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’ {5'71 ABSTRACT 

A non-electrically initiated detonator assembly com 
prising a shell containing an impact-sensitive ignition 
composition, and a detonator cord disposed outside 
the shell for detonation to provide, and direct, result 
ing explosive energy into the shell for percussion in 
itiation of the ignition composition. In preferred prac 
tice, the shell is closed by an empty primed ri?e car 
tridge casing and the detonator cord is supported in 
operative relationship with the primer end of the eas 
ing. 
Also provided is an non-electrically initiatable detona 
tor assembly containing the impact-sensitive charge 
and including means for support of the detonator cord 
in the requisite detonating relationship. 

Further provided is a booster unit containing a 
detonator assembly above described; and a pattern 
shooting system containing a plurality of the booster 
assemblies and providing for reduced above-the 
ground trunk line noise, eliminating need heretofore 
for delay means in the down line(s) and providing for 
assembly of a plurality of boosters in each bore hole 
on a single down line, 

11 Claims, 14 Drawing Figures 
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1 
DETONATOR ASSEMBLY, AND BOOSTER AND 

BLASTING SYSTEM CONTAINING SAME 

This invention relates to a non-electrically ?red 
detonator assembly including a combination of detona 
tor cord and impact-sensitive charge as an initiator 
component, and particularly advantageously applied to 
down-line shooting systems. In one aspect, this inven 
tion relates to booster assemblies containing a detona 
tor above described, and providing delayed non-electri 
cal ?ring in a down line system without need for con 
ventional delay means in the down line(s). In another 
aspect, this invention relates to trunk line-down line 
blasting (or shooting) systems containing one or more 
of such boosters and operable at reduced above-the 
ground noise levels and, when desired, with?fewer down 
lines in a bore hole containing a plurality of charges, 
than heretofore. In still another aspect, this invention 
relates to a non-electrically initiatable detonator as 
sembly including means for operatively associating it 
with a detonator cord type initiator therefor. Other 
aspects will be apparent in light of the accompanying 
disclosure and the appended claims. 
As is well known, detonators for explosives generally 

comprise a closed shell containing a base high explo 
sive as the energy source, for detonation of a principal 
explosive charge, together with associated primer and 
initiator compositions. In operation, the ignition charge 
is initiated electrically or non-electrically and the 
remaining detonator components respond in the con 
ventional manner. 

Electrical initiation is susceptible to mis?res by static 
electricity and stray currents, and other forms of elec 
tricity uncontrolled in the shooting environment. Non 
electrical initiation of detonators has eliminated the ac 
cidental ?ring problem inherent in electrical firing and 
has involved initiation of the ignition component by ac 
tion of a detonating fuse in direct contact therewith. In 
such practice, the detonating fuse has been extended 
into the detonator shell into the direct initiating con 
tact. In that practice, water leakage at the shell-fuse in 
terface and/or premature bursting of the shell in 
response to explosive force of detonation of the fuse, 
are often incurred with concomitant failure of the in 
itiation. Further, assembly of such units in the ?eld has 
not been feasible due to the need for insertion of the 
fuse into and through an open end of the shell, thus ex 
posing the components to hand handling and to at 
mospheric moisture; and, precision assembly at the 
shell interface has not been a practical ?eld type opera 
tion. 

Patterned blasting, often also referred to as pat 
terned shooting, involves synchronized ?ring of 
charges in a plurality of spaced bore holes; and in such 
systems involving non-electrical ?ring, the charges are 
initiated by energy delivered from a common above 
the-ground line of detonating fuse, often referred to as 
a “trunk line” from which “down lines" of detonating 
fuse extend to the emplaced charges. In such systems it 
has been necessary to utilize a trunk line of suf?ciently 
high core loading to assure detonation of the down 
lines. That practice has been highly objectionable due 
to the air blast accompanying detonation of the trunk 
line, and hence the inherently high above-the-ground 
noise level. Generally the trunk line core loading is in 
the order of from about 30 to 60 grains per foot (PETN 
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2 
or equivalent). Further, in such trunk line-down line 
systems there has been the need for a separate down 
line for each detonator when a plurality of charges is 
emplaced in a single bore hole. In such operation, when 
more than two down lines are required, the available 
space is limited and the lines often become entangled 
to impair loading, and failure in some instances. 
Further, dependent upon the number of separate down 
lines in the bore hole, and the particular charge to be 
detonated, the total energy generated by detonation of 
the down lines is often sufficient to dead-press the 
charge to make it insensitive to subsequent initiation. 
Any delay means required between ?ring of any two 

charges in a patterned blasting system has necessarily 
been inserted at requisite points in the down lines, 
which practice hasrequired time-consuming handling 
at the shooting site, both from the standpoint of assem 
bling the lines with associated delay means, and the 
susceptibility of the parts to hang-up on the bore walls 
during emplacement, particularly when bore hole 
space is at a premium. 

