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‘ing initiators ‘may fire prematurely. ]
- types of extraneous electricity are frequently un-
- avoidably present in locations where blasting caps

" mines.
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This invention relates to electric blasting
initiators and more particularly to electric blast-
ing initiators of a novel construction such as
will assure greater safety in their practical use.

The two types of electric blasting initiators
commonly used are the commerecial electric blast-
ing cap and the electric squib. The first of these
is employed for the detonation of high explosives

"by means of a pressed detonating charge at the

base of the cap shell, whereas the second type
is used to initiate deflagrating explosives by a
flame. Both forms of initiators are fired by the

passage of an electric current through a pair

of leg wires which are connected inside the shell

by means of a small-diameter bridge wire of high

electrical resistance. The bridge wire becomes

"heated to incandescence on the passage of the

current, thereupon igniting a heat-sensitive
charge in contact with said bridge wire.
‘Electric blasting initiators of the usual types

~function very effectively and without undue haz-
- ard when they are used in locations free from

sources of electricity extraneous to that inten-

" tionally provided in the blasting eircuit. When,
- however, extraneous sources of electricity are

present, there is the danger that the ysual blast-
Various

are intended for use. Such sources may be men-
tioned as lightning, atmospherie static electricity

"such as is generated by dust storms, snow storms,
" escaping steam, moving belts, revolving automo-

bile tires, or such as is likely to be present at high

. altitudes and especially in regions of low hu-

midity. Another source of unwanted electricity

* exists in stray currents, that is, differences in Do~

tential that exist in highly metallic rock forma-
tions, as in ore mines, for example, or in the

“vicinity of electric cables, rails, bipelines, and

ventilating ducts, ang the like, long conductors
of some or all of these types being customary in
There is also the possibility that in-
stances of galvanic action may oceur in the vicin-

" ity of electric blasting initiators which may cause
" a sufficient difference in potential to fire said ini-

tiators.
Various means have been proposed for pre-
venting the premature detonation of electric

_ blasting initiators by extraneous sources of elec-
tricity. These methods have depended on the

provision of discharge paths within the detona-
tor to permit a charge of high voltage to pass
from the leg wire or wires to the detonator shell
wall or to the ground without passing near the
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ignition charge. For example, materials having
high resistance to low voltages and low resistance
to high voltages, such as galena and- Carborun-
dum, have been placed between the leg wires and
the shell wall, or a layer of a suitable resistance
compound, for example, graphite, has been pro-
vided between the bridge plug and a water-proof-
ing plug. Furthermore, provision of a coherer
mass in contact with the leg wires and the shell
wall, for example a plug containing a flaked metal
such as aluminum in a plastic mass of an oil, a
liquefied paraffin wax, or a rubber-like or other
piastic material, has been proposed, the coherer
mass offering substantially complete resistance to
ordinary firing currents but becoming conductive
through coherer action when subjected to high
voltages. The use of a plug of a highly conduc-
tive rubber-like material, for example a rubber-
like material containing a high percentage of
carbon black, as the closing plug of an electric
blasting initiator has also been proposed.

Means such as those cited have been useful in
the prevention of the ignition of electric blasting
caps by high-voltage currents, that is, by such
currents as are produced by lightning and by
static atmospheric electricity, these high-voltage
currents causing spark discharges of high volt-
age and of short duration, and have usually been
adequate to prevent ignition by extraneous elec-
tricity of lower voltages, as in the majority of
stray currents, galvanic currents, and the like,
when such low-voltage electricity has not been
applied to the caps continuously for a sufficient
length of time to cause initiation.

