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BOQOSTER EXPLOSIVE DEVICES WITH EXPLOSIVE ACCESSORY
CHARGES

BACKGROUND OF THE INVENTION
Field Of The Invention

The present invention relates 1o explosives, mare particularly to
explosives generally referred to as booster aor primer explosives intended

primanly for use within bareholes and the like to initiate detonation of a larger
mass of relatively insensitive explosive.

Related Ant
U.S. Patent 4,938,143 issued July 3, 1990 to R.D. Thomas et al and

entitled “Booster Shaped Far High-Efficiency Detonating”, discloses a booster
explosive having an “interface” surface at one end which is configured to
contact a column of a relatively insensitive explosive while being directed
towards the majority of the insensitive explosives content of the column. The
pody portion of the booster has sides which taper to an opposite, second end
thereof which second end has a cross-sectional area which is smaller than the
interface end. While Thomas et al discioses a wide variety of such tapered
shapes and illustrates many in the drawings, the preferred embodiment is
shown In Figure 5 of Thomas et al wherein the booster explosive has
generally the configuration of a frustrum of a right angle cone. The Thomas et
al booster is dispased at or near the bottom of a borehole filled with a mass of
insensitive explosive, typically a plasting agent, with the base facing upwardly
tawards the major portion of explosive within the borehole. Commercially
available embodiments of the Thomas et al invention are known in which a
booster explosive shaped generally similar to that illustrated in F igure 5 of
Thomas et al is encased within a moided synthetic polymeric (piastic)
container. As illustrated in Figure 5 of Thomas et al the
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frusto-conical shaped booster contains three bores formed
therein, one of which comprises a dead-end passageway
(152) within which a blasting cap (154) 1s inserted, an-
other of which passageway (148) extends through the boost-
er explosive for passage therethrough of its signal trans-
mitting cord (156) to the surface. A third passageway
(146) extends along the longitudinal center axis of the
booster explosive and 1is stated to permit threading there-
through of the signal transmission cord of another deton-

ator positioned in the borehole below the lllustrated
booster.

SUMMARY OF THE INVENTION

In accordance with the present invention there 1is
provided a booster explosive device having a longitudinal
axis, an active end, a coupling end longitudinally spaced-
apart from the active end, and an accessory section. The
accessory section may be located between the active and
coupling ends of the device, which further comprises a
housing containing therein an explosive primer charge.
External mounting means are provided on the housing and
are dimensioned and configured to receive thereon an ex-
plosive accessory charge disposed circumferentially about
the device at the accessory section thereof.

In one embodiment of the invention, an accessory
charge, for example, a shaped charge having a concave out-
put surface oriented radially outwardly of the device, 1is
mounted on the external mounting means.

In another embodiment of the invention the primer
charge has a body portion extending longitudinally from
the active end of the device to an intermediate point
thereof, and an optional stem portion extending from said
intermediate point towards the coupling end of the device,
and the external mounting means is dimensioned and con-
figured to locate the accessory section at the body por-
tion of the primer charge.

In a specific embodiment of the invention, the acces-
sory charge is of toroidal configuration and has a longi-
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tudinal axis which is coincident with the longitudinal ax-
is of the housing. Another specific embodiment of the in-
vention provides that the accessory charge is symmetrical
about its longitudinal axis and has a concave outer peri-
pheral surface which is oriented radially outwardly there-
of.

In a preferred embodiment of the invention, the ac-
cessory charge comprises a shaped charge which has a lon-
gitudinal axis, 1is symmetrical about its longitudinal ax-
is, and circumscribes the entire circumference of the
housing. In a more specific embodiment, the shaped charge
has a concave outer surface oriented radially outwardly of
the device and the concave surface is dimensioned and con-
figured to direct the maximum explosive enerqgy output of
the shaped charge along a plane perpendicular to the lon-
gitudinal axis of the device.

Yet another aspect of the present invention provides
for the primer charge to have an active surface which de-
fines the active end of the device and which extends
transversely of the longitudinal axis of the device, and
wherein the accessory charge has an upper surface which
extends radially outwardly of the active surface of the
primer charge. Optionally, the upper surface of the ac-
cessory charge may be parallel to the active surface of
the primer charge.

In accordance with still another aspect of the inven-
tion, the device further includes a slider unit comprising
a detonator retainer carried on a base fixture and dimen-
sioned and configured to receive therein a detonator hav-
ing an output end, the slider unit being mounted on the
device with the detonator retainer received within a de-
tonator well formed in the primer charge. A related as-
pect of the invention provides for further including a
detonator having an output end.and mounted within the de-
tonator retainer, with the output end disposed within the
accessory section of the device. Yet another related as-
pect of the invention provides for the detonator retainer
to be dimensioned and configured to receive therein a de-
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tonator at a plurality of locations relative to the retainer, whereby the output
end of such detonator may be positioned within the accessory section of the
device.

In yet another aspect of the invention, the output end of the detonator
terminates in an output tip and the detonator is so positioned within the device
that a plane passed perpendicularly to the longitudinal axis of the device will
have at least about 50 percent by weight, e.g., from about 50 to 75 percent by
weight, of the primer charge disposed on the side of the plane opposite the
side of the plane on which the detonator is located.

Still another aspect of the present invention provides for the primer

charge to be disposed within a housing which extends from the active end to

the coupling end of the device. The primer charge has a body portion ex-
tending longitudinally from the active end of the device to an intermediate
point thereof between the active end and the coupling end. This structure
provides a void space within the housing between the intermediate point and
the coupling end, and the housing has one or more apertures, e.g., two or
more, which open the void space to exteriorly of the housing.

Further aspects of the invention are as follows:

A booster explosive device having a longitudinal axis, an active end, a
coupling end longitudinally spaced-apart from the active end, and an
accessory section, the device comprising;

a housing;

an explosive primer charge contained within the housing and disposed
at least within the accessory section of the device; and

external mounting means on the housing dimensioned and configured
to receive thereon an explosive accessory charge disposed circumferentially

about the device at the accessory section thereof.
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A booster explosive device having a longitudinal axis an active end, a
coupling end longitudinally spaced-apart from the active end, and an
accessory section, the device comprising:

a housing;

an explosive primer charge contained within the housing and disposed
at least within the accessory section of the device; and

external mounting means on the housing dimensioned and configured
to receive thereon an explosive accessory charge disposed circumferentially
about the device at the accessory section thereof; and

an accessory charge mounted on the external mounting means.