This invention is concerned with non-electrically in 
itiated detonator assemblies utilizing a detonator fuse, 
or cord, in combination with an impact-sensitive igni 
tion charge, which are readily and reliably assembled in 
the ?eld, are secured from failure ordinarily caused by 
premature bursting of the shell or faulty seal at the 
shell-fuse interface, and percussion initiatable without 
need for conventional impact means, are initiatable, 
when desired, in any suitable plurality by a single down 
line, provide for substantial reduction of above-ground 
noise inherent in conventional trunk line-down line 
systems, provide for blasting without often-incurred 
dead-press of the main explosive charge, and provide 
for delay initiation of a plurality of boosters in a shoot 
ing pattern without the need for conventional delay 
means in the down line(s). The invention is further 
concerned with a delay patterned down line-trunk line 
shooting system without the need for delay means in 
the down lines; and with booster type initiators provid 
ing delayed booster action in a down line system inde 
pendently of down line delay means utilized heretofore. 

In accordance with the invention, a detonator for ex 
plosives of the type comprising a closed shell contain 
ing an ignition composition and associated charges 
responsive to ignition of the ignition composition, is 
provided, in which the ignition composition is impact 
sensitive and is supported in the shell so as to be in» 
itiated in response to force of percussion applied from 
outside said shell to an external surface thereof, and a 
detonator cord is disposed in its entirety outside the 
closed shell interior for detonation to provide, and 
direct, resulting explosive energy as said force of per 
cussion. in some instances, it is advantageous, and in 
others it is required, that the impact-sensitive ignition 
composition be supported in con?nement in the shell 
so as to ?rst be compressed in response to the applied 
percussion force. Generally, the shell is elongated and 
the impact-sensitive ignition composition is supported 
adjacent an interior end wall of the shell so as to be in 
itiated in response to force of percussion applied to the 
external surface of the shell at that end; and the detona 
tor cord is supported adjacent that end of the shell. 

In now preferred practice, the detonator shell is elon 
gated and is closed at one end by a conventional empty 



3,709,149 
3 

primed ri?e cartridge casing with the primer charge (at 
the primer end) facing the closed shell interior, and 
with delay fuse, primer composition and base charge 
components spaced in that order from the primer end 
of the casing. The base charge is detonatable in 
response to detonation of the primer composition 
which in turn is detonatable in response to burning of 
the delay fuse, the latter ignitable, and burning, in 
response to percussion ignition of the primer charge. 
The empty primed ri?e cartridge casing can be either 
rim or center~?red. - 

In one embodiment of preferred practice, including 
the empty primed cartridge casing end closure, the 
detonator cord, preferably of low energy loading, say in 
the order of from 0.1 to 25 grains per foot (PETN or 
equivalent), extends toward the shell and terminates 
substantially coaxially therewith in adjacent, and often 
abutting, relationship with the external primer end sur 
face of the casing closure; and, in another embodiment, 
the detonator cord extends adjacently across the exter 
nal surface of the primer end of the casing. 
Any suitable support for the detonator cord in posi 

tion for detonation to direct the explosive energy as the 
necessary force of percussion can be utilized. In now 
preferred~ practice, including an empty primed car 
tridge casing- end closure, the primer end of the casing 
extends radially from the elongated shell axis beyond 
the confines of the subjacent shell portion and a tubular 
member is secured around the detonator shell, sub 
jacent the radially extending primer end and extends 
coaxially around the primer end, in connecting and 
supporting relationship with suitable means adjacent 
the exterior surface of the primer end for, in turn, sup 
porting the detonator cord in the requisite operating 
position. One form of such tubular support means in 
cludes an open end section of the extended tubular sup 
port member containing, and supporting, one end of 
the detonating cord in substantially abutting relation 
ship with the exterior of the primer end of the casing; 
and another form includes a loop member encom 
passing the primer end of the casing and connecting at 
its ends with the subjacent tubular support member, 
and through which the detonator cord extends laterally 
in supported operative position. In another embodi 
ment of support for the detonator cord, the detonator 
shell is an integral unit including an open end of en 
larged cross section, and the primer end of the casing is 
disposed intermediate the two shell sections with the 
detonator cord supported, at one end, within the ad 
jacent open end of the shell in the above described ad 
jacent relationship with the primer end. 
The invention also provides a non-electrically in 