‘When, however, electric blasting initiators pro-
vided with protective means of the prior art have
been used for multiple blasting in series in wet,
conductive earth, particularly in shale, which is
slightly acidic, or, for example, in tunneling and
roadbuilding work, the path of low resistance
which has been provided by these protective
means has been of great disadvantage. When
the resistance of the ground is high, as in ordi-
nary nonconductive earth, the current applied
for the firing of the detonators in series has fol-
lowed the path of least resistance, which, in this
case, is fhe path provided from the source of
current through the lead wires and the bridge
wires of the blasting caps. When, however, the
ground itself is highly conductive, a different
situation obtains; the path of least resistance
is no longer entirely the blasting eircuit: alone,
but also the path from the leg wires of the blast-
ing initiator through the protective means to the
shell wall and through the conductive earth.
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Consequently, when firing current, the amount of
which is limited by the blasting circuit involved,
is applied to electric blasting initiators connected
in series in conductive earth, some of the current
drains away, thereby leaving an inadequate
amount in the circuit. Thus, some of the det-
onators in- the- series- fail tg- fire, resulting in
failure of a portion of the blast.and in the great
hazard of presence in the material around the

blast of unexploded explosive charges and det- -

onators.

An object of the present invention is an electric
blasting initiator which is:substantially free from
susceptibility to initiation by extranecus.sources:

of electricity. A further object is such an initia~ -

tor which at the same time is substantially free
from susceptibility to initiation. by extraneous
sources of electricity and yet can be used for
multiple blasting in series in wet, conductive:
media. A still further object is an electric blast-
- ing initiator which, when connecled in series. in
wet, conductive media, is substantielly free from
susceptibility to initiation by extraneous elec-
tricity and retains the applied firing current with~
in the blasting circuit. A still further object is
an electric blasting initiator which is protected
against initiation. by exiraneous sources of elec-
tricity and against.current leakage when used in
multiple blasting in- series in wet, conductive
media. Additional objects will be disclosed as:
the invention is described more fully hereinafter.
We have found that the foregoing objects are
accomplished when an electric blasting initiatoer
comprising a loaded metal shell is.closed at the
mouth of the shell by a resilient. plug of novel
construction. - The leg wires pass. through said
plug in the usual manner, being held ab a spaced
distance apart thereby. The leg wires extend
bevond. the surface of the plug within the shell,
where their bared ends are connected by a small-
diameter bridge wire, which is surrounded by a
- deflagrating -composition adapted to become ig~
. nited when current passes through said bridge
wire. The leg wires are insulated by a suitable
dielectric material except for the ends. attached
to the bridge wire and a portion of their length
within the lug. The novel resilient plug which
closes the mouth of the shell of the initiator com-

. prises an essentially cylindrical core of a resilient
- material of high conductivity covered over 8t
least its base and cylindrieal portion and, if de-
sired, over the top with & layer -of insulating
material in the cylindrical surface of which is
provided at least one small opening permifting
_electrical contact therethrough of the material
of high conductivity with the shell wall, the-por-
tion of the insulating material over the base.and
eylindrical portion being of resilient material.
With such a design of electric blasting initiator
elements, the initiator will fire when the usual
current is: applied: by means of a blasting ma-
chine or commercial electric eircuit. When,
however, a high-voltage charge of extraneous
electricity, such as a static charge accumulated
by a human operator, is applied, the charge leaks
harmlessly to the shell wall instead of causing a
spark to jump across from one or both of the
terminals, with probable ignition of the static-
sensitive charge. When, on the other hand, cur-
rent is applied to a series of blasting initiators
each provided with a novel resilient plug of the
type described, which are arranged in a blasting
circuit in a wet, conductive medium such as moist
earth, current does not leak out through the shell

wall to the wet, conductive medium such as the
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surrounding ground, but is kept within the proper
path of the blasting circuit. Sufficient current is
thus received by each initiator in the series to
cause its bridge wire to reach a sufficiently high
temperature to initiate the deflagrating composi-
tion surrounding the bridge wire, and all the
initigtors in the: series are fired, -

The invention will be clearly illustrated by
reference to the accompanying drawings.