Other aspects of the invention will be apparent from the following

description and the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevation view of a booster explosive device In
accordance with one embodiment of the present invention;

Figure 2 is a longitudinal cross-sectional view of the device of Figure 1;

Figure 2A is an exploded, partial elevation view enlarged relative to
Figures 2 and 7, of approximately that portion of Figure 2 which is enclosed
by the dash-line area A and that portion of Figure 7 which is enclosed by
dash-line area A,

Figure 3 is a perspective view of a generally disc-shaped explosive

accessory charge adapted to be affixed as
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an accessory charge to the exterior of the device of Fig-
ure 1;

Figure 4 is a plan view of the device of Figure 1
with the accessory charge of Figure 3 mounted thereon;

Figure 5 is a perspective view of the device of Fig-
ure 1 with the accessory charge of Figure 3 mounted there-
on;

Figure 6 is a perspective view of a slider unit for
use with the device of Figure 1, showing the base fixture
of the slider unit in an open position;

Figure 7 is a perspective view of a longitudinal
cross section of the device of Figure 1 having the slider
unit of Figure 6 and a delay detonator mounted thereiln,
and a downline extending therethrough;

Figure 7A is a longitudinal cross-sectional view, en-
larged relative to Figure 7, of the detonator 44 shown in
Figure 7;

Figure 7B is a view identical to Figure 7A but of an
instantaneous—-acting detonator useable in the slider unit
of Figure 6;

Figure 8 is a perspective view of a longitudinal
cross section of the device of Figure 5 with the slider
unit of Figure 6 and a detonator mounted therein, and a
downline extending therethrough;

Figure 9 is a view corresponding to Figure 2, but
enlarged relative thereto, of another embodiment of the
booster explosive device of the present invention; and

Figure 10 is a cross-sectional view of a borehole
containing the devices of Figures 7 and 8.

DETAILED DESCRIPTION OF THE INVENTION
AND SPECIFIC EMBODIMENTS THEREOF

Figure 1 shows a booster explosive device 10 having a
longitudinal axis L-L and comprising a hollow housing 12
defining an enclosure within which 1s contained an explo-
sive primer charge 14 (Figqures 2, 7 and 8). primer charge
14 may comprise any suitable explosive, e.g., a mixture of
pentaerythritol tetranitrate ("PETN") and trinitrotoluene
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("TNT") and is normally cast within housing 12. Conse-
quently, housing 12 defines the shape of both the exterior
of device 10 and of primer charge 14 contained therewith-
in, the latter comprising a stem portion 14b (Figures 2, 7
and 8) which, in the illustrated embodiment, i1s of gener-
ally U-shape in cross section (as will be appreciated from
Figure 5), and a main portion 1l4a which is of larger dia-
meter than stem portion 14b and terminates in the outward-
ly flared active end 10a of device 10. Obviously, any
other suitable shape of primer charge 14 may be utilized,
including one in which the stem portion 14b 1s of circular
cross section instead of the illustrated U-shaped cross
section, one in which main portion 14a has a non-flared
configuration, one in which main portion l4a and stem
portion 14b have a constant circular or other cross sec-
tion, etc. Similarly, the outwardly flared active end 1l0a
of device 10 could be formed in a stepped instead of the
smoothly flared configuration shown.

In the illustrated embodiment, booster explosive
device 10 (Figure 1) thus has an active end 10a thereof
which terminates in an active surface 11 (Figures 4, 5, 7
and 8) and is of larger diameter than an opposite, coup-
ling end 10b thereof. Booster device 10 comprises a main
section 10d corresponding to and comprised of main portion
l14a of primer charge 14 and a stem section 10e correspond-
ing to and comprised of stem portion 14b of primer charge
14. Active surface 11 of device 10 extends transversely
of the longitudinal axis L-L thereof and, in the 1illus-
trated embodiment, is substantially flat.

As best seen in Figure 2, a detonator well 16 and a
line well 18 are formed in primer charge 14, usually by
emplacing removable casting fixtures within housing 12 and
pouring molten explosive material into housing 12 around
the removable casting fixtures. For this purpose the lar-
ger diameter end 12a of housing 12 1s temporarily closed
by another fixture during the casting process, after which
the explosive material hardens within housing 12 to pro-
vide primer charge 14. Detonator well 16 terminates in an
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end wall 16a (Figure 2) whereas line well 18 extends en-
tirely through primer charge 14.

Generally, device 10 (Figure 1) 1s configured to have
a 'stem section 10e which, in the illustrated embodiment,
is of smaller diameter than main section 10d and corre-
spondingly provides primer charge 14 thereof with a stem
portion 14b (Figure 2) which is of smaller diameter than a
main portion 14a thereof. Main section 10d of device 10
includes an accessory section 10c which, in the 1illu-
strated embodiment, is of generally constant cross sec-
tion. Accessory section 10c is the section of device 10
which, in certain embodiments of the invention, 1is en-
closed by an explosive accessory charge 20. Detonator
well 16 is dimensioned and configured to extend to within
the accessory section 10c of the device 10 and the line
well 18 is dimensioned and configured to receive therein a
downline comprising a detonating cord, preferably, to also
receive therein a shielding tube for the detonating cord.
The device 10 is apertured to admit passage of such deton-
ating cord therethrough. The line well 18 preferably ex-
tends along the longitudinal axis L-L of the device 10.

The illustrated embodiment of accessory charge 20
(best seen in Figures 3, 5 and 8) is generally of toroidal
shape and comprises an accessory housing 22 which provides
a receptacle, shaped somewhat like a Bundt cake pan, into
which molten explosive is poured and hardens to provide
therein an accessory explosive 24. As best seen in Fig-
ures 3, 4 and 8, accessory housing 22 terminates in a re-
tainer rim 22a which serves to secure the hardened acces-
sory explosive 24 in place within the accessory housing 22
of accessory charge 20.