itiatable detonator assembly, comprising a closed shell 
and an impact-sensitive ignition composition supported 
therein, as above described, and means for supporting a 
detonator cord type initiator, for said assembly, outside 
said closed shell for detonation to provide, and direct, 
resulting explosive energy as the required force of per 
cussion. 
The invention further provides a booster assembly 

containing a detonator assembly above described to 
provide novel delayed pattern shooting, and a pat~ 
terned shooting system containing a plurality of such 
booster assemblies in which there is a marked reduc 
tion in the above-the-ground noise level and in which, 
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4 
when a plurality of charges are con?ned in a single bore 
hole, a single down line can be utilized. 
The invention is further described with reference to 

the drawings in which all like parts are designated by 
like numbers, and of which: ’ 

FIG. 1 is a cross-sectional view of one embodiment 
of detonator assembly of the invention, FIGS. 1A and B 
illustrate means for assembling the detonator assembly 
of FIG. 1, and tubular means external to the shell for 
support of the detonator cord in operative position, 
FIG. 1C is a perspective view of the assembly of FIG. 1, 
'and FIG. 1D is the same as FIG. 1 except that the 
detonator shell is an integral unit inclusive of an open 
end for support of the detonator fuse; 

FIG. 2 is a cross-sectional view illustrating another 
embodiment of detonator assembly of the invention 
and is the same as that of FIG. 1 except that it illus 
trates alternative means for support of the detonator 
cord, FIG. 2A is a perspective view of the assembly of 1 
FIG. 2, and FIG. 2B is an auxiliary view of the detona 
tor cord support member of FIG. 1, including means 
for emplacing it around the detonator shell; 

FIG. 3 is a cross-sectional view of a conventional 
empty primed center-?red ri?e cartridge casing that 
can be utilized in place of the rim-?red casing shown in 
each of FIGS. l-1D, 2 and 2A; 

FIG. 4 is an elevation, in part section, of a now 
preferred booster unit containing a detonator system .of 
the invention, FIG. 4A is a view taken along the line 
A-A of FIG. 4, and FIG. 4B is a perspective view of 
the booster unit of FIG. 4; 

FIG. 5 illustrates a trunk line-down line system of the 
invention including a plurality of booster charge units, 
above referred to, in each bore hole, FIG. A (of FIG. 5) 
showing emplaced booster units containing a detonator 
assembly of FIG. 1, and FIG. B (of FIG. 5) showing em 
placed booster units containing a detonator assembly 
of FIG. 2; and 

FIG. 6 illustrates hook-up of a plurality of bore holes 
of FIGS. 5A and/or 58 in a suitable trunk line-down 
line shooting pattern. 

Referring to FIG. 1, detonator assembly 6 comprises 
percussion initiatable detonator 7 supported in tubular 
support member 8 in operable communication with a 
detonator cord 9, as a source of energy for percussion 
initiation of detonator 7. Detonator 7 comprises closed 
elongated shell 10 containing ignition, delay, primer 
and base charge compositions as further described 
herein. Shell 10 is closed at top end 11 by a conven 
tional rim-?red empty primed ri?e cartridge casing as 
sembly 12 coaxially extending into shell 10 through top 
end 11, open, and casing 12’, end first, with primer end 
13 disposed across top end 1 1 as a closure therefor and 
containing conventional impact-sensitive primer 
charge 14 supported for rim-?ring, in peripheral cavity 
16. Cartridge casing 12’ is disposed in close inter 
ference, watertight ?t with the inner wall of shell 10. 
Primer end 13 adjacent terminating peripheral end 11' 
of shell 10 is adjacent, and generally seated against, 
shell end 11', the latter functioning as an anvil to 
facilitate ignition of charge 14 in response to percus 
sion force for the requisite percussion initiation. Primer 
end 13 extends radially from the axis of shell 10 beyond 
the con?nes of shell 10 to form peripheral lip 17 
protruding beyond the outer side wall of shell 10 for as 
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sociation with tubular support member 8 described 
more fully hereafter. 
High explosive charge 18 is disposed in closed end 19 

