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FOREWORD

This final report documents work performed during the
period 9 May 1972 through 30 January 1973 by Systems, Science
and Software, P.0., Box 1620, La Jolla, California, under
Contract F08635-72-C-0165 with the Air Force Armament
Laboratory, Air Force Systems Command, Eglin Air Force Base,
Florida., Dr. Martin F, Zimmer (DLIW) managed the program
for the Armament Laboratory.

Air Force testing of prototype detonators furnished
under this program was accomplished by personnel of the AFATL
Explosive Dynamics Laboratory, Eglin Air Force Base, Florida,
under the direction of Mr. James C. Jones III.

This technical report has been reviewed and is approved.

P —.:: - L~ ¥ *"o‘/l‘lu' V]
FRANKLIN C, DAVIESY Colonel, USAF
Chief, Flame, Incendiary, and Explosives Division



ABSTRACT

An operationally reliable miniature version of an all-
secondary-explosive, low-voltage electric detonator has been
developed and produced in test quantities. This safe deto-
nator is based on the design which earlier was proven feasible.
The detonator consists essentially of a donor explosive com-
bustion chamber, an impactor disc, an airgap, and an acceptor
explosive column which provides for proper coupling of the
following three critical processes:

(1) Hot-wire initiation of a self-sustaining
deflagration in a donor secondary explosive.

(2) Release and acceleration of a metal impactor
disc by confined product gases of the
deflagration in the donor secondary explosive.

(3) Shock initiation-to-detonation of an acceptor
secondary explosive upon impact by the accel-
erated impactor disc.

It was found that the third process was mechanically separable
from the first two. By separating it, detonator size can be
reduced so that the first and second processes can be fitted
to the FMU-1X fuze rotor while the third process can become
part of the booster. The design parameters which control

the critical process are discussed. A static fix of the
assembly to make the detonator safe in a fast cook-off situ-
ation was demonstrated. Sensitivity to electromagnetic
radiation loading is discussed. Prototype detonators fur-
nished under this program were function tested by the
Armament Laboratory. The results of these tests are included
in Appendix III,

" Distribution limited to U. S. Government agencies
only; this report documents test and evaluation;
distribution limitation applied February 1973,
Other requests for this document must be referred
to the Air Force Armament Laboratory (DLIW), Eglin
Air Force Base, Florida 32542,
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SECTION I
INTRODUCTION

The objective of this program was to develop a detonator
compatible with the FMU-1X impact, short delay fuze system,
which is currently under development. The detonator was to
contain no primary explosive. The detonator was to function
on the principle of hot wire initiation-to-deflagration of a
secondary explosive donor charge. The deflagration-to-
detonation transition within the detonator was to be accomp-
lished by means of a high-velocity plate propelled by the
donor charge and impacting on an acceptor booster explosive
charge. The operational feasibility of a detonator with
these functiona%lfharacteristics had been demonstrated in an
earlier program :

The scope of the effort was to include the design,
development, evaluation, and fabrication of a low voltage,
all-secondary-explosive detonator., The design of the deto-
nator was directed toward miniaturization required for util-
ization in the FMU-1X fuze.

Detonators normally consist of a spark or heat-sensitive
primary explosive and a booster charge. The booster charge,
which is a secondary explosive, provides the main impulse of
the detonator. The primary explosive is usually lead azide,
lead styphnate, or mercury fulminate.

The sensitivity of primary initiating explosives to
shock, spark, and impact necessarily introduces hazards in
manufacture and use, requiring elaborate precautions to
insure safety in handling. Mercury fulminate is well known
as being thermally unstable and has been replaced generally
by lead azide. However, lead azide is susceptible to hydrolysis
which, in the presence of copper, results in the formation of
very sensitive corrosion products. Unless stored under proper
conditions, therefore, detonators containing mercury fulminate
or lead azide have a limited shelf life. Lead styphnate is
much more stable chemically but presents serious hazards due
to its sensitivity to electrostatic charge under conditi??s
now known to exist in some types of electric detonators ‘

In addition, primary explosives, with a few exceptions,
do not burn; they detonate. Friction and fire can lead to
detonation in adjoining secondary explosives. The high
sensitivity of primary explosives dictates that detonators
be handled and stored separately from munitions whenever
possible,



Secondary explosives show much reduced mechanical sensi-
tivity, good chemical stability, and, in general, very little
hazard associated with electrostatic conditions. The use of
only secondary explosives in detonators would reduce the
hazards of handling detonators to the same level as handling
the main charge. With suitable high-initiation levels and
simple shuttering (explosive train interruptor), a detonator
containing only secondary explosives could be safely mated
with munitions during manufacturing, greatly simplifying
logistics and field handling of such munitions.

One possible solution to these problems is an exploding
wire detonator which contains no primary explosive and which
requires a tailored electrical pulse to properly explode the
wire and cause initiation of detonation. These devices, with
properly designed high-voltage/power/energy sources and switch
assemblies, are costly and complex when compared to hot-wire
detonators and associated low-voltage/power/energy supplies.
Their use would impose significant changes in the power supply
and firing circuit of conventional fuze svstem, .

This report describes the design, development, evaluation,
and fabrication of a miniature size all-secondary-explosive
detonator; it also describes minor modifications to the FMU-1X
fuze to make it accept the detonator,

The safety of the detonator against nonprogrammed deto-
nation in high-temperature environments is discussed, and
the results of fast cook-off tests are presented.

