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NONPRIMARY-EXPLOSIVE,HOT-WIREDETONATOR

by

RobertH. Dinegar

ABSTRACT

A nonprimary-explosive, hot-wire detonator,employing
the deflagration-to-detonationtransition(DDT)process,has
been developed. Pentaerythritoltetranitrate(PETN)is the
explosiveused. The assemblyis nominallya l-A/l-W/l-Q
system. The DDT processhas been examinedover a rangeof
PETN specific surface Vahes (3 000-14500 cm2/g) and
pressing densities(1.0-1.4g/cm3). The reactionis sen-
sitive to the degreeof subdivisionand the compactnessof
the explosivein which the transitiontakesplace. It ap-
parentlyhappensbetterwith PETN of smallspecificsurface
loadedat low density. Consistenttransitionsfromburning
to detonationoccurin PETNpressings9 mm or more in length,
with diametersof about 2 mm. Increasingthe chargedia-
meter by a factorof 2 appearsto allowa shorteningof the
requiredchargelengthby severalmillimeters.

INTRODUCTION

Secondaryexplosivessuch as PETN
can be ignitedby a hot wire at low
currentand low voltage. If the con-
finementof the ignited explosiveis
restrictiveenough and other criteria
are met, the deflagrationwillbuildup
(transit) into a detonation. This
paper discussesdevelopmentalexperi-
mentsleadingto a functionalexplosive
device and selectedparameterstudies
on a hot-wire detonator (ER-345).

DDT DEVELOPMENTALSTUDIES

ER-322 donor assemblies (Fig. 1)
with NichromeV bridgewiresof 0.05-MM
diameter and 2.5-mm length (room-
temperatureresistanceof =1 Q), loaded
to a densityof 1.6 g/cm3with PETN of

specificsurface(S)3 650 cm2/g,were
found to have an ignition-current
thresholdvalue of about 1 A over an
environmentaltemperature range of
-54°cto +74”C. All-firevoltageand
currentvaluesat the low temperature
are 2.5 V and 1.4A. They are 210 V
and 1 A at the high temperature.The
all-fail current value at +74°C is
close to 0.7 A. While these values
vary slightly over this temperature
range, it appearsthat this assembly
is a nominal l-A/l-W/l-f2system.

An indicationof the reproduci-
bility in performanceof this donor
portion (ER-322)of the hot-wireDDT
assemblyis given in Table I. These
data come from experimentsusing HMX
insteadof PETN as the donorexplosive
chargebut shouldbe representativeof

1
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TABLEI

REPRODUCIBILITYOF EXPERIMENTALRESULTS

Bridge Bridge HMX Loading Function
Diam Length Density Current
(mm) (mm) (g/cm3) (A)

0.051

0.051

0.051

0.051

0.038

0.038

0.038

0.079

0.051

0.051

0.038

0.079

1.7

1.7

3.1

4.5

1.55

1.55

1.55

1.62

1.7

1.7

1.55

1.55

1.64

1.64

1.64

1.64

1.64

1.64

1.64

1.64

1.56

1.56

1.56

1.56

PETN as well. The last column gives
the value of the functiontime (tf)--
the time fromstartof electriccurrent
throughthe bridgewireuntilthe explo-
sivematerialignitesand the resulting
burning reaches a self-sustaining
reaction--overa range of bridgewire
dimensions at two explosive loading
densities.The currentvaluewhen this
functioningoccursis calledthe func-
tion current,I
fourth column.“ and ‘s‘shown‘n ‘heFor a given value of

%;ttf appearsto vary by severalper

The transitionbarrel portionof
the hot-wireexplosivedevicewas made
in two sections,loadedseparatelyand
then screwedtogetherto form the cy-
lindrical
sectionof

transition cavity. Each
the transitionbarrelhas a

2.18
2.18
1.41
1.39
2.77
2.73
1.64
1.6o
0.87
0.87
1.17
1.17
2.43
2.20
4.60
4.68
3.15
3.10
1.49
1.47
1.35
1.35
6.74
6.74

Function
Time
(ins)

3.06
2.99
9.54
10.18
1.92
1.96
7.04
7.79
12.32
10.72
4.29
4.11
1.19
1.18
3.12
3.28
1.27
1.27
7.77
8.07
3.22
3.22
3.65
2.94

2.5-mm inner diameter and 7.o-mm
length, giving an overall 14-mm.
length. These barrels were loaded
with PETN of three widely differing.
specific surface values (S = 3 650,
8 400, and 14 600 cm2/g)at 1.0-g/cm3
loading density. The DDT reaction
took place in each. Dents werepro-
duced in 6061-T6 aluminum witness
slugs attachedto the downstreamend
of the transitionbarrels. No con-
sistentvariationin dent depth with
PETN specificsurfacechangecouldbe
found. It appears,however,that the
PETN with the smallestS value (larg-
est “averageparticlesize”)produced
the deepestdent in the witnessslug.
The densityof the PETN samplein the
transitionzone was also varied at
constant powder specific surface.
Dents were again observed in the