Tigure 1 shows a sectional view of an electrie
blasting cap containing a resilient plug of the
type deseribed, said section being made along one
edge of the pair of leading wires. Figure 2 repre-
sents a. side elevation of such a plug. Figure 3

- is a longitudinal section made along line A—A’

of the plug illustrated in Figure 2. Figure 4 shows
a cross-section of a plug of the type described
taken along line B—B’ of Figure 3. Figure 5
shows & modification of the plug of Figure 2.
Figure 6 is a longitudinal section made along
line C—C’ of the. plug illustrated in Figure 5.
Figure: 7 is. a further modification of the plugs
of Figure 2 and Figure.5.

In.Figure 1, 1 designates a. substantially cylin-
drical metal cap shell containing a base charge
2 of tetryl compressed to high density. A primer
charge 3 of pressed: lead azide is contained with~
in a.cavity in the base charge, the latter substan-
tially surrounding the primer charge. A loose
charge of an ignition mixture 4. is superposed
on.the primer charge, this ignition mixture con-
sisting of a mixture of boron and red lead. The
previously open end. of the shell is closed by a
composite resilient. plug consisting of two parts,
a cup-shaped. portion 5, and an. insert. 6 there~
for, the plug being molded about the leg wires. 1,
thereby holding the wires in place and at a pre-
determined distance apart. These wires T are
connected to a source of electric current. at the
desired firlng time and are coated with: a suit-
able insulating covering outside the cap shell.
The wires are free from insulation for at least
a portion of their lengths 8 within the insert por-
tion of the plug so that the wire metal is.in elec-
trical contact with the material of the insert,
and the bared ends of the wires extend beyond
the surface of the plug within the shell, where
they are connected by means of a small-diameter,
electrically resistant bridge wire 9. This bridge
wire is surrounded by and. in contact with the
loose ignition charge 4.

In Figure 2, which is a side elevation of a com-
posite resilient plug such as is.shown closing the
mouth of the detonator shell | in Figure 1, the
cup-shaped portion 5 is seen to contain insert,
or core §. Wires T enter the core 6 and emerge
from the cup-shaped. covering portion 5 through
a wedge-shaped extension 10 of the cup-shaped
portion 5. In the open end of the covering por-
tion 5 is.seen one vertical slit 1I. Another such
slit, not seen, is provided on the opposite side of
covering portion 5.

Figure 3 shows a longitudinal section of the
plug illustrated by Figure 2, the section being
made along line A—A’ of Figure 2, that is, close
to slit 11, in order that wires T may be shown.
The plug of Figure 3 is similar to that which
closes the mouth of the detonator shell { in
Figure 1 except that it has not been crimped
into a shell and is formed with a wedge-shaped
extension 10 of cup-shaped portion 5, as illus-
trated in Figure 2. o

Figure 4 shows a cross-section of the composite
resilient plug of Figure 3 made at a point desig-
nated by the line B—B” in Figure 3. The por-

e
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5

tions 8 free from insulation of wires 1 are em-
bedded in the core portion 6 of the plug, which
s surrounded by the covering portion 5 except
for the slits f1.

Figure 5 shows a plug similar to that of Figure
2, except that the top surface of the plug is pro-
vided with a covering {2 of a dielectric material,
in this case, the same material as that of the
cup-shaped covering portion of the plug.

Figure 6 shows a longitudinal section of the
plug illustrated by Figure 5, the section being
made along lines C-C’ of Figure 5. The plug
-of Figure 6 is similar to that of Figure 3, except
for the top covering 12. :

Figure 7 shows a plug similar to that of Figure
5, except that the: openings in the cylindrical
surface are a multiplicity of perforations (3
instead of a pair of slits. :

In the plugs illustrated in Figures 1-7, the core
portion 5 comprises a synthetic rubber compo-
sition. - Natural rubber and synthetic rubber
compositions are almost completely non-con-
ductive of electricity under all circumstances.
“Thus, when, in a detonator plug formed wholly
of an ordinary rubber composition, the resistance
between the leg wires within the plug is meas-
ured in the absence of a bridge wire connecting
the two wires, it is found to be in excess of
100,000 ohms. The core portion & of the plugs
illustrated in Figures 1-4 and 6, on the other

hand, comprises a polymerized chloroprene com-

position of the neoprene type containing 75 parts
by weight of carbon black per 100 parts of neo-
prene. Such a composition has greatly inereased
electrical conductivity; in fact, the resistance
‘amounts to only about 1.4 ohms per cubic centi-
meter,