Air Force testing of prototype detonators furnished under
this program is documented in Appendix III,



SECTION II
MINIATURE SAFE DETONATOR DEVELOPMENT PROGRAM

A. DESIGN SPECIFICATIONS

The development of a safe detonator compatible with the
FMU-1X fuze and based on the concept and principle of the
all-secondary-explosive electric detonator shown in contractor
drawing 35144100, and shown in Figure 1, was to meet the
following design specifications:

L. Safet%. The detonator design shall meet all criteria
of MIL-STD- .

2., Materials., The materials used to fabricate metal
parts for the detonator shall conform to paragraphs 5.2 and
5.3 of MIL-STD-320. Non-permissible couples defined in
MIL-STD-889 shall not be used. Explosives for the donor
charge shall be no more sensitive to shock, friction, or
spark than HMX or RDX. The acceptor charge shall be one of
the materials listed as acceptable booster explosives in
MIL-STD-1316.

3. Desired Dimensions and Power Requirements. The deto-
nator shall Tit into the available space in the TMU-1X fuze
rotor and shall function on the power available for detonator
initiation.

4. Function Time. A detonator function time of less
than one millisecond 1s required. A function time of less
than 0.5 millisecond is desired. Function time is defined
as the time differential between application of the firing
current and breakout of the detonation wave from the acceptor
charge.

5. Shelf Life, The design objective for this detonator
is a minimum 1l0-year shelf life.

6. Performance. The detonator shall produce dents in
excess of 0,010 inch, in accordance with Test 301, MIL-STD-331,
to be acceptable,

7. Fast Cook-off. The enveloping-flame thermal environ-
ment condItions of 1800 +200°F set forth in Naval Weapons
Requirements, Warhead Safety Tests, WR-50, 13 February 1964,
will be used to assess detonator cook-off characteristics.
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B. DESIGN PARAMETERS

Starting with concept and operating principle of the con-
figuration shown in Figure 1, and having as a goal the develop-
ment of a reliable, safe detonator compatible with the FMU-1X
fuze, the developers were faced with the task of studying
more parameters than were economically feasible to investi-
gate, With th? 9ocumented expﬁgiences of the previous feasi-
bility program 1) and Rei thel, it was decided to use the
same donor and acceptor explosives; that is, RDX for the donor
and PBXN-5 for the acceptor., The quantity and shape of the
donor explosive was essentially unchanged while the acceptor
geometry required considerable adjustment,

For the same reasons, platinum was again chosen for the
bridge wire material. To effect a shorter function time, the
use of bridge wire diameters smaller than that used in the
feasibility design (0.0015-inch diameter) were considered.

Only one alternate size (0.0010-inch diameter) was actually
tested, resulting in insufficient success to warrant making time
measurements., Parameter changes other than changes in bridge
wire diameter and/or length caused additional failures, and
program schedule restrictions would not permit additional tests
to investigate sensitivity to changes of bridge wire dimensions
once a reliable donor system had been developed. The header
was redesigned to minimize material creep which could relax
confinement of the donor explosive. Also, the material used
for making impactor or flyer discs was changed as well as

disc size and method of support,

The air gap, determined by dimensions of the barrel through
which the impactor disc flies, was varied in diameter and length,
and the barrel surfaces were reamed to a smooth finish,

The case was reduced in size, and different methods of
donor explosive confinement were tried.

One of the more important findings of this program lies
in the fact that the acceptor explosive need not be incorporated
within the barrel for the impactor to initiate a high-order
detonation. High-order detonation was achieved in one test
where the acceptor explosive had been separated from the end
of the barrel muzzle by a 0,054-inch air gap plus a 0.020-inch
thickness of stainless steel. (Test No. M-118, see Table I.)
The same conditions prevented a high-order detonation in Test
No. M-123, Successful detonations were achieved with air gaps
up to 0,066 inch (M-107). Broader gaps have not been investi-
gated. However, when gaps were blocked with the following
materials, high-order detonations were prevented: 0.063-inch
fiberglass/epoxy (M-109 and M-119), 0.060-inch stainless steel
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(M-116), 0.054-inch air gap plus 0.035-inch stainless steel
(M-120) and 0.081-inch air gap plus 0.020-inch stainless
steel (M-121).

The acceptor explosive (PBXN-5) powder compressed by
20,000 psi pressure to a density of 1.67 gm/cc, was tested
in a range of shapes from unconfined cylindrical blocks with
diameters much larger than the impactor disc diameter, to
sleeve-confined pressings with diameters smaller than the
impactor disc., The configuratior which proved the most
reliable and consistent in producing > 0,020-inch dents in
standard steel witness blocks was a confined cylindrical
section with diameter equal to, or less than, the impactor
disc diameter, followed by a conical section flaring to a
larger diameter at the output end.

C. DEVELOPMENT TEST PROGRAM

The starting point for developing the reliable, miniature
version of the safe detonator was the product of the feasi-
bility program which is shown in Figure 1. The feasibility
program was a success and pointed to the areas where reliability
improvements could be made. Donor ignition was one such area,
and acceptor initiation and detonation was another. It was
understood at the beginning of the current program that
reliability control, as well as size reduction, was important
to the development of a useful detonator.

During fourteen series of tests, over 130 firings were
performed. The first series was dedicated to the reduction
of impact disc diameter and flight distance. Test No. M-1
proved that the flight distance could be successfully reduced
to 0.15 inch, and tests Nos. M-7 and M-8 indicated 0.076 inch
was a functional diameter for a 0.012-inch-thick stainless
steel impactor disc. The basic hardware shown in Figure 1 was
used for this test series.