Referring now to Figure 3, accessory charge 20 is
seen to have a longitudinal axis L’-L’, is symmetrical
thereabout, has an outer peripheral surface 26 which is
concave in cross section as best seen in Figure 8, and an
upper surface 27. Accessory charge 20 further has an in-
ner peripheral surface 28 which defines a central hub
opening 29. When accessory charge 20 is assembled to de-
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vice 10 to provide charge assembly 30, upper surface 27
faces in the direction of active end 10a of device 10.
Upper surface 27 1s seen to extend transversely of the
longitudinal axis L’-L’ of accessory charge 20 and, in the
illustrated embodiment, 1s substantially flat.

As best seen in Figure 1, device 10 has thereon ex-
ternal mounting means comprising exterior screw threads 32
which are dimensioned and configured to be engaged by in-
terior screw threads 34 (Figure 3) formed on the inner
peripheral surface 28 of accessory charge 20. With this
construction, accessory charge 20 is mounted upon device
10 by passing hub opening 29 over coupling end 10b of de-
vice 10 and rotating accessory charge 20 to engage the in-
terior screw threads 34 thereof with the exterior screw
threads 32 of device 10. When fully screwed into place,
accessory charge 20 will encircle device 10 and provide a
charge assembly 30 (Figure 5). Obviously, any other suit-
able means of mounting accessory charge 20 on device 10
may be employed. For example, partial or interrupted
threads (not shown) may be substituted for the continuous
threads 32, 34 i1illustrated so that accessory charge 20 may
be moved axially relative to booster explosive device 10
and secured therethrough by a partial, e.g., one-quarter
or one-third, turn. For another example, detent means and
recesses could be provided, respectively, one on the por-
tion of housing 12 within accessory section 10c of the de-
vice, and the other on the inner peripheral surface 28 of
accessory charge 20. Thus, the inner peripheral surface
28 could be provided with projecting fingers dimensioned
and configured to engage recesses formed in housing 12 in
the vicinity of accessory section 10c of device 10. With
this configuration, accessory charge 20 may be axially
slid over device 10 to engage the projecting fingers. The
latter could be integrally molded with the i1nner peripher-
al surface 28 of accessory charge 20 and have sufficient
resiliency so that they are compressed when accessory
charge 20 is axially moved along accessory section 10c of
device 10, and spring outwardly to engage recesses molded
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in housing 12 in the vicinity of accessory section 10c. In
such case, guide means may be provided on the exterior of
housing 12 and on inner peripheral surface 28 to align the
fingers with the recesses. |

When accessory charge 20 is assembled to device 10,
upper surface 27 thereof 1is seen (Figures 4 and 5) to ex-
tend radially outwardly of the active surface 11 of the
primer charge 14 and concave outer peripheral surface 26
faces radially outwardly. Concave outer peripheral sur-
face 26 could optionally be flat or convex 1n cross-—sec-
tional profile. However, in accordance with a preferred
embodiment of the invention, as illustrated, outer peri-
pheral surface 26 is of concave cross-sectional shape.
This embodiment of outer peripheral surface 26 provides
accessory charge 20 as a shaped charge positioned radially
outwardly of device 10. The concave outer peripheral sur-
face 26 is preferably symmetrical about a plane passed
perpendicularly to the longitudinal axis L’-L’ of acces-
sory charge 20.

The resulting shaped charge configuration of the 1il-
justrated accessory charge 20 provides enhanced explosive
enerqgy output radially outwardly of accessory charge 20
and thereby radially outwardly of the combined charge as-
sembly 30 (Figures 4, 5 and 10). The enhanced energy out-
put radially outwardly of charge assembly 30 1is indicated
by the arrows R in Figure 5. The effectiveness of the
shaped charge provided by the concave shape of the outer

peripheral surface 26 of accessory charge 20 will increase
radial fracturing of the rock or other formations immedi-
ately surrounding the borehole, provided that the diameter
of accessory charge 20 is reasonably close to the diameter
of the borehole. If the borehole diameter 1s much greater
than the diameter of accessory charge 20, then much of the
shaped charge energy will be expended in the surrounding
explosive column, the initiation thereof being thereby as-
sisted, but producing less effect with respect toO radial
fracturing of the surrounding rock or other formation sur-
rounding the borehole. Accordingly, if significant en-
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hancement of radial fracturing of the rock or other forma-
tion surrounding the borehole is desired, the diameter of
accessory charge 20 should be close to the diameter of the
borehole in which it is utilized.

Accessory charge 20 also enhances the energy output
emanating from active surface 11 of device 10 by the ener-
gy emanating from upper surface 27 of accessory charge 20.
The energy emanating from the direction of active surface
11 is indicated by the arrow E in Figure 5 and that from
the upper surface 27 of accessory 20 by the arrows E’ in
Figure 5.

Another advantage provided by accessory charge 20 is
that it increases the diameter of the booster explosives
as compared to that which would be attained by use of the
device 10 alone. That is, the diameter of assembly 30 is
significantly greater than that of device 10. This is
particularly useful in the case of a borehole whose dia-
meter 1s significantly greater than that of device 10. In
such cases, utilization of the charge assembly 30 better
matches the effective explosive diameter of the booster
explosives to that of the borehole. This is desirable be-
cause the pressure pulse generated within the borehole by
detonation of the device will, 1f the diameter of the
booster explosives is closely matched to the diameter of
the borehole, provide a planar or nearly planar wave
throughout the entire diameter of the borehole. On the
other hand, if the diameter of the booster explosive,
e.g., of explosive booster device 10, is small compared to
the diameter of the borehole, the pressure pulse generated
will have a spike at the location of the device 10 and be
lower and flatter elsewhere in the cross section of the
borehole. Utilization of accessory charge 20 thereby pro-
vides for a given device 10 the option of converting it to
a second, larger diameter charge assembly 30.

Referring now to Figure 6 there is shown a slider
unit 36 comprising a detonator retainer 38 and a shielding
tube 42 carried on a base fixture 40 which, in the illu-
strated embodiment, 1s comprised of a base chamber 40a and
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a hinged cover 40b which is shown in Figure 6 in the open position. Shielding
tube 42 has a tube bore 42a extending entirely therethrough.