When the usual firing current is applied to
detonators provided with composite plugs made
in accordance with the foregoing deseription, it
passes through the bridge wire and. effects
ignition. When, however, static charges of the
order of 10,000 volts at 0.0003 microfarad capac-
ity are applied, the conductivity of the resilient
composition of the core portion of the plug is
sufficient to ground the circuit to the shell by
way of the openings If or i3, and no detonation
occurs. Furthermore, when detonators contain-
ing the composite plugs described are connected
in series in wet, conductive earth, leakage of cur-
rent into the earth is prevented by the non-
conductive covering of the plug which almost

[
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completely surrounds the more highly conductive .

core.

A comparison of the performance of resilient, :

rubber-like plugs of the present invention with
resilient plugs of the prior art is given in the fol-
lowing. In these comparisons, the various types
of resilient plugs tested are given the designa-
tions listed below. In these descriptions, where
the term rubber is used, either natural rubber or
a synthetic rubber, for example of the neoprene
type, is meant.

A=the ordinary nonconductive rubber plug
B=a plug made of conductive rubber, i. e. a
polymerized chloroprene composition of the

St
Tt

650

neoprene type containing 75 parts by weight

of carbon black per 100 parts of neoprene.
C=a laminated rubber plug consisting of a cylin-

drical core of conductive rubber (composition

as in B) surrounded by a cylindrical sheath
of nonconductive rubber except for two longi-
tudinal slits in the cylindrical sheath.

D=a plug composed of a cylindrical core of con-

75

6

ductive rubber (composition as in B) and a
covering of nonconductive rubber over base
and cylindrical portion, the covering over the
cylindrical portion being provided with longi~
tudinal slits.

Di=a composite plug like the preceding, pro-
vided, in addition, with a top covering of non- -
conductive rubber. )

E=a “coherer” plug made from a composition
of flaked aluminum and machine oil.

In a test for sensitivity to static, detonators
containing base charges of the same kind and
weight were provided with identical loose ignition
mixtures comprising boron and red lead around
the bridge wire between the leg wires held in
the mouth of the detonator shell by means of
the various plugs tested. A spark current from
a charged condenser was passed simultaneously
through both the leg wires to the grounded metal
shell of the detonators with the bridge wire in
place. The minimum electrical energy in joules
required to fire any one of ten detonators pro-
vided with plugs of the same type was as follows:

TABLE I
Typeof Plug. ... A B (o] D Dy E
Minimum electrical en-
ergy in joules required
to fire detonator_._...___ 0.002  0.06 | 0.002 | 0,12 [ 0.12 | 0.16

It may be seen from the foregoing table that
detonators containing the ordinary non-conduc-
tive rubber plug A and the laminated plug C
may be fired by a minimum of only 0.002 joules of
electrical energy, i. e. they are sensitive rather
than resistant to high-voltage static discharges,
whereas plugs of types B, D, D1 and E require
many times that amount of energy to cause them
to fire.

Those detonators that were not fired by the
minimum amount of electrical energy in the
above test, were subjected to increasing amounts
of electrieal energy until they were either fired

> or the maximum of the condenser used, 0.8

Jjoules, had been reached. At this point, all of
the detonators provided with plugs of types A,
B, and C had fired, whereas two of those provided
with plugs of type D, six of those provided with

- plugs of type D1, and four of those provided with

plugs of type E had still not fired. In accordance
with this extremely severe test, that of the ap-
plication of 0.8 joules of electrical energy, it may
be seen that detonators provided with plugs of
types D, D1, and E are appreciably more static-
resistant than those provided with plugs of types
A, B, and C.