A general redesign was than undertaken to reduce the over-
all dimensions while incorporating these proven reduced s.zes
for the flyer disc and flight distance. The screw cap was
eliminated, and confinement of the donor explosive was
accomplished by crimping the header end of the body while the
assembly was under compression in the press. A stainless steel
header capped with a thin (0.010-inch) Fiberglass/epoxy sheet
insulator was designed to provide backup strong enough to
allow crimping of the body. The header diameter was reduced
as well as the spacing between the lead posts. Two bridge
wire configurations were used: one was a straight wire of
0.0010-inch diameter platinum; the other was a 0,0015-inch-
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diameter platinum wire formed into a W-shaped pattern. Both
had an electrical resistance of about 0.3 ohm. 1In both con-
figurations the bridge wire was mounted flush against the
insulating portion of the header. Soft solder was used to
bond the bridge wires to the lead ends which had been finished
flush with the header. The flyer disc was constrained on the
donor face only by the compressed explosive where previously
it had been peripherially clamped by an aluminum donor sleeve.
In this way the donor sleeve of the previous design was
eliminated, and a reduction in body diameter was possible.

The results of the three tests of the second series and
the first three tests of the third series were negative. The
RDX donor explosive did not ignite, and only slight dis-
colorations appeared at the point of bridge wire burnout.

This occurred with both bridge wire diameters. A review of
the test parameter and technique changes caused by the
redesign indicated that there was a serious question about

the residual donor confinement after the crimping operation.
Test assemblies than were set up in a drill press table vise
so that positive confinement could be assured. The first test
did not contain an acceptor explosive section. The donor
ignited, rupturing the flyer disc and accelerating it down the
barrel. Fifteen tests were fired using vise confinement, with
only one high-order detonation of the acceptor cxplosive.

A1l fifteen vise-clamped assemblies, as well as two screw-
confined assemblies resulted in donor ignition with flyer
acceleration., Conditions of the single successful high-order
test were repeated several times without repetition of acceptor
detonation,

Conversion to a design emploving screw confinement with
internal threads at the receiver end resulted in very success-
ful and reliable donor ignition. However, high-order deto-
nations of the acceptor/booster explosive were only sporadic
at best.

Variations of donor cavity strength, stainless steel
flyer disc thickness and diameter, and gap distance were all
futile. Only occasional high-order detonations were achieved.
Several impactor discs had been recovered and inspection
indicated these had apparently traveled the barrel without
tumbling. However, tumbling of the flyer discs appeared to
be a possible cause for the sporadic results., Therefore, in
test series No. 10, three tests were set up to observe the
impact craters in recovered witness plates placed at the
muzzle of the barrel. No acceptor explosive was used. The
results showed that all of the 0,020-inch-thick stainless
steel discs impacted with sufficient force to become embedded
in the steel witness blocks to depths greater than their
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thickness., One disc (Test No. M-97) showed a very symmetrical
impact condition, Test No. M-96 was slightly asymmetrical,
and Test No. M-95 showed that the disc had started to fold
during the cratering impact. These three tests indicated only
slight tumbling occurred with travel distances of 0.4?, 0,75,
and 0.44 inch.

Tests M-99 and M-100 were identical with 0.100-inch-
diameter by 0.020-inch-thick stainless steel flyer traveling
0.75 inch, impacting a tapered acceptor charge in a stainless

sleeve with a 0,076-inch- dlametcr charéc surface at the impact
end. M-99 resulted in a high-order detonation of the acceptor

while M-100 did not. Although the acceptor explosive burned,
without detonating in Test No. M-100, the impact end of the
sleeve remained intact, and flyer disc impact marks showed that
the disc impacted at an appreciable angle with respect to the
acceptor sleeve face. A similar condition was observed from
recovered parts from Test No. M-101 which was similar to Test
No. M-99 except that the fly distance was 0,42 inch and the
acceptor surface diameter was 0.076 inch.

From these observations, it became apparent that thin
stainless steel flyer discs are inclined to tumble and cannot
induce detonation reliably in pressed PBXN-5 acceptor explo-
sive when non-parallel impacts occur. A thicker flver disc
was an obvious solution with broader bearing contact along
the barrel to resist or prevent tumbling, while limiting blow-
by and subsequent velocity loss. The material most immediately
available was aluminum, On a mass-per-unit-area basis, a
0.056-inch aluminum alloy would equal the 0.020-inch stainless
steel flyer discs which had produced high-order detonations
in confined PBXN-5 acceptor assemblies. A piece of 0.050-inch-
thick 6061-TS aluminum alloy was available from which flver
discs were hand punched. Test No. M-102 was identical to
Test No. M-101 except for the change in flyer disc. The
result was a high-order detonation. Repeats (Tests No. M-103
and No. M-104) of Test No. M-102 yielded two additional high-
order detonations., Dents in steel witness blocks were 0,025,
0.027, and 0.027 inch deep.

A review of comparative strengths and thicknesses of the
aluminum alloy and the stainless steel indicates that the
disc punchout pressures for the two are essentially the same,
approximately 50,000 psi. The mechanical properties of 6061-T6
and 5052-H38 are essentially equal so no problem is anticipated
in the use of the latter, a MIL-STD-320 approved alloy, in
lieu of the available 6061-T6 alloy.

The effect of flyer material on the impact shock strength
can be estimated even though the shock Hugoniot for pressed
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PBXN-5, p = 1.67 g/cc is not available. Hugoniot data for
PBX 9404, p ='1,.84 g/cc is given in Reference 4. However,
the shock Hugoniot for PBXN-5, p = 1,67, is probably closer
to that of HNS, p = 1.57(5), or RDX, o = 1.62 - 1.65(5). The
nylon content of PBXN-5 and its void fraction will depress
the modulus of the material. Assuming an impact velocity of
1 mm/usec, Figure 2 gives an indication of the relative impact
shock intensities of aluminum alloy and stainless steecl on
HNS or RDX pressings, which should be indicative of PBXN-5,

= 1,67, This 1nd1cates less than 20 percent lower shock
p?essure in the aluminum alloy/PBXN 5 impact, as compared
with the stainless steel/PBXN-5 impact.

