”

0L-S6ST’61ZW Z1-16S1°ThN Vd'6LIW £ZL-dG-XS

b 'ON

1060°

6L60°

8001L°
8L00°

9600°

L800°

6%00°

e’
IsSL”
0LL0°
wzLL

£ "ON

9g0L”

8601 °

i
7900°

6500°

6600

1S00°

1744
IhEL”
/A%
9ELL”

Z 'ON

£960°

8eolL”

8L0l°
1200°

£900°

9110°

00"

wunt
1211
ost1”
810"

1 ‘ON

JUAWAULUOD UOJAU 3Y) JO SSaWNIY 1q

L 3anB)4 9s,

(s3ydu) L (97) dnd ped

$3dA} pue suojsuawp ‘dnd> pee

z sIqey

M

<

a4

0 oo

uopjeubisaQg

wbiay
sasojdxe sbessny

Wby woyjog
snjd aapsopdx3

Wby moy

SSIUIIY)
wonoq abesaay

sSaUIIY)
abue|4

ssaudIyy
wys wonog

SSaUNIIY)
wonoq paulo)

Qo ‘sbuejy

ai ‘dn)

Q ‘evse paujo)
go ‘dn)

uondiiosaqg

22



Tavle 3

Lead cup explosives, components

Explosive Compositions

Lead Lubricants
Cup RDX btearlac b c
No. (%) Acid Graphite Ca-resinate
1 99, OOd .65 .35
2 99.50°¢ .50
3 min 98.50f min 1.00
max 99.00 max 1.50
4 99.509 .50
5 99, 50h .50
a

Stearic acid, MIL-A271

Graphite, flake, MIL-G-155D, Grade |

Calcium-resinate MIL-C-20470A, Type Il

RDX, MIL-R-398C, Type B, Class C, A, and E, see Fig 8.1-8.3
®RDX, Type B, Class G, Lot HOL-27-6

fComposition AS, Ref 10

Q 0 o

gRDX, Type B, Class C through 30 mesh (595 microns), on 100 mesh
(149 microns)

hRDX, MIL-R-398C, Type B, Class A, see Fig 8.2
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Table &4

Density vs loading pressire for lead cup explosives

Lead Cup Weight (g)
RDXa Pressure Empty Denslty‘)

No. class kPSI cup Explosive (g/ml)
1 C 1" .038 .068 1.62
40 .072 1.73
A 11 .069 1.60
40 .073 1.73
E 1 .061 1.48
40 .069 1.70
2 n .054 .042 1.74
3 10.5 .032 .050 1.75

4 054 .039 1.74°
5 A d 10 .054 1.63
Pentek 10 .04 1.22

3See Figure 8.1-8.3
bValues determined with measured weights and dimensions

cVaIue, determined by buoyancy in water and averaging five
measurements, was d = 1.71 g/ml

dPentek (Pentaerythritol) as inert material in blanks
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Table 8

TIGER code calculated ideal detonation time

Ideal deicnation transfer time (tid) for lead cup No. 1

Density VDa t b
s id
g/cm mm/us ns
1.48 6.065 417
1.60 7.030 360
1.62 7.190 352
1.70 7.830 323
1.73 8.070 313

3v_ for lead explosive RDX/graphite/Calcium-resinate (99.00/0.65/
0.35) (Fig 11)

btid = h'/vD; K=h"-A=0.096" (Table 2)
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Test assembly :
Detonator
Lead cup type:
Variable

Test
No.

74
75
76

77
78
79

95
96
97

Table 10

Overall transit times for varied thicknesses of flyer discs

Fig 2-2.1, item 6,2, = .1043", hole = .055" dia
MS5, Lot LS-DZ-3347

Table 2, No. 3
Thickness "e" of flyer disc, placed against output
face of M55 (located between items 5 and 6, Fig 2).

e

(in.)

.005

.002

no

time
(ns)

7227
3473
4459

918
858
1146

5229
1043
5925

Remarks

Residue of LC explosive} No traces

of detona-
LC explosive burned tion in WD

WD penetrated, LC explosive
detonated
Depression in WD, no detonation

WD depressed
Spalling of WD with small hole
Residue of LC explosive
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Influence of flyer plates or calculated_excess

Table 11

transit times in lead explosives

Mean lead
transit
Flyer Plate time (ns)
None 392
5 mil Aluminum 480
S mil Steel 466
5 mil Copper 566

Number
of tests

10

6

5

5

90% CL
of means

7.6

21.2

33.9

28.3

Mean calcu-
lated excess
transit time

(tcal’ ns)
90
178
164

264

3M-55 detonator in an M42 Grenade diecast washer with a 0.041" gap
distance to the lead cup. The lead cup (Dwg 8833562) was loaded

with RDX/graphite (99.5/0.5) at 11000 psi.