3



TABLEII

DDT IN ALL-PETNER-322ASSEMBLIESWITHOUTA BOOSTERPELLET

Donor: PETN S = 3 650 cm2/g Density= 1.64g/cm3 Mass= 100mg

6061-T6Aluminum
TransitionBarrel WitnessBlockDent

PETN Mass Density Diameter Length Depth
S (cm2/g) (mg) (g/cm’) (mm) (mm) (mm)

3650 72 1.0 2.5 14.0 0.7
8400 72 1.0 2.5 14.0 0.5
14600 72 1.0 2.5 14.0 0.5
3650 72 1.0 2.5 14.0 0.4
3650 86 1.2 2.5 14.0 0.8
3650 100 1.4 2.5 14.0 0.8

aluminum witness slugs, showing that
the DDT reaction had occurred.
TableII gives both sets of data.

Boosterpelletsof PBX 9407 mate-
rial (density= 1.6g/cm3) were sub-
stitutedfor the witness slugs to see
whetherthe detonationproducedin the
DDT was strong enough to initiatea
high-density, secondary explosive
pellet. All systems detonated. The
transition-zonePETN that was examined
had an S value of 3 650 cm2/gand was
pressed to 1.0-, 1.2-, and 1.4-g/cm3
density. In these experiments we
measuredthe diameterand the depthof
the
and
cal
are

dent in a 2024 Duralwitness-block
calculatedthe estimatedcylindri-
volume. The data from theseshots
givenin TableIII.

TABLE

Over 40 completeassemblieswere
fired at low, ambient,and elevated
temperatures.Aluminum(6061-T6)con-
finement shims (0.8mm thick) were
used betweenthe donor and transition
chargesto enhancepressurebuildupin
the donor and providemore efficient
compressionin the transitioncharge.
The detonator,however,will function
quite satisfactorily without the
confinementplate. High-densityPETN
and PBX 9407 pelletswere the booster
charges. All shotsproduceddents in
2024Duralwitnessblocks,as evidence
of detonation. Expansion of the
transitionbarrel diameters clearly
show the buildupto detonationtakes
place in the transitioncharges of
PETN and not in the boosterpellets.
The cylindricalvolume of the dents

DDT IN ALL-PETNER-322ASSEMBLIESWITHA BOOSTERPELLET

Donor: PETN S = 3 65o cm2/g Density=

BoosterPellet: PBX 9407 Density=

TransitionBarrel
PETN Mass Density Diameter Length

S (cm2/g) Q!UQ (g/cln3) (mm) (mm)

3650 72 1.0 2“.5 14.0
3650 86 1.2 2.5 14.0
3650 100 1.4 2.5 14.0

1.64g/cm3 Mass= 100mg

1.6 g/cm3 Mass= 376 mg

2024DuralWitnessBlockDent
Depth Diameter Volume
(cm) (cm) (cm’)

0.28 1.43 0.4
0.23 1.41 0.4
0.21 1.54 0.4

4



TABLEIV

DENT CHARACTERISTICSAS A FUNCTIONOF
ENVIRONMENTALTEMPERATURE

Dent
Depth/Diam Vol Booster-

(MM) (cm3) Material
2.1/10.2 0.2 PETN
2.0/11.6
2.3/10.6

2.6/11.7
2.4/13.8
2.9/12.3

2.6/12.6
2.5/13.0
2.9/12.5

0.2
0.2

0.3
0.4
0.3

0.3
0.3
0.3

PETN
PETN

PETN
PETN
PETN

PBX 9407
PBX 9407
PBX 9407

producedin the witnessplate depends
upon the densityof the boosterpellet.
The dataare givenin TableIV.

NONPRIMARY-EXPLOSIVE(PETN), HOT-WIRE
DETONATOR(ER-345)

The constructionof the PETN-DL)T,
hot-wiredetonatorcame about as a re-
sult of ad hoc testing. Once the ap-
proximate successful parameters had
been defined,a prototypeweapondeto-
nator couldbe designedab initio.The
ER-345 (Fig. 2) is the result. The
donor portion is the ER-322. The
transitionchargebarrelis of a single
piece of steel whose length and bore
diametercan easilybe modified.If the
length/diameterratioof thisbarrelis
large, its loading generates a new
detonator parameter, i.e., resultant
explosivedensitygradients.