When the thin stainless steecl flyer impacts normal to the
PBXN-5 surface, the shock intensity is only 20 percent higher
than in an aluminum alloy/PBXN-5 impact. The ratio of pulse
durations for the 0.020-inch-thick stainless steel and 0,050
aluminum alloy is

Zt g 2t

I S ) _AA
S
ss  %aa

= 0.46

where t is the thickness of the flver and C_ is the shock
velocity of the flyer material in consisten® units.

Therefore, the aluminum of equal mass per unit area and
equal pressure resistance to stainless steel will accelerate
to the same velocity neglecting frictional differences and
will produce an impact shock in PBXN-5 explosive of nearly
equal intensity for more than twice the duration. The thick
aluminum alloy flyers are restrained from tumbling and conse-
quently should inpact with reproducible velocities, while the
thin stainless steel flyers are subject to tumbling and hence
serious losses of impact velocity.

Reliability of Operation - Although the detonator has not been
optimized for minimum size and economy of production, a con-
figuration which shows considerable promise for reliable
operation is shown in Figure 3. Two groups of twelve units

each of this design were sent to the Air Force Armament Laboratory
for evaluation, A report of those tests is given in Appendix

BT

The header construction, consisting of stainless steel
insulated with a fiberglass/epoxy cap and using a 0.0015-inch-
diameter platinum bridge wire, and with adequate confinement

o X9 ]



soATsordxg SwoS pue (9OUdTUSAUO) 10J PIZTIBIULT BlRQ) SAOTIV wnuiuniy pue

19915 SSaTUIB3S 10J suorlTpuo) 3Idedu] PuUODIISOIDTH 1ad 1913WITITIN 9UQ

*Z 2an3d1g

(29sn/uu) J11d0[a)p S[2L1dkd

g R 61 §°0 90 0
T L\ T T ] 0
0z
- .
o ..r..ur.u.ﬂh
d  B\-
= 4
7% s
2\ :
o [ J
1 \ [
sy o e, =
. ¥ Yo
= “ \ =
=3 7 ol
[ o
2\ P
e\ 3 )
Lt} ¢
W ™
o i CAY
(y8°1 = ©) ¥0O¥V6 X<cd -
(s9°1 = 70) rce " 08
) o ar
(LS*T = ¢) SNH =
-
[}
e
s
/ 001

23



Jrff”
fh“mm

. Acceptor Explosive
(PBXN-5)
(0,076 D § 0.200 D)

Barrel
(Air Gap)
(6,100 D x 0.275 L)

Body

Flver Disc
(0.080 D)

Donor Explosive
(RDX)

Bridge Wire
(0.0015 D Platinun)

~ieader

Initiation Leads

le—Test Sleeve

Ai1l Dinmensions in Inches

Figure 3. All-Secondary-Explosive, Hot-Wire, Electric
Detonator Model 3S185100 with Test Sleeve Contain-
ing Acceptor Explosive
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of the donor explosive, resulted in 112 successful tests out
of 116 tries, with the last 77 functioning properly. A
proper function is defined as the acceleration of the flyer.
In addition, of the 24 units tested by the Air Force Armament
Laboratory, all the headers accelerated the flyer discs.

Except for donor explosive confinement loss with age,
which will be discussed later, and deliberate attempts to
prevent high-order detonations in the acceptor explosive by
inserting barriers between the flyer disc and the acceptor
explosive, 24 successful shots out of 24 tries were attained.
In addition to the above, all 24 units tested by the Air Force
Armament Laboratory achieved high-order detonation of the
acceptor explosive, as indicated by the dent depth column of
Appendix I1I, Table III-1,

The Effect of Aging - Twenty-eight days after fabrication,
Tive detonators of the design shown in Figure 3 were tested
for detonation, torque, and function time. One detonator was
tested without checking the donor explosive confinement torque,
The results indicated a failure of the acceptor PBXN-5 explo-
sive to detonate, although the flyer disc had been accelerated,
The acceptor explosive burned but no dent was produced in the
witness block. The function time switch was actuated at 375
usec after turn-on of firing circuit,

Torque was Shecked on the other four units; each required
approximately 45° (1/8 turn) to bring the resistance back to
the design value of 60 1b-in,

Two detonators were then tested with high-order deto-
nations resulting in 200 and 180 pusec function times. The
nominal 10-ampere firing current was used.

The fourth unit was tested using one ampere firing
current with a high-order detonation occurring at a time
greater than 10 msec, the 1limit of the oscilloscope setting,

The fifth unit was stored for further aging. After an
additional 41-day period, the torque was again rechecked with
a 60 7' rotation required to restore the 60 1b-in. value.
After another 46-day period, the torgue of this fifth unit
was checked and a rotation of only 1° 36' was required for
restoration of the design value. The periods between the torque
rechecks were purely a matter of convenience. The effects
of such variables as the time period between retorquing and
initial loading pressure on the donor explosive should be
investigated. Figure 4 indicates the drastic reduction in
creep of the compressed donor explosive with retorquing.
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Function Time - Function times were measured by the contractor
and by personnel at the Air Force Armament Laboratory's Explo-
sive Dynamics Laboratory. The technique used by contractor
personnel is given in Appendix I and that used by Air Force
personnel is given in Appendix III,

The technique using a normally open foil gap with a 300-
VDC potential, which is shorted by the ionized plasma of the
detonating explosive products, shows the more rapid response.
It is believed that this method produces a reasonably accu-
rate indication of the detonation breakout at the booster
surface. :Measured by the 300-volt gap shorting method,
detonators, built as shown in Figure 3, had function times
of approximately 200 usec with 10 amperes pecak initiating
current, and greater than 10 msec when the initiating current
was limited to one ampere. The combined detonator/booster
function time specification for the FMU-1X fuze is 300-usec
maximum, with 100 usec desired. Figure 5 shows a typical
oscilloscope trace photograph of the initiation current versus
time and the instant of closure of the foil switch located at
the output end of the acceptor explosive., The maximum steady-
state current which will not ignite the RDX donor explosive is
yet to be determined. Figure 6 shows the function time versus
initiation current,.