5 Detonator retainer 38 is seen to comprise a tube-like structure having a
longitudinally extending slot 38a formed therein and otherwise dimensioned
and configured to slidably receive therein a detonator 44 (Figure 7A) having
an output end 44a. Detonator 44 is inserted, output end 44a thereof first, into
detonator retainer 38 in the direction indicated by arrow | in Figure ©.

10 Detonator retainer 38 is dimensioned and configured so that detonators of
different size may be positioned therein with, in each case, the output end
thereof positioned in close proximity to, or abutting contact with, the end wall
16a of detonator well 16.

Within base chamber 40a there is formed line retaining means 60

15 which, as described in detail in co-pending Canadian patent application Serial
Number 2,242,247 cooperates with complementary line retaining means 60a
formed in hinged cover 40b, to maintain short lead 52 in signal transfer
communication with a downline 62, when hinged cover 40b is closed about
hinge 40c. Hinged cover 40b has an aperture 40d formed therein through

20 which downline 62 is threaded when hinged cover 40b is in its closed position.
Hinged cover 40b is closed by pivoting it about hinge 40c and is retained in its
closed position by the engagement of a pair of slots and corresponding
protruding lips formed in base fixture 40. Figure 6 shows a protrusion 41
formed at the end of hinged cover 40b which is opposite hinge 40c and a

25 corresponding recess 43 formed at the end of base chamber 40a which is
opposite hinge 40c. A pair of slots, only one of which, 40f, is visible in Figure
6. are formed one on each opposite side of protrusion 41 and these engage
with protruding ridges or lips (not visible in Figure 6 or elsewhere in the
drawings) formed one on each respective
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side of recess 43. When hinged cover 40b is closed by rotating it about hinge
40c, protrusion 41 fits within recess 43 and the slots (slot 40f and its
counterpart) engage the protruding lips formed on either side of recess 43 to
lock hinged cover 40b in place.

While a detonator having a conventional single line input lead could be
emplaced in the slider unit 36 of Figure 6 for use in conjunction with the
explosive booster device of the present invention, it is preferred to employ a
detonator having a multiple line input lead, preferably, a looped multiple line
input lead, as disclosed in co-pending Canadian patent application Serial
Number 2,242,237. Aside from the preferred multiple line input lead, the
detonator may be of conventional construction and may comprise either a
delay detonator (usually) or an instantaneous-acting detonator (rarely).

Referring now to Figure 7A, a delay detonator is generally indicated at
44 and comprises an elongate tubular casing or shell 46 made of a suitable
plastic or metal, such as a semi-conductive plastic material or, as in the
illustrated embodiment, a metal such as aluminum or copper. Shell 46 has a
closed end 46a defining the end of the output section 45b and an opposite,
open end 46b at the entry to thé iﬁput section 45a. The closed end 46a is
closed by shell 46 which is configured as a continuous wall at closed end 46a.
The open end 46b is open to provide access of components to the interior of
shell 46 and is eventually sealed by bushing 50 and bushing crimp 48.
Bushing 50 is for this purpose usually made of a resilient material such as a
suitable rubber or other elastomeric polymer. In the illustrated embodiment, a
looped input lead 47 has a bight portion 47a from which extend two signal
transmission lines 47b, 47¢ each terminating in a respective signal-emitting
end 47d, 47e. Looped input lead 47 is secured within shell 46 with signal-
emitting ends 47d, 47e received within a static electric isolation cup
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53 which, as is well-known in the art, serves to divert
any static electric charge which builds up in looped input
lead 47 to shell 46, thereby preventing accidental deton-
ation of detonator 46 by a static electricity discharge.

A pyrotechnic delay train 56 1s disposed within shell
46 and is comprised of a sealer member 56a and a delay
member 56b and a detonator output charge 58 in turn com-
prised of primary and secondary charges 58a, 58b, all con-
nected in series and terminating at the closed end 46a of
shell 46. Pyrotechnic delay train 56 comprises tubes of a
readily deformable soft metal, such as lead or modern pew-
ter, which contain a core of a suitable pyrotechnic compo-
sition. A second crimp 49 is formed in shell 46 to retain
pyrotechnic train 56 in place therewithin. Primary explo-
sive charge 58a may comprise any suitable primary explo-
sive, e.g., lead azide or DDNP (diazodinitrophenol), and
secondary explosive charge 58b may comprise any suitable
secondary explosive, e.g., PETN.

As those skilled in the art will appreclate, sealer
member 55a and delay member 55b may be eliminated to
provide an instantaneous—acting detonator such as that
illustrated in Figure 7B and described below.

Delay detonators supplied with electronic delay ele-
ments in lieu of the pyrotechnic delay train 56 may also
be employed. Such electronic delay elements (not shown)
may be used in conjunction with any suitable type of input
lead, for example, looped input lead 47 made of shock tube
or deflagrating tube, which is used to transmit a non-
electric, e.g., an impulse signal (which may be amplified
or generated by a small amplifier explosive charge, not
shown, located within the detonator shell) to generate an
electrical signal by imposing the (optionally amplified)
impulse signal upon a piezoelectric generator within the
shell. The resulting electrical signal 1s transmitted to
an electronic circuit, positioned where delay train 56 of
the Figure 7A embodiment is positioned. The electronic
circuit includes a counter to provide a timed delay after
which a capacitor circuit is triggered to i1initiate the
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output explosive charge. Such eiactronic delay elements and detonators
including the same are disclosed and claimed i U.S. Patent 5,377,592,
5 "Impulse Delay Umt”, issued on January 3, 1995 10 K.A. Rode et al, and U.S.

Fatent 5,435,248, "Extended Rangs Digital Delay Detonator”, issued on July
25, 1995 t0 R.G. Pallanck et al. Accordingly, delay detonators may have
either a pyrotechnic or an electronic delay element as the immediate target of
the signal emitted from the signal-emitting ends 47d, 47e of signal

10  transmission lines 47a, 470.