As a further measurement of the safety of
detonators in the presence of high static poten-
tials and in order to subject the detonators to
conditions more severe than those to be expected
as a result of ground currents during a lightning
discharge, a potential of 28,000 volts was applied

~ by means of a Tesla coil to the twisted bared

ends of leg wires of grounded detonators (loaded
as in the preceding tests) for one minute. . In
this test, all of the five detonators closed by nomn-
conductive rubber plugs (type A) under test ﬁred,
but none of the detonators closed by the plugs
of the other types fired when groups of five each
were tested. Thus, plugs of type A are unsafe
in the presence of high static potentials in con-
trast to plugs of the other types.

In order to test the various plugs for resistance
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to stray -currents, an electric.charge of 24.volts
direet -current was applied between -the -two
twisted.leg wires and the shell of detonators. pro-
vided: similarly with a base eharge and with an
ignition bead surrounding the bridge wire, the
detonators being closed by the plugs of the various
types. The time required for: the ignition of :the
detonators was measured. Detonators -closed-by
the conductive rubber:plug B-were ignited in only
40 seconds, whereas the detonators: containing
the plugs of all the other types withstood ignition
by-a charge of 24 volts for more than 2 minutes.
The. conductive plug of type B.was thus inade-
qguate to protect the detonator against low-
voltage stray currents for an appreciable length
of time:

Detonators of like construction except for the
different plugs were tested in series under con-
ditions simulating those obtaining in-wet, con-
ductive earth by firing them in series of ften in
salt water having a resistance of 100 ohms per
foot, the detonators being at least one foot apart.
The minimum direct current applied . for 0.2
second that would fire three separate series of
ten detonators having the same type of plug was
measured. The results of this test are tabulated
below:
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From:the foregoing.table,: it may- be seen:that
the laminated: plug C:was like the ordinary non-
conductive - rubber  plug ‘A in 'its- performanece,

each of the sets of series containing these requir-
ing a ‘mingimum . eurrent of 1.1:amperes. The

series. containing-the conductive rubber plug B,
on- the other-hand, required :a- minimum current
of 1.4 amperes, thus indicating loss of current

by leakage through:the:-conductive: rubber. - The
“coherer” plug E series required over 1.6:amperes,
indicating. even .greater -current :leakage. ~The
series. containing- the: composite plug: D, requir~
ing-a current. of 1,3-amperes, and. the series-con-
taining the composite plug covered: by a fop in-
sulating coating Dj, requiring a-current of: 1.2
amperes, showed greater leakage than the:series
containing the ordinary nonconductive -plug.:A,
but this leakage was less than that of the:series

containing ‘the conductive B-and ‘“coherer” E

plugs. Actual performance tests, -which -are
tabulated below, demonstate the -critical -dif-
ference  between current leakage which -can-be
tolerated and that which cannot in accordance
with the preceding test. In these performance
tests, series. of -36 detonators each of the same
type were fired in 'water by means of a condenser-
discharge blasting machine.