A density of 1.742 g/cm?

was obtained, with an explosive charge 0.100" thick and 0.175"

diameter.
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Table 13
Overall transit times of M219 lead cups No. 2 and 4

Barrier hole: .078" dia
Test assembly: 2.1 in Fig 2, also item 6 in Fig 2, with .078" dia hole

Detonator: M55, Lot LS-DZ-3347
Variables: Dimensions of LC (Table 2)
Lead Cup No. 2 Lead Cup No. 4
Lp= .0864", A = 0.0051" Ly = .090n8", A = 0.0053"
Test Time Test Time
No. (ns) Remarks No. {ns) Remarks
24 768 126 908 WD penetrated
25 859 127 azu} Spalling of
132 902 } WD penetrated 128 901 ) WD, center
cracked
133 784 129 881 WD penetrated
134 733 130 BB3
135 758 131 900
801 * 43.9° 882 + 21.7°
26.7 13.2
O%

aMe.-an *+ 90% confidence interval
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Table 13

Travel times of shock and fragments for M55 detonator, Lot |§ DZ- 33u7'

and ideal detonation times of used cups No. 2 and 4

Gap distance Time (in ns)

(in.) tfr'ag tshock
0.0864 529 354
0.0908 555 n
0.0981 600 402
0.1016 622 416
0.1261 m 517

: traq = 4+152 mm/ps
rag from Table 23

Vshock = 6.197 mm/us

bId»z:l detonation times for lead cups No. 2 and 4 differ because of
different thicknesses of the explosive charge:

LC No. 2 with 0.105" thick charge: 313 ns

LC No. 4 with 0.100" thick charge: 299 ns
Analogous explosive data are: RDX/graphite (99.5/0.5), density
1.74 g/cm®, and ideal detonation velocity of 8.504 mm/ps
(see Fig 11)
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Table 15

Calculated excess transit times (in nanosec) for lead cups No. 2 and 4
in test assembly shown in 2.1 of Figure 2

0.055" diameter hole in standoff spacer (see Table 12)

No. 2 No. &4

tal fr fragment initiation 67 40

o assumed 116 30

124 65

Mean t 102 45
cal, fr

90% confidence interval of mean $29 17

0.078" diameter hole in standoff spacer (see Table 13)

No. 2 No. 4

tcal fr fragment initiation -74 54

! assumed 17 -34

60 47

-58 27

-109 29

-84 46

tcal sh shock initiation 101 237

! assumed 192 149

235 230

17 210

66 212

91 229

Mean tcal,fr -4 28

Mean t 134 21
cal,sh

90% confidence interval of meana Yy 22

a
Applies to both tcal.fl' and tc;al,sh
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Table 16

Overall transit time for varied foll thicknesses on lead cup No. 3

Test assemblies:

Detonator:
Lead cup type:
Variables:

Test Assembly 2.2, Fig 2
foil on top of LC-flange

2.2 and 2.3 of Fig 2, standoff
item 6, with .055" dia hole for
M55, Lot LS-DZ-3347
No. 3, Mu2, LS 91-12
Foil thickness f, bottom A = f

f Time
(in.) (ns)
.010 5691

17231
2607
.005 1838}
1963
1215
.002 1939
1517
1034
no foil 1840
1341
1313

f Time
Remarks (in.) (ns)
Resicue of
LC explosive
LC explosive
burned
WD .005 1065
depressed
1290
Spalling of WD 975

WD depressed
Spalling of WD
WD depressed

Spalling of WD

36

= ,1261,

.1 of Fig 2

Test Assembly 2.3, Fig 2
LC-bottom "A" as foil "f"

Remarks

WD penetrated

WD depressed
Spalling of WD



Table 17

Overall transit time for varied foil thicknesses on lead cup No. 4

Test assemblies:

2.2 Fig 2, standoff L;"" = .1016", AL foil .136" dia
on explosive Ly" = .0981", L, = .1261", item 6,
Fig 2, with .055%" dia hole

Detonator: M55, Lot LS-DZ-3347
Lead cup type: No. 4
Variables: 1) Foil thickness f (in assembly 2.3, Fig 2, LC
bottom A as foil f)
Test assembly 2.2, Fig 2 Test assembly 2.3, Fig 2
standoff L,""* = ,1016 (in.) standoff Ly " = .0981 (in.)
f Time Remarks f Time Remarks
(in.) (ns) (in.) (ns)
.0020 1563 .0053 1075} Beginning of
1410 Spalling of 933 spalling
914 the WD, A
863 similar in 3801 LC expl burned
1095
952 Spalling of WD
937 WD penetrated
Standoff Ly = .1261 (in.)
. 0053 1270 WD
1346 depressed
®No-fire
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Table 18
Nylon washer lead No. 5, time measurements from DEE-profile