The embodiment of Figure 7B illustrates an instantaneous-acting
detonator 144 which, as 1s well-known in the art, may be attained by simply
omitting the delay train 56 from the construction illustrated in Figure 7A so that
the signal emitted from the signal-emitting ends of the input lead and through

15 isolation cup 53 impinge directly on the datonator explosive charge 58. Shell
146 of detapator 144 consequently is shorter in length than shell 46 of the
Figure 7A embodiment. In the empodiment of Figure 7B, detonator 144
includes a muiti-line input lead 52 comprising suijtabie signal transmission
lines such as a pair of short lengths of sho¢k tube comprising signal

20  transmission lines 52a, 52b which are closed at their distal ends by seals 54.
The signal transmission lines 52a, 52b pass through bushing 50 and
terminate at respective signal transmitting ends 52c¢, 52d thereof within shell
146 adjacent to a static electric jsolation cup 53. Except as noted above, the
other components of instantaneous-acting detonator 144 are identical to those

25 of delay detonator 44 of Figure 7A, are numbpered identically thereto and
therefore are not further described with respect to their structure.

A signal induced in looped input lead 47 of Figure 7A or in multi-line
lead 52 of Figure 7B by any suitable means such as a detonating cord, will
pass through isolation cup 53 to initiate either dejay train 56 and then output

30 explosive charge 58 (Figure 7A) or output '
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explosive charge 58 directly (Figure 7B).

In order to assemble booster explosive device 10,
hinged cover 40b is opened and a sulitable detonator 44 (or
144) is inserted through base chamber 40a and into deton-
ator retainer 38, output end 44a first, and axially moved
through retainer 38 until the detonator 44 is properly
positioned therein as illustrated in Figure 7. Detonator
retainer 38 contains on the interior thereof stop means
(not shown) dimensioned and configured to engage crimp 48
(or some other feature such as crimp 49) to properly posi-
tion the detonator 44 or 144 within detonator retainer 38.
With detonator 44 or 144 so positioned, upon insertion of
slider unit 36 (having detonator 44 or 144 retained there-
in) within device 10, the output tip 44b of detonator 44
is properly positioned immediately adjacent to or in abut-
ting contact with end wall 1l6a (Figure 2) of detonator
well 16. After detonator 44 or 144 is thus properly 1in-
serted within detonator retainer 38, looped input lead 47
of detonator 44 (Figure 7A) or multi-line input lead 52 of
detonator 144 (Figure 7B) is engaged with line-retalning
means 60 and hinged cover 40b is closed to retain the en-
gaged input lead 47 or 52 in place. Slider unit 36 1is
then inserted within device 10 by aligning shielding tube
42 with line well 18 and detonator 44 in detonator retain-
er 38 with detonator well 16. The assembly of the deton-
ator within slider unit 36 is normally carried out by fac-
tory assembly, so that in the field the user need not be
concerned about properly seating the detonator and its
input lead within slider unit 36, but need merely insert
the pre-assembled slider unit/detonator assembly into the
booster device 10.

As shown in Figure 24, base fixture 40 has base en-
gagement means comprising, in the illustrated embodiment,
projections 40e formed about the periphery thereocf. Coup-
ling end 10b of device 10 is comprised of an extension end
12b which has housing engagement means comprising, in the
illustrated embodiment, recesses 1l2c¢c formed thereon. Pro-
jections 40e of base fixture 40 are dimensioned and con-
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figured to be snap-inserted into, and engage with recesses 12c¢ of, housing
12, so that slider unit 36 will positively engage and lock to housing 12 with
shielding tube 42 received within line well 18 and detonator 44 and its deton-
ator retainer 38 received within detonator well 16.

In order to connect the assembled device as part of a blasting system,
a downline 62, which may comprise any suitable brisant signal transmission
line, such as a detonating cord, for example, a low energy detonating cord
containing therein from about 1.2 to 1.7 grams per meter (6 to 8 grains per
foot) of a suitable high explosive such as PETN, HMX, RDX or plastic bonded
explosive (“PBX") is threaded through tube bore 42a (Figure 6) of shielding
tube 42 from active surface 11 of device 10 (Figures 7 and 8) and passed
through base fixture 40 via aperture 40d in signal transfer engagement with
input lead 52. Input lead 47 or 52 is retained in such engagement by its
engagement thereof with line-retaining means 60 and complementary line-
retaining means 60a. The insertion of slider unit 36 with detonator 44 thereon
as described above prepares device 10 by placing it in condition to be initiated
by downline 62 via input lead 47 or 52. Shielding tube bore 42a (Figure 6) is
preferably larger in diameter than aperture 40d in base fixture 40, and bore
42a preferably tapers down to the diameter of aperture 40d to facilitate
threading a detonating cord through the slider device. Further, it is preferred
that the detonating cord have an oval cross-sectional configuration having a
major flattened peripheral arc that extends along the major axis of the oval.

The input lead for the detonator preferably bears against the major flattened

~ peripheral arc of the detonating cord. Even more preferably, the input lead

may also have a major flattened peripheral arc for increased sensitivity and
the major flattened peripheral arc of the input lead is in contact with the
detonating cord. Preferred configurations for contact between the input lead

and the‘detonating cord are described in co-pending Canadian application
Serial Number 2,242,247
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As is well-known to those skilled in the art, device 10 may slide along
downline 62 to a selected depth within a borehole or other formation within
which device 10 is to be utilized, as described in more detail below. it will
further be appreciated by those skilled in the art that conventional single input
lead line detonators may also be employed in accordance with the present
invention. However, multi-line input leads, and particularly the looped input
lead illustrated in Figure 7A hereof, are preferred because they provide
redundant signal inputs to the detonator thereby drastically reducing if not
eliminating altogether initiation failures. The multi-line input leads provide
multiple contact points and better contact between downline 62 and the input
leads 47 or 52 while nonetheless permitting good sliding contact between
downline 62 and the input leads. The multi-line input lead construction is
described in. co-pending Canadian patent application Serial Number
2,242,347 .