Fast Cook-off Protection - The all-secondary-explosive, hot
wire, electric detonator is inherently a safe detonator. Its
construction includes epoxy cements which, in part, provide
sealing and containment for the donor explosive. Upon heat-
ing, these cements degrade and defeat the confinement of the
heating donor explosive, preventing the rupture of the flyer
disc., The only restriction is that the heating rate must be
limited by the detonator container or holder or fuze body,
such that the epoxy has time to degrade. Tests showed the
system to be safe when the body reached a relief temperature
in about 100 seconds. One unit tested without the test

sleeve (sece Figure 3) raised in temperature so rapidly that
confinement was maintained, and the decomposition products

of the RDX were sufficiently confined to develop in 12 seconds
the disc bursting pressure. Calibration runs on sheathed

and bare units showed the sheathed unit to reach 500°F in

100 seconds and the bare unit 400°F in 12 seconds. The explo-
sion temperatures of Cyclonite (RDX) at various soak times are
given in Reference 6 as follows.

Seconds oC(OF)
@7 405 (762)
1.0 316 (600)
5.0 (decomposes) 260 (500)
10.0 240 (464)
15.0 235 (455)
20.0 ---
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10 amps
0.5 V/Div, —
Across 0.1 Q

0 100 psec/Division

— Switch Closed by Acceptor Detonation
(Switch Located Between PBXN-5 and
Steel Witness Block - 35185120)

Figure 5. Bridge Wire Current Versus Time and Function Time
for Detonation, 35185100 Mounted per Figure 3,
Test No. M-132
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These data indicate that the RDX donor can be exnected
to burn rapidly, or possibly detonate, if heated above 400°F
for an extended period. The fast cook-off tests further
indicate that the burning or decomposition rate is slow enough
to prevent acceleration of the flyer disc if the RDX heating
rate is limited by a mount which acts as a heat resistor,
giving the cements time to decompose and thus rclieve the
confined donor explosive.

To supplement the cements as the confinement defeating
avenues, a modification to the detonator body was made where-
by a fuze plug connected the donor RDX with the outside of
the body. The fuze material was a 70 percent cadmium-30 per-
cent tin low-thermal solder with a melting range of 360° to
470°F, Two detonators with this modification were fired
successfully at room temperature (see Table I, Tests No.

M-110 and No, M-113). The effectiveness of this modification
was not pronounced in the fast cook-off tests as reported in
Appendix II. The standard model detonator, 35185100, in its
test sleeve 35185120 was designated "Type P" in the fast cook-
off tests, and the fuze plug modified detonator was designated
as "Type B."

Four modified detonators in their steel sleeves, Tvpe B,
were exposed to the 1800 +200°F fast cook-off flame. None
ruptured its flyer disc. One made an audible report,

Three standard detonators in their steel sleeves, Type I,
were exposed to the fast cook-off flame. None ruptured its
flyer disc. Two made audible reports. The bare unmodified
detonator without its test sleeve made an audible report
firing its impactor disc. No acceptor explosive was used in
this test.

Following these fast cook-off tests, the second group of
12 detonators was shipped to the Air Force Armament Lahoratory
for further test evaluation,

Susceptibility to Electromagnetic Radiation - Electromagnetic
radiation incident on a detonator and/or 1its immediate surround-
ings can manifest itself in any one ot several ways in the
explosive material contained in the detonator:

Large electric fields can appear in the explosive by
inductive coupling with a loop in which the explosive appears
as a capacitance in the presence of an electromagnetic pulse
(EMP). Also, large fields, in some cases, can result from an
internal electromagnetic pulse (IEMP) effect.
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The explosive can be subjected to shock stresses as a
result of radiation deposition in the explosive itself and/or
adjacent materials.

Deposition of radiation in the explosive or surrounding
material can cause a rise in the temperature of the explosive.

The bridge wire can be heated by currents which result
from inductive coupling of radiation with a loop in which the
bridge wire appears as a resistance (EMP),

Thus electromagnetic radiation can result in the appli-
cation of at least four different kinds of stimuli to the
detonator which could conceivably cause initiation of the
explosive by, respectively,

eSpark Initiation
eShock Initiation
eAutoignition (Thermal)
eliot Wire Initiation.

A. Spark Initiation. The all-secondary explosive deto-
nator discussed here contains no explosive more sensitive than
RDX explosive at a density of about } 6 gm/cm?, Spark initi-
ation studies at Sandia Corporation( J have shown that spark
initiation of PETN is analogous to exploding bridge wire
initiation of PETN. PETN is an explosive which behaves much
in the same manner as the less sensitive explosive RDX. Spark
initiation of PETN can be realized only if peak power levels
approaching one megawatt are realized on sub-microsecond time
scales, Stated another way, spark initiation of PETN, and
thus RDX, can only be obtained with very specialized circuitry
operated in a very specialized way. This discussion thus far
has pertained to explosive pressed to a low density ~ 1.0 gm/cm’.
The sensitivity of secondary explosives to any mode of initi-
ation which depends on a shock wave, i.e., exploding wire or
spark is reduced very rapidly as the pressing density is
increased.

Explosives found in electric detonators, e.g., lead azide
and lead styphnate, are usually initiated to detonation when-
ever a spark breakdown occurs from a static or pulsed field.
Lead azide at a typical density of 2.5 gm/cm?® is initiated
with fields in the region of 50 KV/cm or less.