Test Assembly: 18.1 in Fig 18; L_ = .0680", item 6 in Fig 18, with

5

.250" dia hole
Detonator: M55, Lot IOP-1-74
Variable: Aluminum foil over acceptor, item 7, Fig 18
Test Foll Time (rumoseconds)a'b Detonation
No. (mil) 'shock tfrag t det ten d tOT Effect
17 2 299 381 476 878 864 Yes
172 251 476 551 911 889 Yes
173 320 456 599 939 933 Yes
174 286 408 585 864 884 Yes
175 313 497 667 932 916 Yes
166 5 354 510 74 959  (1043) Yes
167 286 456 510 912 889 Yes
168 279 442 74 932 923 Yes
169 313 476 660 966 979 Yes
170 279 469 469 912 901 Yes
176 10 272 537 694 1054 1025 Yes
177 327 517 694 1027 1007 Yes
178 272 469 612 980 936 Yes
179 313 476 646 939 943 Yes
180 306 497 694 993 988 Yes

4DEE = time scale measured with magnifying glass

bFor illustration of DEE vs time, see Fig 20; for oscillogram, see Fig 21
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Table 19
Lead No. 5, inert acceptor transit time measurements from DEE-profile
Test Assembly: 18.1 in Fig 18; L_ = .0680", item 6 in Fig 18, with

.250" dia hole, item 8 in Fig 18.1; replaced by
Pentek (inert)

Detonator: M55, Lot IOP-1-74

Variable: Aluminum foil, item 7, Fig 18.1

Test Foil Time Q\anoseconds)a'b

No. (mil) tshock tfrag tend tOT Remarks
187 2 314 537 >2000 2618

188 314 483 2112

189 273 503 2617

184 5 >2000 2380 Failure of
185 2210 camera
186 314 510 2628

181 10 348 498 >2000 2308

182 307 505 2658

183 348 sS4y 2891

aDEE, time scale measured with magnifying glass

bFor' itlustration of DEE vs time, see Fig 20; for oscillogram, see Fig 21
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Table 20

Mean times and velocities for shock and fragments of
M55 detonator, lot IOP-1-74, across a gap of 0.068"

('r:nolil|) :fm::::; tshock tfl"ag ¥ shock Vfr'ag
(ns) (ns) (mm/ps) (mm/us)
RDX/Graphite (99.5/0.5)b
2 5 293120 444435 5.92310.434 3.932+0.324
5 5 302424 471219 5.764+0.417 3.679+0.143
10 5 298118 49921 5.829+0.363 3.469+0.143
Pentek (pentaerythritol) inertb
2 3 300£23 508126 5.776%0.453 3.4090,172
10 3 334423 516124 5.18420.364 3.354£0.149

aFor means and their 90% confidence intervals of values, see

Tables 18 and 19

bFillings of lead No. 5 as acceptor
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Table 21

Excess transit times for nylon washer lead No. 5

with coverings of 2, 5, and 10 mil Al foil

Aluminum
foil over
Test explosive
No. (mil)

VA 2
172
173
174
175

Mean

NN

90% C.L.

166
167
168
169
170

;o

90% C.L.

176 10
177 10
178 10
179 10
180 10

Mean
o
90% C.L.

Measured
transit
time

trans
(ns)

497
435
483
456
435

449
456
490
490
443

517
510
511
463
496

Explosive
height

'Calculated with data from Table 18
Byg = h/vp; vp = 8.105 mm/ps for RDX/graphite (99.5/0.5) and

density 1.63 g/cm?® (Fig 11)

h
(in.)