In order to provide a charge assembly such as charge assembly 30
Hlustrated in Figures 4, 5 and 8, one simply adds to the assembly of slider unit
36 and detonator 44 within device 10 attained as described above, accessory
charge 20. This is attained by mounting accessory charge 20 on device 10 as
described above by engaging interior screw threads 34 of accessory charge
20 with the exterior screw threads 32 of device 10. Charge assembly 30 may
then be threaded upon a suitable downline 62 in the same manner as device
10.

It will be noted that whether or not accessory charge 20 is mounted
upon device 10, downline 62 extends through the geometric center of device
10 and of charge assembly 30, i.e., downline 62 is coincident with the
longitudinal axis of both device 10 and charge assembly 30. This fa-
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cilitates smooth sliding of either device 10 or charge as-
sembly 30 along downline 62 until the desired location 1s
reached.

The provision of accessory charge 20 supplements the
total energy output attainable to initiate a main blasting
charge by combining energy output E (Figure 5) of primer
charge 14 with energy output E’ of accessory charge 20.
Further, by providing accessory charge 20 with the config-
uration of a shaped charge as illustrated in the Figures,
enhanced radial output energy as indicated by the arrows R
in Figure 5 is also attained. Both features provide sig-
nificant advantages. As is known in the art, main blast-
ing charges, that is, blasting agents, such as (Figure 10)
first blasting charge 64 and second blasting charge 66
contained within a borehole 68 are initiated by booster
charges located at or very close to the bottoms of the re-
spective high blasting charges. Accordingly, it 1s de-
sired to direct the maximum amount of enerqgy from initia-
tion of the booster charge upwardly into the main mass of
the blasting charge within which the booster charge 1s lo-
cated.

In order to prepare the borehole 68, a suitable down-
line 62, such as a low energy detonating cord, 1s threaded
through a booster charge assembly 30 (having a detonator
suitably mounted therein) and is knotted (as indicated at
62’ in Figure 10) to retain charge assembly 30 thereon.
Charge assembly 30 is then lowered to the bottom of bore-
hole 68 by means of downline 62 while maintaining one end
of downline 62 at the surface S. First blasting charge 64
is then poured 1into borehole 68 followed by a stemming ma-
terial such as gravel to provide intermediate stemming
section 70. The blasting charges 64 and 66 may be any
suitable explosive or blasting agent such as an ammonlium
nitrate-fuel oil ("ANFO") composition. At that point a
device 10 having a detonator suitably mounted therein 1is
threaded onto downline 62, which comprises detonating
cord, and is lowered into borehole 68 by sliding by grav-
ity along downline 62 until it encounters the top of in-



CA 02242159 1998-07-03

WO 97/25585 PCT/US97/00377

10

15

20

25

30

35

-19~-

termediate stemming section 70. Second blasting charge 66
is then poured into borehole 68 and material to provide
top stemming charge 72 is added thereover. The portion of
downline 62 left on the surface is connected into a suit-
able blast initiation set-up which usually includes inter-
connection to explosive in numerous other boreholes. Aas
is well-known to those skilled in the art, a borehole may
contain only one booster charge or may contain two or more
booster charges arranged at different levels in the bore-
hole.

The arrangement shown in Figure 10 provides a charge
assembly 30 at the bottom of borehole 68 and will enhance
the energy output radially as indicated by the arrows R.
As is well-known to those skilled in the art, boreholes
such as boreholes 68 are usually arranged in rank and file
array and the enhanced radial output R will help to pro-
vide a more even bottom surface of the trench formed by
detonating a plurality of boreholes 68. Further, acces-
sory charge 20 of charge assembly 30 will also supplement
the energy E directed upwardly into the column of first
blasting charge 64 with the additional energy E’ emanating
from accessory charge 20.

In use, downline 62 is initiated at the surface S by
any suitable means (not shown) and the resulting signal
travels through downline 62 to initiate a signal 1n the
input lead 52 of each of the armed devices 10 and charge
assemblies 30. The speed of travel of the signal through
the detonating cord downline 62 is so high that each input
lead 52 of the devices 10 and charge assemblies 30 may be
considered to be initiated substantially simultaneously.
The signal initiated in the input lead 47 initiates the
respective delay trains 56 i1n the detonators 44 and after
the resulting delay period, e.g., from 50 to 1000 milli-
seconds or more, the respective detonator explosive
charges 58 are initiated, which initiates their associated
devices 10 and/or charge assemblies 30, which in turn ini-
tiate their associated main blasting charges 64, 66. As
those skilled in the art will appreciate, the delay peri-
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ods of the respective detonators 44 will be selected so
that in a given borehole the charge assemblies 30 and/or
devices 10 will be initiated in sequence delay starting
from the bottom of a borehole to the top therecf. 1In some
few cases, it may be desired to utilize for one or more of
the booster charges in a borehole an instantaneous-acting
detonator such as detonator 144 of Figure 7B. However,
normally delay detonators are utilized in boreholes for
reasons well-known to those skilled in the art.

Shielding tube 42 is thick enough to protect primer
charges 14 from being initiated or cracked by the explo-
sive force of the detonating cord comprising downline 62.
If downline 62 were to directly initiate the primer charge
14 the timing sequence provided by delay trains 56 would
be superseded with resulting dire consequences for the ef-
fectiveness of the blast pattern. If downline 62 shatters
or cracks primer charge 14, the reliability of initiation
by detonators 44 is compromised.