TABLE III
Type of Plug A B o D Dt E
No.. of detonations,=D, and
faflures, = T\, obtained when || 36D oF | 32D 4F | 36D OF | 36D OF | 36D OF
seriesin watergy x;ealfs ofa |{-36D OF fommeeee 36D OF | 36D OF | 36D 0F
condenser-discharge ~ blast- 36D OF |oooooeooos 3D OF | 36D OF | 36D OF
ing machine.
TABLE II It-may be seen from the foregoing table that
detonators closed by plugs of types. A, C, D, and
D; perform satisfactorily when fired in series in
f PIUE - o e m 45 !
Type of Plug A}B ) C|D D) E water, whereas the performance of detonators
Minimam current, in amperes, closed by rglugs of types B and E is unacceptab}e
required to fire 3 separaté because failures occur.
series of 10 detonators each...._ L1 L4|L1[L3} L2|>L6 The tests described in the foregoing. are re-
capitulated in Table IV which follows.
TABLE IV
Results. of comparative tests of eleciric blasting caps sealed with resilient plugs of .various lypes
ot Composite | ‘‘Coberer”
Nonecondue- | Conductive ; : p
Type.of Plug. ..o ..| tive_Rubber ubber Laﬁﬂ?fed Coﬁggszlte ’Il"gggoloigz;&gg Pluiﬁrlfked
Plug Plug of Insulation’| Machine Oil)
A B (s} D Dy E
Static Tests:
(A) Condenser-discharge test (Bridge wire
iurr())unded by a loose B/PbsOq ignition mix-
ure)—
M@nixlnum energy required to fire detonator, | 0.002. . -—eceu] 0.06-ccucen- 0.002- oo 012 .. 012 ... 0.16.
Jouies. .
No: of detonators that could not be fired at the | 0 out of 10.__| 0 out of 10...| 0 out of 10...} 2out of 10.._| 6 out of 10-...| 4 out of 10.
capacity of the condenser (0.8 joules). -
(B) Tesla coil test—
No. of detonators firedwithin 60 sec. at 28,000v.. | Sout-of 5....| Qout of 5.__.| Oout of 5...|-0.cutof 5.__.| G-out of 5. 0outols.
Stray Current Test:
Time required for ignition upon application of 24 | >2min_____ 405seCo- .- >2min_____ >2min. ... >2min..... >2min.
v. D. C.rom leg wire-to shell in air, bead ignition.
Series-Firing Tests:
(A) Minimum D. C. amperage for a currentappli- | 1.1..._.o.... | SR b 1% R 18cianae ) 2% A ——— >1.6.
cation of 0.2 sec, to fire 3 separate series of 10
detonators in series in salt water (resistance 100
(Bo)h§s/ft.% zcalt 1lseastt.l it. a(%a.)rt. d fail F) ob
0. of detonations and. failures. ob-- . .
taixé\ed gvhen 36 dei;onatorg were g;edh in sexii)t;,s 1;1 }ggg 8%"" }32‘0 4F..... gg]]:)) g%‘"" ) ggg gg"" ggg gg"" 134D - 2F
water by means of 5 condenser-discharge blast- |{3¢7y oF =" - e 4 bt At Lot
ing machine. 36D OF.__.. 36D OF....{ 36D - 0F....}'36D OF . |-cooeiiaos

1 Oylindrical, doubly slit sheath of nonconductive rubber around a plug of conductive rubber.
3:Doubly slit'cup of nonconductive rubber filled with conductive rubber:
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9
It may be seen from Table IV that the plugs of
type D and type Di, those made in accordance
with the present invention, are the only ones
which satisfactorily meet the requirements of all
the tests described. Detonators containing them
are resistant to static and to stray currents and
at the same time are capable of being fired in
series in wet, conductive media without causing
failure due to current leakage. Plugs of the
othe types used heretofore cause failures in one
or more of these respects.

The present invention may be used advan-
tageously with all types of electric blasting caps,
whatever their design, whether of the “match
head,” “concave plug,” or “bridge plug” type.
Although it is particularly suitable where fast
caps, free from firing lag, are desired, it is not
limited to such types, but is adaptable for use in
electric squibs, delay electric caps, ete.

One field in which fast caps are particularly
in demand is in that of seismic prospecting,
where the success of the work in locating strata
is largely dependent on accurate time recording
for the measurement of distances. It is impor-
tant that there be little or no measurable time

“interval between the breaking of the bridge wire

and the detonation of the cap. This requires that
a very fast ignition agent be used, and it has been
demonstrated that ignition compounds having 2
negligible induction period . are relatively sus-
ceptible to static electricity. The present inven-
tion, therefore, meets the foregoing need very
satisfactorily in that it provides an arrangement
whereby fast-burning charges can be used with-
out the hazards that might otherwise be present
because of the static sensitivity of these charges.

Such compounds as lead styphnate, copper acetyl-

ide, basic lead picrate, and the like are mate-
rials that may be so characterized. The com-
posite rubber plugs of the present invention may
be applied also in delay electric blasting caps
and be beneficial in providing a high-resistance
shunt whereby arcing may be reduced.