B. Shock Initiation., Under the most ideal conditions,
planar front, flat-topped, long duration shock wave, a stress
of about 10 kilobars in the explosive is required for initi-
ation of RDX and similar explosives ?E high pressing density
with a maximum run of 5 millimeters. )" This number, at
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least 10 kilobars, is to be compared with a ShO?B initiation
threshold of about 3.6 kilobars for lead azide.(®) It should
be noted that the absorption coefficient and thus the radia-
tion-induced stress will be lower in an organic explosive like
RDX than for lead azide or lead styphnate. 1If the shock wave
of interest is generated in a surrounding medium and propa-
gated into the explosive, one should also note that the
acoustic impedance of RDX at 1.6 gm/cm? is substantially less
than PbN, at a typical density of 3 gm/cm®, Thus, for the
same absorbed radiation in a surrounding material, the trans-
mitted shock into lead azide will be substantially greater
than that transmitted into the RDX.

C. Autoignition (Thermal). When radiation is deposited
in a material, the temperature of the material is increased in
proportion to the quantity of radiation deposited and the
specific heat of the material. The autoignition temperature
of RDX is about 230°C while that of PbN,. is about 335°C. Using
specific heats of 0.3 cal/gm/C for RDX gnd 0.11 cal/gm/C for
PbN,, it is concluded that about 63 cal/gm would be required
to itnitiate RDX while 35 cal/gm would be required to initiate
PbNg. When one notes that the mass absorption coefficient for
PbN,. is one to several orders of magnitude greater than that
of ﬁDX in the energy range of interest, it is clear that vul-
nerability of RDX to initiation by autoignition resulting
from radiation deposition in the explosive is of little con-
cern.

D. Hot Wire Ignition. The energy deposited in a deto-
nator bridge wire by an external source necessary to cause
initiation is a design parameter which can be varied rather
freely by varying the material and size of the bridge wire
within the capabilities of the firing circuit. The detonator
discussed here offers no inherent safety over conventional
detonators requiring similar electrical inputs from hot wire
ignition resulting from inductive coupling of electromagnetic
energv into a circuit loop external to the detonator. There-
fore, usual precautions against electromagnetic pulse coupling
should be enforced with this detonator, such as coaxial cables,
twisted pairs, non-inductive windings, and shieldings.
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SECTION ITI
CONCLUSTIONS

A miniature all-secondary-explosive, low-voltage electric
detonator has been developed and demonstrated. Its operating
principle is that set forth in the previous program, which
demonstrated feasibility. The operating principle required
the proper coupling of the following processes:

(1) Hot wire initiation of a self-sustaining deflagration
in a donor secondary explosive.

(2) Relecase and acceleration of a metal impactor disc
by confined product gases of the deflagration in the donor
explosive.

(3) Shock initiation-to-detonation of an acceptor
secondary explosive upon impact by the accelerated impactor
disc.

Containing no primary explosive, detonators of this
design uare as safe to handle and use as are stable secondary
explosives in general. The detonator is insensitive to shock
and electrostatic charge. The third process listed above can
be decoupled from the first two, such that conventional
mechanical safeing can be utilized, i.e., the metal impac?or
disc can be arrested by inert material by either an insert at
the end of its gun barrel or by rotation out of alignment with
the acceptor explosive. Because of its inherent stability,
the requirement for disarm mechanisms is in question.

This reliably demonstrated model utilizes materials which
conform to paragraphs 5.2 and 5.3 of MIL-STD-320, is free of
nonpermissible couples defined in MIL-STD-889, and the accep-
tor explosive, PBXN-5, is one of the accepted booster explo-
sives in MIL-STD-1316.

The unit is of a size which will fit within the rotor,
with minor modification, of the FMU-1X fuze. The acceptor
explosive would then be a part of the booster section,

The power requirement is very small--10 amperes for 200
usec, Two-hundred microseconds is the function time when the
unit is initiated with a current of 10 amperes. Higher currents
for shorter periods may produce faster function times and may
permit firing from a practical capacitor discharge circuit.
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The shelf life should be very good because all materials
are compatible and stable,.

The detonator with an acceptor explosive of 0.37-inch
length repeatedly produces dents of 0.025 inch in a steel
block, per Test 301, MIL-STD-331,

The design is safe in fire, as demonstrated in fast cook-
off tests, per Naval Weapons Requirements, Warhead Safety
Tests, WR-50, 13 February 1964, when the detonator is housed
in a case that restricts the heating rate.

- Several conditions and parameters are not optimized nor
adequately understood to insure successful operation, if
engineering modifications are required to adapt to a specific
application. These include:

(1) The effect of creep on the confinement of the donor
explosive needs further study, although it appears that this
pressed RDX powder does stabilize with time under pressure.

(2) The initiator power supply characteristics and their
effects on function time should be further understood con-
current with bridge wire changes which would reduce construction
difficulty.

(3) The flyer disc velocity repeatability should be
determined to permit selection of optimum size components for
specified application,

The detonator of the design presented in this report has
shown sufficient reliability and performance characteristics
to make the all-secondary-explosive, low-voltage, electric
detonator a serious contender for application to sny munition
system, wherein safety in production, storage, handling, and
use is an important consideration,
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APPENDIX I
CONTRACTOR TEST PROCEDURES

Most of the tests of the detonators of various configu-
rations were performed by contractor personnel at the explo-
sive test facilities of Reynolds Rocket Systems, La Puente,
California. The function time tests were made at the con-
tractor-operated, U.S. Government-owned Green Farm Test Site,
San Diego, California. The fast cook-off tests were performed
by Truesdail Laboratories, Los Angeles, California, whose
report is presented as Appendix II,

The instrumentation for the explosive tests is shown in
schematic drawing (Figure [-1),

The firing current was calibrated prior to each test
series. A dummy resistor, approximately equal to the cold
resistance of the platinum bridge wire, was inserted across
the detonator terminals in lieu of an actual detonator. An
ammeter was placed across the ammeter terminals. The variable
resistor was used to establish the desired firing current.
After the firing current was established, the ammeter was
removed and replaced with a shorting block. The actual deto-
nator leads replaced the dummy load and the test began.