Referring now to Figure 9, there 1s shown an alter-
nate embodiment of the present invention comprising a
booster explosive device 110 having formed therein a de-
tonator well 116 and a line well 118. (Except for the
omission of the equivalent of stem portion 14b of the
Figure 2 embodiment, the Figure 9 embodiment 1s substan-
tially the same as that of the Figure 2 embodiment. Ac-
cordingly, corresponding components are not further de-
scribed and are identically numbered as in Figure 2 except
for the addition of a prefix 1.) In this embodiment, as
in the embodiment of Figure 1, the end wall 1ll6a of deton-
ator well 116 defines a point beyond which output end of
detonator 44, i.e., the closed end 46a of shell 46, does
not extend. One feature of the present invention provides
that the output end of detonator 44 is positioned in close
proximity to or in abutting contact with end walls 16a
(Figure 2) and l1l6a (Figure 9), respectively. A plane P-P
passed perpendicularly to longitudinal axis L-L at end
wall 116a of detonator well 116 divides primer charge 14

into two portions, a portion 114f located between plane
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P-P and active end 110a of device 110, and a second por-
tion ll4g located between plane P-P and coupling end 110b
of device 110. One aspect of the present invention pro-
vides that the amount of primer charge 14 or 114 disposed
on the side of plane P-P opposite the side thereof on
which detonator 44 is located, comprises at least about 50
percent by weight of the total weight of primer charge 14,
preferably from about 50 to 75 percent by weight of the
primer charge 14. This applies both to the embodiment of
Figure 2 and to that of Figure 9, as it is a general as-
pect of the invention. By thus insuring that at least
about 50 percent, preferably from about 50 to 75 percent
by weight of the total weight of primer charge 14 or 114
1s disposed between the output end of detonator 44 and the
active end 10a or 110a of device 10 or 110, enhanced out-
put of enerqy as indicated by the arrows E in Figures 5
and 10 is attained. The 25 to 50 percent by weight of the
total weight of primary charge 14 or 114 disposed in the
side of plane P-P on which the detonator 44 is located,
i.e., below plane P-P as viewed in Figure 9, provides a
reserve which also helps to initiate any blasting agent
which may be positioned below device 110.

It is another feature of the invention that housing
12 is configured so that primer charge 114 of the Figure 9
embodiment may be made smaller than primer charge 14 of
the Figure 1 embodiment and may comprise only a main por-
tion 114a without a stem equivalent to stem portion 14b of
the Figure 2 embodiment. Thus, in casting the explosive
to form the primer charge 114 of the Figure 9 embodiment,
housing 12 is filled only to the plane F-F which is taken
perpendicularly to longitudinal axis L-L at the constric-
tion 124 formed in housing 12. Once the molten charge
hardens to provide main portion 1l1ll4a, the constriction 12d
in cooperation with rim 12e formed at larger diameter end
l2a of housing 12 will retain the solidified main portion
1l14a securely in place. In this embodiment of the inven-
tion, in which the stem portion equivalent to 14b of the
Figure 2 embodiment is omitted, the resulting void space
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surrounding shielding tube 42 after slider unit 36 is 1in-
serted within the device 110 may present a problem in low-
ering the device 110 into boreholes which contain a fluid
such as a liquid, e.g., water, or a slurry explosive. For
this reason, one or more apertures such as apertures 12f
(Figure 9) are formed in the lower portion of housing 12,
that is, in the portion of the housing 12 which in the
Figqure 2 embodiment encloses stem portion 14b of primer
charge 14. Apertures 12f admit such fluid into housing 12
in order to reduce the bouvancy of device 110 and allow it
to sink to the bottom of the fluid-containing borehole or
of the deck of the fluid-containing borehole in which 1t
is located. Preferably, two or more such apertures 12f
are provided in order to facilitate the 1ngress of the
fluid into the lower portion of housing 12 and the escape
of air therefrom in order to sink the device 110 within
the liguid in which it is placed.

A typical explosive weight (i.e., the weight of prim-
er charge 14) for explosive booster devices such as device
10 of Figure 2 or device 110 of Figure 9 is about 8 to 12
ounces of explosive and a typical size is a height of from
about 12.7 to 15.2 centimeters ("cm"), i.e., 5 to 6
inches, a diameter of from about 5.4 to 5.6 cm (2.1 to 2.2
inches) as measured along plane P-P of Figure 9 and a dia-
meter of about 7.0 to 7.2 cm (2.76 to 2.83 inches) at the
active surface 11 or 111. In the illustrated embodiment
of Figure 9, the distance d between the end wall 1lléa of
detonator well 116 and the active surface 111 of primer
charge 14 is preferably about 3.18 cm (1.25 inches). The
same applies to the embodiment of Figure 2 wherein for a
device 10 whose primer charge 14 is 12 ounces in weilght,
the gquantity of éxplosive on the side of plane P-P oppo-
site the side on which detonator 44 is positioned, 1i.e.,
above the end wall 16a, is about 4.7 ounces. This con-
trasts to conventional cylindrical booster devices of uni-
form circular cross section wherein the end wall of the
detonator well is about 1.91 cm (3/4 inch) below the ac-
tive surface (equivalent to 11 in Figure 2) of the booster
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so that only about 2.8 ounces of explosive of a sixteen
ounce prior art booster is above the detonator well end
wall. By having the active end of primer charge 14 (Fig-
ure 2) or 114 (Figure 9) flare outwardly to increase the
diameter of active surface 11 or 111 thereof, and placing
the output tip 44b of detonator 44 a greater distance away
from active surface 11 or 111, the total energy output E
(Figures 5 and 10) for initiating explosives positioned
above the explosive booster device 10 or 110 is increased
relative to prior art designs. Essentially, the relative-
ly greater quantity of primary explosive 14 or 114 located
above the point of initiation at output tip 44b of deton-
ator 44 and the increased area of surface 11 or 111 en-
hances the energy transfer E to the borehole explosive
positioned above the explosive booster device 10 or 110.
In situations where the device 10 (Figure 2) or 110
(Figure 9) is positioned at the bottom of a borehole or
immediately above a non-explosive stemming layer of the
borehole, (e.g., stemming section 70 in Flgure 10) the
downward output of energy from the booster 1s unimportant
because there is no explosive for it to detonate. In such
cases, savings are effectuated by utilizing a device such
as explosive booster device 110 of Figure 9. By eliminat-
ing the quantity of explosive below constriction 12d (at
plane F-F in Figure 9), a savings in the quantity of ex-
plosive required is effectuated. If the device 110 1is po-
sitioned at the bottom of a borehole or immediately atop a
stemming section, no significant loss of operating effi-
ciency is incurred. On the other hand, if the explosive
booster device 1s to be pdsitioned at an intermediate lo-
cation within a column of explosive, e.g., at line I-I in
Figure 10, then an embodiment such as the device 10 of
Figure 2, wherein both a main portion l4a and stem portion
14b of primer charge 14 is provided, 1s desirable and ef-
fective. This is because the downward output of energy
from stem portion 14b will be effective in initiating that
portion of the main blasting charge (64 in Figure 10) po-
sitioned beneath the device 10, which provides good boost-
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er energy in the downhole as well as in the uphole direc-
tions.

while the invention has been described in detail with
respect to specific preferred embodiments thereof, it will
be recognized by those skilled in the art that numerous
variations may be made thereto which variations nonethe-
less comprise substantial equivalents of the preferred em-
bodiments and otherwise lie within the spirit and scope of
the appended claims.
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05.
WHAT IS CLAIMED IS:

1. A booster explosive device having a longitudinal axis, an active end, a
coupling end Iongitudinally' spaced-apart from the active end, and an
accessory section, the device comprising;

a housing;

an explosive primer charge contained within the housing and disposed
at least within the accessory section of the device; and

external mounting means on the housing dimensioned and configured

to receive thereon an explosive accessory charge disposed circumferentially
about the device at the accessory section thereof.