The rubber-like compositions eniployed in car-
rying out the invention may be of various types.
Natural rubber is, of course, well adapted for
use, as are various types of synthetic rubbers,
butyl rubbers, polymerized chloroprene, particu-
larly neoprene compositions, ete. It will be seen,
therefore, that all materials that have the proper-
tles of resiliency to a degree approaching that of
rubber are. applicable. o ‘

Such compositions as are to be used for the core
portion of the composite plug of the invention
will be so formulated that they are characterized
by. conductivities considerably greater than that
of ordinary rubber, though still of a relatively low
order. This conductivity will result from the in-
clusion in the rubber composition of a content of
carbon black in excess of 30 parts by weight to 160
parts of the rubber-like compound. A desirable
content of carbon black will be between 30 and 100
parts, though we do not wish to be limited to this
range. Various types of carbon blacks are ap-
plicable, and we find acetylene black particularly
suitable,

The following data are illustrative of the de-
creased resistivity of rubber-like compositions
with increasing contents of carbon black, ex-
pressed as parts per 100 parts rubber-like ma-
terial. The values are for a polymerized chloro-
prene composition,
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10

Resistivity,

Carbon Black Content ohms/ce.

[ 1012
10. 2X108

9Xx107

3X104
6.4X102
1.4X102
1.4X102

B0 e —— ———

It will be noted that, at a content of 30 parts of
carbon black per 100 parts of the rubber-like
madterial, the conductivity, that is, the reciprocal
of the resistivity, is greatly increased. We in-
tend, therefore, to use a plug-insert material
having a resistivity not greater than 3104 ohms
per cubic centimeter, that is, having a carbon
black content of at least 30 parts by weight per
100 parts of the polymerized chloroprene. De-
sirably such content will be between 30 and 100
parts of carbon black. :

A plurality of openings is provided in thé cylin-~
drical portion of the covering of nonconductive
material in order to permit some slight contact
of the core of conductive material with the shell
wall. These openings may be in the form of slits
or perforations or of any other desired form, so
long as the exposed area is at least about 2% of the
total cylindrical area of the plug surface. Prefer-
ably, the openings should not provide an exposed
area exceeding 20% of the total cylindrical area of
the plug surface. . Greater contact than this of the
conductive portion with the shell wall may allow
current leakage to occur ag in the wholly con-
ductive plug of type B. It is preferable that the
openings be distributed evenly over the surface
of the plug in order to permit several paths of
small area from the bare leg wires to shell wall.
For example, if slits are used, they are desirably
placed on opposite sides of the plug, and if per-
forations are used, they are scattered around the
plug and at several different levels on the plug
surface.

The base of the plug is entirely covered with
nonconductive material in order to protect the
ignition composition, to which the base is in close
proximity and which compositicn may be par-
ticularly sensitive to static, from static discharges.
The utility of the dielectric covering over the base
of the plug may be better understood by refer-
ence to Table IV, where it may be seen that the
laminated plug of type C, which plug lacks a
covering of nonconductive material over the base
of the plug, failed in the condenser-discharge
test. ’

Table IV also shows that the performance of
the composite plug comprising a cylindrical core
covered at the base and on the cylindrical suzr-
face except for the openings may be further im-

" proved by being provided with a top covering of

an insulating material. The static resistance
upon the application of 0.8 joules of electrical
energy is significantly superior for the plug of
type Di, and the current leakage is even less
than when no top covering is provided. Such
a top insulating covering may be formed by a
thin layer of the nonconductive rubber as shown
in Figures 5 and 6. Other coverings may also
be used, such as a coating of a nonconductive
plastic material, for instance, a glyptal resin.
Furthermore, the top covering may be applieq
after the plug has been crimped in the shell,
for example by dipping the loaded shell in a
liquid dielectric material such as a solution of
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shellac-or lacgquer which will dry as a thin coat-
ing over the exposed end of the resilient plug.
Othet types of insulation may also be used for
¢overing theé top suriace of the composite plug.
If desired; a partial covering over the top of the
-plug may also be. used, for example a rim of
dielectric material. Whereas the covering over
base and eylindrical surface is of resilient mate-
rial to allow sealing of the plug in the open-end
of the initiator shell by crimping, the top cover-
ing, when used, need not be of a resilient
material.