27

. 1259
.1169
217
1129

A2
A2
12¢

1197
1192

1172
L1304
.1253
.1166
.1299

Ideal
detonation

tid
(ns)

398
395
366
381
354

376
376
376
375
374

367
409
393
365
407

cAverage explosive column thickness from Tabie 2

41

Excess
transit
time

tcal
(ns)

99
40
117
75
81

82
13
21

73
80
114
115
69

90
10
17

150
101
118
98
89

m
1"
18



Test Assembly:

Lead cup No. 4, time measurements from DEE-profile

Table 22

18.2 in Fig 18, Tests No. 144-162, 18.3 In Fig 18, Tests No. 163-165

Time (nanosecor\ds)a

Variables: Barrier hole, standoff L, M55 Detonator
Assembly (inches)
Source

Test Hole S!angoff of . i

No. dia L M55 shock
144 .078 .0908 LS 4no

145

146 310

147 420

148 370

149 .078 .0908 KN 450

150 ,078 . 0648 KN 280

151 .0648 (190)

152 . 0648 260

153 .078 . 0648 KN 240

154 .0648 260

155 .038 .0908 IoP no signals
156

157

158 .078 .0908 op 420

159 440

160 340

161 400

162 400

163 .250 .0883 [0] 4 460

164 280

165 380
a

bL = ,0648" is caused by .035" instead of .061" thick barrier washer
“Mss Detonator Lots: LS-DZ-3347, KN-E-26, IOP-1-74
d
e

t

frag
620

510
600
510

(e)

(e)

(e)

800
600
660
700
800

720
440
680

tdet

720
830
690

440
520
720

840
800

880
840
860

tend

920
880

880
1360

820
1280

1500

1240
960
980

1940

1080

1040
960
1000

ot

1026
999
848

1245
883

1843

922
796
1303

147
30288

11051
na3

(1437)
1118
1158
1201
1214

1093
975
1055

Detonati
Effectan

Yes
Yes
Yes
Yes
Yes

No

Yes
Yes
Yes

inert
inert

No
No
No

No

Yes
Yes
Yes
Yes

Yes
Yes
Yes

Measured with the accuracy of the time scale units on scope graticule, (see Fig 20 £ 21}

Lot KN-E-26, closure with Teflon/paper laminate gives no effective fragmentation

In reference to item 10, Fig 18, "Yes"/"No" means "Was deiormed"/"Not deformed"
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Table 23
Lead cup No. 4, velocities of shock and fragmentsa

Assembly (inches)

Detonati
Téat Hole ://elocity (m/ :ec) eEffnect on
No. dia L MS5 shock frag
144 .078 .0908 LS 5625 3720 Yes
145 Yes
146 7440 4522 Yes
147 5491 3844 Yes
148 6233 4522 b Yes
Average 61974731 41524354
149 .078 .0908 KN 5125 (c) No
150 .078 .0648 KN 5878 (c) Yes
151 (c) Yes
152 6330 Yes
153 .078 .0648 KN 6858 (©) inert
154 6330 inert
155 .038 .0908 0P no signals No
156 in the lead No
157 No
158 .078 .0908 oP 5491 2883 No
159 5242 3844 Yes
160 6783 3494 Yes
161 5766 3295 Yes
162 5766 2883 b Yes
Average 5810431 3280+303
163 .250 .0883 I0OP 4876 3115 Yes
164 8010 5097 Yes
165 5902 3298 Yes

aCalnlculated with values of Table 22
b90% confidence interval

cLot KN-E-26, closure with Teflon/paper laminate
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Table 24

influence of gap on shock and fr:gment velocities
of M55 detonators

M55 lot Number Shock (m/s) Fragments (m/s)
tested
Gap 1.000"°
LS-DZ-3347 7 3617+165
Gap 0.091"€
LS-DZ-3347 4 .61974731 41524354
I0P-1-74 5 5810+431 32804303
Gap 0.068”d
IOP-1-74 5 57641417 3679+143

aMean values and their 90% confidence intervals
bSee Table 1 of Ref 13
cValues from Table 22

dValues from Table 20 fur 5 mil foil on lead explosive
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Table 25

Calculated excess transit times for lead cup No. 4 with a 0.091" gap

Test MSS ot . h tid teal, fr teal, sh
No. Lot (ns) (in.) (ns)€ (ns)d (ns)d
126 LS-DZ- 908 0.0997 208 55 238
127 3347 820 0.1019 304 -39 144
128 901 0.0996 297 49 232
129 881 0.1007 301 25 208
130 883 0.1009 301 27 210
131 900 0.1010 302 43 226
144 1026 0.0998 208 173 356
145 999 0.1003 300 144 327
146 848 0.1010 302 -9 174
147 1245 0.1006 301 389 572
148 883 0.1009 301 27 210
158 1OP- (1437) 0.1009
159 1-74 1118 0.1001 299 16 422
160 1158 0.1019 304 151 457
161 1201 0.10 299 199 505
162 1214 0.10 299 212 518