2. A booster explosive device having a longitudinal axis an active end, a

coupling end longitudinally spaced-apart from the active end, and an

accessory section, the device comprising:

a housing;

an explosive primer charge contained within the housing and disposed
at least within the accessory section of the device; and

external mounting means on the housing dimensioned and configured
to receive thereon an explosive accessory charge disposed circumferentially
about the device at the accessory section thereof; and

an accessory charge mounted on the external mounting means.

3. The device of claim 1 wherein the primer charge has a body portion
extending longitudinally from the active end of the device to an intermediate
point thereof, and, optionally, a stem portion extending from said intermediate
point towards the coupling end of the device, and the external mounting

means is dimensioned and configured to locate the accessory section at the
body portion of the primer charge.

4. The device, of claim 3 having an accessory charge mounted on the

external mounting means and disposed at the accessory section of the
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~ device.

5. The device of claim 1 or claim 2 wherein the accessory section is

located between the active end and the coupling end of the device.

6. The device of claim 2 or claim 4 wherein the accessory charge is of

toroidal configuration and has a longitudinal axis which is coincident with the

longitudinal axis of the housing.

7. The device of claim 6 wherein the accessory charge is symmetrical

about its longitudinal axis and has a concave outer peripheral surface which is
oriented radially outwardly thereof.

8. The device of claim 2 or claim 4 wherein the accessory charge

comprises a shaped charge having a concave output surface oriented radially
outwardly of the device.

9. The device of claim 8 wherein the shaped charge has a longitudinal

axis, is symmetrical about its longitudinal axis, and circumscribes the entire
circumference of the gevice.

10. The device of claim 8 wherein the concave surface of the shaped
charge is dimensioned and configured to direct the maximum explosive

energy output of the shaped charge along a plane perpendicular to the
longitudinal axis of the device.

11.  The device of claim 2 or claim 4 wherein the primer charge has an
active surface which defines the active end of the device and extends
transversely of the longitudinal axis of the device, and wherein the accessory

charge has an upper surface which extends radiaily outwardly of the active
surface of the primer charge.
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12.  The device of claim 11 wherein the accessory charge has a concave

outer peripheral surface which is symmetrical about a plane passed
perpendicularly to the longitudinal axis of the accessory charge.

13.  The device of claim 11 wherein the upper surface of the accessory

charge is parallel to the active surface of the primer charge.

14.  The device of claim 1 or claim 2 wherein the primer charge has a body
portion extending longitudinally from the active surface thereof to an
iIntermediate point of the device, the primer charge terminating at said
iIntermediate point and leaving a void space within the housing between said
intermediate point and the coupling end of the device, and that portion of the
housing which encloses the void space has formed therein at least one
aperture which is dimensioned and configured to admit fluid into the housing
from exteriorly thereof to at least partially fill the void space, whereby

buoyancy of the housing in a fluid environment is reduced.

15.  The device of any one of claims 1-4 wherein the primer charge has a
line well formed in and extending entirely therethrough and a detonator well
formed therein, the detonator well being dimensioned and configured to
extend at least into the accessory section of the device, and the line well
being dimensioned and configured to receive therein a detonating cord, and
the device is apertured to admit passage of such detonating cord |

therethrough.

16.  The device of claim 15 wherein the line well extends along the

longitudinal axis of the device.

17.  The device of claim 15 further including a slider unit comprising a
detonator retainer carried on a base fixture and dimensioned and configured
to receive therein a detonator having an output end, the slider unit being

mounted on the device with the detonator retainer received within the
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detonator well.

18. The device of claim 17 further including a detonator having an output
end and mounted within the detonator retainer with the output end disposed

within the accessory section of the device.

19.  The device of claim 18 wherein the output end of the detonator
terminates in an output tip of the detonator and the detonator is so positioned
within the device that a plane passed perpendicularly to the longitudinal axis
of the device will have at least 50 percent by weight of the primer charge

disposed on the side of the plane opposite the side of the plane on which the

detonator is located.

20. The device of claim 19 wherein from about 50 to 75 percent by weight

of the primer charge is disposed on the side of the plane opposite that on
which the detonator is located.

21. The booster explosive of claim 17 wherein the detonator retainer is
dimensioned and configured to receive therein a detonator at a plurality of
axial locations relative to the retainer, whereby the output end of such

detonator may be positioned at a selected longitudinal position of the device.

22. The device of claim 21 further including a detonator having an output
end and mounted within the detonator retainer with the output end disposed
within the accessory section of the device.

23. The device of claim 1 or claim 2 wherein the primer charge is disposed
within a housing which extends from the active end to the coupling end of the
device, the primer charge having a body portion extending longitudinally from
the active end of the device to an intermediate point thereof between the
active end and the coupling end whereby a void space exists within the

housing between the intermediate point and the coupling end, and the
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housing has one or more apertures which open the void space to exteriorly of
the housing.

24.  The device of claim 23 including two or more of the apertures.

25.  The device of claim 2 wherein the primer charge has a body portion
extending longitudinally from the active end of the device to an intermediate
point thereof, and, optionally, a stem portion extending from said intermediate
point towards the coupling end of the device, and the external mounting

means Is dimensioned and configured to locate the accessory section at the
body portion of the primer charge.
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