Detonators that had transition
barrels 14 mm long with a 2.5-mmbore
diameterwere assembled. These dimen-
sions met the criteriaof more than
enough length for deflagration-to-
detonationbuildupand at the same time
provided a large (ea. 5) length/
diameter ratio. The barrels were
loaded in one and two pressingopera-
tions. The resultsof firingdetona-
torsso assembledare shownin TableV.
PressingMode A is a singleloadingof

Pellet
Density
(g/cm3)
1.3
1.3
1.3

1.6
1.6
1.6

1.6
1.6
1.6

80 m~ of

EnvironmentalTemperature
(Oc)
-54
+20
+74

-54
+20
+74

-54
+20
+74

PETN.pressedfromthe donor
end. This ‘p;oduces the highest
transition-barreldensityat the donor
end and the lowest at the booster-
pellet end. Mode B is a two-step
(40-mg each) pressingoperationfrom
the don”orend. This procedurestill
provides the lowest density at the
booster-pelletend,but the densityin
the tube no longerincreasessmoothly
to the donor end. It has a high/
low-densityinterfacenear the center
of the barrel. Mode C gives the
highestdensityat the booster-pellet
end with a smooth decrease to the
donor end. Mode D is similarto Mode
B in that the densitygradationfrom
booster-pelletto donor end is no

longer uniform. It differs in that
Mode D has the highest resultant
density at the booster-pelletend.

All detonators fired and gave
dentsin aluminumwitnessblocks. PBX
9407 boosterpelletsgave cylindrical
dents of largervolumewhen theywere
initiatedby the configurationswith
the highestdensityPETN at theirend.
We feel this is becauseof a faster
and strongerbuildup process in the
transition barrel when the donor
igniteslower-densityPETN,as well as
the booster pellet being initiated
closerto itsmaximumdetonationvelo-
city, the higher the densityof the

5



iA/1 W NO FIRE 2.5A ALL FIRE

Fig. 2. All-Secondary,Hot-WireDetonator.

TABLEV

EFFECTOF PETNTRANSITION-ZONEPRESSINGMODE ON
ER-345BOOSTER-PELLETDENTDIMENSIONS

DentDimensions
Diam/Depth Vol

Mode of Pressing (cm) (cm3)

A 1.3 0.2 0.3
B 1.4 0.2 0.3
c 1.5 0.2 0.4
D 1.5 0.2 0.4

PressingMode A: One PETNpressing
PressingMode B: Two separatePETN

40 mg each.
PressingMode C: One PETNpressing

80 mg.
PressingModeD: Two separatePETN

pelletend,40 mg

initiatingPETN. A densitydisconti-
nuity in the middleof the transition
barrel seems to have little or no
effect. As a resultof thesetests,
all barrel-loadingoperationsfollow
pressingMode C (threadedend down).

ER-345PARAMETERSTUDIES

ER-345detonatorswere firedwith
five different transition-barrel
lengths and three column diameters.
The PETN (S = 3 650 cm2/g) loading-
densityrangewas 1.0-1.4g/cm3. The
data are shown in Table VI. Only the

6

fromdonorend,80 mg.
pressingsfromdonorend,

frombooster-pelletend,

pressingsfrombooster-
each.

results from barrels with a 2.5-mm
bore are completeenough to analyze.
These data indicatethat the 50%-fire
and all-firelengthsare near 7 and 9
mm> respectively,in this loading-
density range. The few experiments
with smaller transition-explosive
diameters do not indicate that a
significantlyshorter charge length
can be used. Five-millimeter-long
assemblies still fail most of the
time. An increasein chargediameter
may be helpful;however,3/4 of the
5-mm-longdetonatorsat a low loading
density functionedproperly with a



bore diameterof 3.8 mm. Experiments 9-mm-longtransitionbarrels)was with
with PETN S values as high as 28 000 the larger-particleexplosiveloaded
cm2/g indicatedbest performance(with to the lowestdensity.

TABLEVI

EFFECTOF TRA.NSITION-BARRELDIAMETER,LENGTH,AND PETNDENSITYON
FIRINGPERFORMANCEOF ER-345DETONATORS

Diameter= 2.0 mm Diameter= 2.5 mm Diameter= 3.8 mm

PETN: S=3650 cm2/g

Density
(g/cm3)

1.0
1.2
1.3
1.4

1.0
1.2
1.3
1.4

1.0
1.2
1.3
1.4

1.0
1.2
1.3
1.4

1.0
1.2
1.3
1.4

F
--
1/3
.-
--

--
4/4
--
--

--
3/3
--
--

-.
--
--
--

--
--
--
--

Transition-BarrelLength= 5 mm

Dent Vol. DentVol.
(cm3) F [cm3) F
-- 0/5 -- 3/4
0.3 0/5 -- --
-- 3/4 0.3 --
-- 0/5 -- --

Transition-BarrelLength= 7 mm
-- 5/7 0.3 2/2
0.3 6/10 0.3 --
-- 0/3 -- --
-- 1/5 0.3 --

Transition-BarrelLength= 9 mm
-- 3/3 0.3 2/2
0.3 8/10 0.3 --
-- 3/3 0.3 --
-- 5/5 0.3 --

Transition-BarrelLength= 11 mm
-- -- -- --
-- 5/5 0.3 --
-- -- -- --
-- 5/5 0.3 --

Transition-BarrelLength= 14 mm
-- -- -- --
-- 10/10 0.4 --
-- -- -- --
-- -- -- --

DentVol.
(cm3)

0.3
--
--
--

0.3
--
--
--

0.3
--
--
--

--
--
--
--

--
--
--
--

F = Fractionassembliesachievingdetonation.
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