®Tests No. 126 to 131 in test assembly 2.1 shown in Fig 2; Tests No. 144 to 148
and No. 158 to 162 in test assembly 18.2 shown in Fig 18; Test No. 158 gave a
no-fire for LC No. 4

bData from Tables 13 and 22

In tid = h/vd, vD = 8.504 mm/us for LC No. 4 explosive RDX/graphite (99.5/0.5)

with density 1.74 g/cm?® (Fig 11)

dIn t and tc are contained t

cal,fr al,sh frag and ts

hock (see Table 14)
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77777

FIRING PIN
DEVICE

A,

ETONATOR

NYLON WASHER CONFINEMENT
START SWITCH

STEEL STANDOFF WASHER

EXPLOSIVE ACCEPTOR
(LEAD CUP)

1 NYLON CONFINING WASHER

STOP SWITCH

WITNESS PLATE

Fig 1 Test apparatus for overall transit time measurements
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Particle Size, Microns

800

Q Lot Hol- 8-45, Sieve Analysis
700 J A Lot Ho1-23-10, MSA-Analyzer, Ref 4
600 4 = Specification, Ref. 3 o
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I I I L T T T T T
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Percent With Particle Size Below Ordinate Value
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Particle size distribution of RDX, Class C
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Fig 9 Lead cup No. 4 - photograph of a cut through the aluminum
case parallel to the center axis (height = 0.1104 in.)
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DENSITY, gm/cc

1.8

1.7

1.6

1.5

1.4

1.3

A

A RDX IN M-55, REF. 1
¥ CLASS C RDX (498y)

© CLASS A RDX (222u)
@ CLASS E RDX (22,74u)

i a2 'l

A

Fig 10

10 20 50
LOADING PRESSURE, kpsi

Influence of RDX particle size and loading
pressure on tie compacted density
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Fig 12 Space-time plot of shock initiation (Ref 8)

62



0.110" Hole 0.078" Hole

24 25

2 - 23

0.055" Hole 0.038" Hole

26 27 30

Fig 13 Witness disc penetration in relation to the hole diameter in the
standoff spacer (Configuration 2.1 of Figure 2 with 0.0864" spacing)
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15.1 15.2

15.1: coin off center
15.2: coin in center .077 diameter (See Table 1)

Fig 15 Lead cup No. 3: Photograph of the coined bottom
(see Figure 4), scaleca. 14:1
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Fig 16 Lead cup No. 4: Photograph of the bottom area
(see Figure 4), scaleca. 13.5:1
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PIN SWITCH

CIRCUIT
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Fig 19 Circuit diagram for transit time (to.r) and DEE
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Fig 20 Explanation of the detonation electric effect records
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R duced |
ferodurdion., €

21.1: Test No. 179, Lead Explosive Mo. 5 from Table 3

21.2: Test No. 189, Pentek as Inert Lead-Filling
(Test Assembly is shown in Figure 18.1)

Fig 21 Detonation electric effect records
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Fig 22 Overall transit time vs foil thickness
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APPENDIX

Effect of Varying M55 Closure Disc Thickness
on Acceptor (Lead) Transit Time
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The transit time measurements in Figure 23 on M553 lead cups were
made to determine the effects of variations in M55 detonators and in lead
explosives. Transit times in lead cups were measured when initiated by
the detonators across a 100-mil gap. Leads and detonators were confined
in nylon washers, with a steel washer providing the standoff as shown in
Figure 1. The lead cups were the same dimensions as the M219 (Lead
Cup #2, Table 2). The M553 leads (LS 745) were loaded with RDX/graphite/
calcium resinate by Lone Star AAP and are the same as the M219 |eads,
while the other special cups were specially loaded by Picatinny Arsenal
at 11,000 psi into the same cups.

The detonator variations investigated included thicker aluminum
closure discs, use of Teflon-coated paper closure discs, replacement of
RDX by HMX, and * 15% variations in RDX content, with compensating vari-
ations in NOL-130 content for the high RDX, and in lead azide for the low
RDX content as shown in Table A1l.

All lead cup explosives were pressed at 11,000 psi. Variations in-
vestigated included: Standard Comp A-5 made with Class C RDX; a special
Comp A-5 made with Class E (fine particle size) RDX; 99% Class C RDX,
0.65% flake graphite, 0.35% calcium resinate; and pure Class A RDX.

None of the variations resulted in significant improvements over
the standard M55 in detonation transfer across a 100-mil gap as measured
by lead transit times. Although higher RDX content improved performance
in some cases, it also increased the variability in performance due to the
marginal quantity of lead azide present. As discussed previously, blast
is an important factor in initiation of acceptors across short gaps. Since
maximum kinetic energy in the fragments is achieved with 6-mil discs,
the effect of thicker closure discs in attenuating blast is apparently of more
importance than the increased energy in the thicker discs when spacing
is 100 mils or less.
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