The invention has been described adequately in
the foregoing. It will be understood, however,
that many variations may be introduced in de-
tails of design, compositions, types of charges,
and the like without departure from the scope of
the invention.

We intend to be limited only by the following
claims.

We claim:

1. An electric blasting initistor eomprising a
loaded metal shell and a plug closing the mouth
of said shell and holding the leg wires:at a spaced
distance apart, said plug comprising an essen-
tially cylindrieal core of a resilient material of
high conductivity, said core being provided with
a covering of @ resilient material of low condue-
tivity over at least the base and eylindrical
surface of said core except for at least one open=
ing in said covering over said cylindrical surface,
the area of said uncevered poition of said ¢ylin=
drical surface amounting to from 2 to 20% eof
the area of said cylindrical surface, the leg wires
being free from insulation in at least a portion
of their length through said core.

2. ‘An electric blasting initiator combrising a
loaded metal shell and a resilient plug closing
the mouth of said shell and holding the leg wires
at a .spaced distance apart, said resilient plug
comprising an essentially eylindrical core of a
resilient material of high conductivity, said core
being provided with a covering of an insulating
material over its base, cylindrical surface, and
top except for at least two slits in said covering
over said cylindrical surface, said covering of in-
sulating material over the base and the cylin=
drical portion of said eylindrical core being of
resilient nonconductive material, said leg wires
being free from insulation in at least & portion
of their length through said core of resilient ma-=
terial of high conductivity.

3. The electric blasting initiator of claim 2
wherein the resilient material of low conductivity
is natural rubber.

4., The électiie blastihg initiator of claim 2
whereifi the resilient material of low coniductivity
is synthetic rubber.

5. The electrie blasting ihitiator of claim 2
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12
wherein the resilient material of low conductivity
is a polymerized chloroprene composition.

6. The . electric - blasting initiator -of claim 2
wherein the cylindrieal core of material of high
conductivity is a composition of resilient mate-
rial having a content.of at least 30 parts of carbon
black per 100 parts of :said material and an elec-
tric resistivity not greater tham 3: X 10¢ ohms
per cubic centimeter.

Y. The electric blasting initiator of claim 2
wherein the top covering of insulating material
is a coating of shellac.

8. The electric blasting -initiator of claim 2
wherein the top covering ¢f insulating matenal
is a glyptal resin.

9. An electric blasting initiator comprising a
loaded metal shell and a resilient plug closing
the mouth of said shell and holding the leg wires
at a spaced distance apart, said resilient plug
comprising. an essentially cylindrical core of a
resilient material of high conductivity, said -core
being provided with 4 ¢overing .of resilient mate-
rial of low conductivity over the base and the
eylindrical surface thereof with the exception of
at least two  essentially - diametrically opposed
slits in said covering over said cylindrical surface,
said leg wires being free from insulation in at
least a portion of their length through said core
of resilient material: of ‘high conductivity.

10. The electric blasting initiator of claim 9
wherein the resilient material of low conductivity
is natural rubber.

11. The electric blasting initiator of claim 9
wherein the resilient material of low.conductivity
is synthetic rubber,

19. The: electric blasting initiator of claim 9
wherein the resilient material of low conductivity
is & polymerized c¢hloroprene composition.

13. The electric blasting initiator of claim 9
wherein the cylindrical core of material of hizgh
conductivity is a composition of a resilient mate«
rial havihg a content of at least 30 paris of car-
bon black per 100 parts of sald imaterial and
an electrical resistivity not greater than 3 x 104
ohms per cubic centimeter.
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