The power/reset switch (S;) was turned on, applying +12
volts to the SCR. Initiation of the detonator was accomplished
by depressing the fire switch (S;) turning on the SCR, pro-
viding a no-bounce current to the detonator, and generating
a single sweep synchronization pulse for the oscilloscope.

Actual detonator firing current, as a function of time,
was monitored as a developed voltage across a 0.l-ohm resistor.
A pin switch containing a small air gap was mounted on the
outer surface of the booster charge. Ionization of air in
the pin-switch gap, due to booster detonation, caused con-
duction indicating detonator response time.

Typical firing current and pin-switch waveforms are
shown in Figure 5 in the body of the report., The pin-switch
channel utilized a reverse polarity display to generate the
break in the timing base line. The firing current wave shape
reached the peak firing current rapidly and decayed from this
maximum as the bridge wire resistance increased under localized
temperature effects.
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APPENDIX II
FAST COOK-OFF TESTS
TRUESDAIL LABORATORIES, INC.

Fast cook-off tests which are set forth in Department of
Navy Bureau of Naval Weapons Document WR-50, paragraphs 5.3.2
and 5.3.2.1 were conducted on the Safe Detonator--35185100
devices.

The work consisted of designing and constructing the
testing equipment and performing the tests in accordance with
a plan set forth for testing two models of the Safe Detonator.

In order to establish that the testing equipment satis-
fied the requirements of paragraph 5.3.2.1 of the WR-50,
temperature calibration tests were performed.

In order to provide a flame which could continuously
envelop the detonator assembly, a forced air-natural gas
burner was used. The burner surface area consisted of a
series of 0.055-inch-diameter holes measured 0.8 inch by 6.0
inches. The Safe Detonator specimen was supported by a 1-1/4
inch by 1-1/4 inch steel angle. A hole was drilled through
the angle which accepted the bolt of the detonator. The hole
through the angle was counterbored so that the bolt could not
be tightened against the angle. This arrangement permitted
the detonator to be loosely supported by the angle. The deto-
nator mounting angle was attached to an aluminum plate by two
10-32 screws. The aluminum plate was 1 inch thick and the
detonator mounting angle was attached to the edge. Between
the angle and the edge of the plate, asbestos concrete washers
were used so as to provide a space of 1/2 inch between the
angle and the aluminum plate,

The initial test to determine the flame and detonator
specimen temperature was conducted with the angle bolted
directly to the aluminum plate. Using this procedure, it was
determined that the aluminum plate provided a larger heat
sink than possibly existed during the production mounting of
the detonator assembly, The results of the thermal tests
involving these two configurations will be discussed later in
the report.

The gas burner and the detonator assembly support structure

were contained in a section of steel pipe 12-inch I.D. by
3/8-inch wall thickness. The section of pipe was 18 inches
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long. The pipe was set on end., Over the top of the pipe was
placed a piece of expanded metal steel which was 1/8 inch thick.

In order to determine the flame temperature, chrome alumel
thermocouples, whose output was connected to a Minneapolis
Honeywell chart recorder, were positioned in the nonoxidizing
portion of the flame. The range of the recorder was 1,000°0F
to 2,600°F, Before tests were started, the instrument was
calibrated against a millivolt standard. All tests were con-
ducted in the section of pipe previously described. The
temperature of the flame was established by probing the flame
area with a thermocouple in the vicinity of the detonator
specimen, It was found that by controlling the flow of air
and gas, the enveloping flame could be easily maintained at
a temperature between the specified range (1,800°F + 200°F),
Once the air and gas flow had been setd the flame temperature
could be maintained over a range of 50°F,

In order to determine the rate of increase in temperature
of the specimen when subjected to an enveloping flame of
approximately 1,800°F, a thermocouple was installed in the
explosive chamber of a detonator assembly., This unit did not
contain the explosive charge. Tests were conducted with the
mounting angle bolted directly to the aluminum plate and with
the mounting angle separated from the aluminum plate by a
space 3/4 inches. With the angle bolted directly to the
aluminum plate, sufficient heat was conducted from i1t so that
the angle never attained the same color red that the detonatur
unit attained., With the angle separated from the aluminum
plate by 1/2 inch, the detonator mounting angle obtained
approximately the same color red as did the detonator assembly.
Graph No. 1 (Figure 1I-1) depicts the temperature rise
characteristics of the two detonator mounting arrangements.

Four of the detonator assemblies were not colored and
for the purpose of this report are identified as detonator
assembly P, Additionally, four units were furnished in which
the detonator body was painted with blue dve. For the pur-
pose of this report, they are identified model B, The pre-
scribed test procedure was to first test the "P'" units in
accordance with paragraph 5.3.2.1 of the WR-50. These units
were to be tested until all four units successfully passed
the 15-minute test or until the first of the four units
exploded. If the four units successfully passed the test,
the "B" units were not to be tested. If a "P" unit exploded,
no further "P'" units were to be tested and the next unit to
be tested was the "B" configuration. 1In this procedure the "B"
units would be tested until all four units successfully passed
the test or until a "B" unit exploded. If a "B'" unit exploded,
the test was to be stopped.
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The following table gives the results of the tests:

Detonator Detonator Mean Flame Duration
Specimen Specimen  Temperature of Test

Type Number (Degrees F) (Minutes) Remarks
P 1 1850 1.645 Unit exploded?*
B 1 1675 15 Survived
B y’ 1960 1.5 Survived
B 3 1728 1.65 Unit exploded?*

The witness block which was attached to units P-1 and B-3
showed evidence of the explosion although the steel did not
appear to be deformed., The witness block of units B-2 and B-3
contained some carbonized material from the detonator device.

Subsequent to the above described tests, it was decided
that the three P units and the one B unit which had not been
tested should be tested. The test equipment previously
described was again set up and the temperature-measuring
instrumentation recalibrated. These units were then tested
in accordance with the procedure previously described. The
results of the tests are tabulated below:

Detonator Detonator Mean Flame Duration
Specimen Specimen  Temperature of Test

Type Number (Degrees F) (Minutes) Renarks
4 1925 15 Survived
p 2 1950 15 Survived
p 3 1775 1.8 Unit exploded®
p 3 1775 15 Continued test

after explosion
until end of 15
minute period

Detonator®**
tested without
sleeve. Unit
exploded beneath
sleeve.

p 4 2000 0.

o

After the tests were performed, a bare detonator body
which contained no explosive charge was used for the

X
For footnotes, see page 41.
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purpose of determining the temperature-time relationship when
the unit was placed in the same flame as used to test the deto-
nator., To perform this test an Iron-Constantan thermocouple
was installed in the body where the explosive charge is
normally held. The flame temperature was monitored and main-
tained at a mean temperature of 1850°F. The temperaturec-time
characteristics for this device are plotted on Figure II-1.

Footnotes by E. A, Day of Contractor

*Upon disassembly of the units, the flyer discs were intact,.
The epoxy cement used to hold the initiation lead to the header
and the header were destroved; the fuze plug was gone from the
"B" unit. This indicates that the RDX burned rapidly but
failed to develop sufficient pressure to punch out the flver
section of the aluminum alloy disc.

**Detonator designated P-4 was exposed to the gas flame directly,
The sleeve and retainer screw, Part Nos. 35185212 and 35185122
were not used., At twelve seconds, the decomposing RDX developed
enough pressure to punch out the aluminum flyer disc which
impacted a steel witness block at the end of the barrel. The

RDX pressure was sufficient to split the detonator case, Part

No. 35185101,



APPENDIX ITI
AIR FORCE TESTING OF CONTRACTOR DETONATOR

Twenty-four prototype detonators furnished by the con-
tractor were function tested in the Explosive Dynamics
Laboratory, AFATL. The procedures and results were as out-
lined below:

1. To insure compaction of the RDX donor charge, each
detonator cap was tightened to 60 inch-pounds prior to firing,
The firing circuit for the test was patterned after that uscd
by the contractor. A No. 4 pencil lecad was placed at the base
of the detonator to function as a switch., A six-volt battery
was used to establish a potential across this switch., To
back up data on this technique, an aluminum foil switch was
placed across the bottom of the detonator with a 180 VDC
potential. Both switches were monitored with Tektronic model
555 oscilloscopes with type K vertical amplifiers. Function
time was measured as the time difference between application
of firing voltage (trigger) and breakout of the acceptor charge
which broke the foil and lead switches. Type 21A and 22A time
base units were incorporated using ranges of 0.1 ms/cm and
0.5 ms/cm, Other instrumentation consisted of a steel witness
block to measure detonator output,

2, Of the 24 detonators tested, six malfunctions occurred,
These malfunctions were due to:

a., Trigger malfunction.
b. Insecure placement of detonator on witness plate.

c. Pre-ignition due to a current leakage through
the oscilloscope grounding.

In the final three shots, the detonators that experienced
pre-ignition were examined. The leads had apparently shorted
to the detonator housing. When voltage was applied to the
aluminum foil switch, a current was established in the bridge-
wire. This caused pre-ignition. Table III-1 gives the test
results from each detonator.
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TABLE III-1.

TEST RESULTS FOR

AIR FORCE TESTING OF DETONATOR

Firing Function Function Dent
Shot Current Time Time Depth Scope
No. (AMPS) A (1) B(2) (Inch) Deflect Remarks
SERIES No. 1
1 S5A 0.85 ms - 0.026 4,1V Go
2 5A 0.9 ms - 0.023 4,1V Go
3 5A - = 0.028 - Trigger mal-
function
4 SA 0.82 ms - 0.025 4.1V Go
5 5A 0.84 ms - 0.026 4,1V Go
6 S5A 0.86 ms - 0.029 4.1V Go
7 5A 0.82 ms - 0.026 4,1V Go
8 5A 0.81 ms - 0.023 4.1V Go
9 S5A 0.9 ms - 0,021 4,1V Go
10 7A 0.38 ms - 0.028 4,1V Go
11 7A 0.41 ms - 0.009 4,1V Detonator not
secure to plate
12 7A 0.41 ms - 04025 4,1V Go
SERIES No, 2
1 7A 0.41 ms - 0.027 4v Go
2 7A - = 0.026 - Trigger mal-
function
3 7A 0.38 ms - 0.0275 4V Go
4 10A 0.28 ms - 0.028 v Go
5 10A 0.41 ms s 0.0295 4y Late
6 10A 0.27 ms - 0.028 4v Go
7 10A 0.52 ms - 0.028 4v Late
8 10A 0.23 ms 0.23 ms 0.021 4V Go
(3)
9 10A 0.24 ms 0.24 ms 0.024 4v Go
10 10A - = 0.021 - Pre-ignition
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TABLE I1I1-1. (concluded)

Firing Function Function Dent
Shot Current Time Time Depth Scope
No. (AMPS) A (1) B (2) (Inch) Deflect Remarks
11 10A - - 0.020 - Pre-ignition
12 10A - - 0.021 - Pre-ignition
NOTE: (1) Function time A was recorded making use of a pencil

(2)
(3)

lead switch.

Function time B was recorded making use
aluminum foil switch,

Both switches displayed a difference in
time of only a few microseconds.
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