of shell 10, opposite primer end 13. Primer composi 
tion 21 in shell 10 is any suitable primer type composi 
tion intermediate high explosive charge 18 and primer 
charge 14, the latter in cavity 16 of primer end 13. 
Delay fuse assembly 22 contains a slow burning com 
position as a delay fuse core 20 supported in lead tube 
23 and is of the type conventionally used as a delay ele 
ment in electric blasting caps. Delay assembly 22 is 
disposed intermediate primer composition 21 and 
primer charge 14. Delay composition 20 is ignitable in 
response to direct contact with ?ame emitted from ig 
nition of primer charge 14 and is spaced from charge 
14 in such ignitable relationship therewith. The primer 
composition of assembly 21 is ignitable (21a) and 
detonatable (210) in response to heat and ?ame 
emitted from burning of delay fuse composition 20 and 
is disposed adjacent delay fuse composition 20 in such 
detonating relationship therewith. High explosive 
charge 18 is detonatable in response to detonation of 
the primer composition of assembly 21 and is disposed 
adjacent assembly 21 in that detonating relationship. 

In preferred practice, and as specifically illustrated, 
primer assembly 21 comprises two diazodinitrophenol 
portions 21a and 21c. Wafer 21a is pressed above, and 
superposed on, elongated capsule 21b, which extends 
within, and substantially coaxially with, shell 10 in clos 
ing or near closing relationship therewith. Capsule 21b 
is open at each end and is superposed on base charge 
18 and contains the second diazodinitrophenol charge 
portion 210 of density lower than that of wafer 211/1. 
Diazodinitrophenol wafer 21a is ignitable in response 
to contact with ?ame from ignition of delay fuse 20 and 
the second charge portion 21c is detonatable in 
response to heat developed by ignition of wafer charge 
21a to thereby in turn cause detonation of base charge 
18. 
When utilizing an empty primed rim-?red or center 

fired ri?e cartridge casing as an end closure for the 
detonator assembly, the ri?e cartridge casing 12' por 
tion can be of any desired length, such as in the order of 
about three-eighths inch. From about 3 to 4 grains of 
the primer charge 14 is generally contained in the cavi 
ty 16 although the amount is variable, dependent upon 
the particular detonator requirements. The detonator 7 
is generally cylindrical, and generally from about 1 to 5 
inches in length by about 0.190 to 0.450 inch in diame 
ter. 

The amount of high explosive 18 in the detonator as 
sembly 7 of FIG. 1 is often greater than that utilized as 
base charge in a conventional No. 6 or 8 blasting cap. 
For example, the amount of PETN, as charge 18 in 
FIG. 1, is generally in the order of from about 0.2 to 2.0 
grams as compared with about 0.4 gram utilized as base 
charge in a conventional No. 8 electric blasting cap. 
The amount of primer composition, e.g., charge 210 
plus 21c, is generally about the same as utilized in a 
conventional No. 8 blasting cap, e.g., from 0.10 to 0.5 
gram. 
The detonator element 7 can be assembled in any 

suitable manner such as by insertion of an empty 
primed rim-?red or center-?red ri?e cartridge casing 
into the open end 11 of a fuse cap of standard design 
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6 
containing the requisite delay, primer and base com 
positions, i.e., which comprises an elongated shell con 
taining a base explosive charge and primer and delay 
compositions superposed thereon and containing an 
empty (open) end portion, adjacent the delay, nor 
mally intended for accepting a detonator fuse. 

Although the detonator 7 of FIG. 1 is illustrated with 
reference to a rim-?red closure assembly 12, any suita 
ble percussion initiating means can be utilized, a par 
ticularly now preferred alternative being a center-?red 
cartridge casing of conventional design shown in FIG. 
3, which is the same as assembly 12 of FIG. 1 except 
that the impact-sensitive ignition composition, i.e., the 
primer charge, is supported in the conventional manner 
at the center of the primer end; and parts of FIG. 3 cor 
responding to those of FIG. '1 are designated by the 
same, but lettered, numbers. 
Any suitable base charge 18 and primer assembly 21 

can be utilized in the detonator of FIG. 1, as for exam 
ple, a base explosive charge 18 such as pentaerythritol 
tetranitrate, pentolite, cyclonite, tetryl, RDX, cyclotol, 
and the like; and a primer composition such as 
diazodinitrophenol, lead azide and mercury fulminate. 
Primer charge 14 components include potassium 
perchlorate, lead styphnate, mercury fulminate, an 
timony sul?de, and lead azide, and mixtures of such 
materials as are well known in the munitions art and 
often utilized as “primer" charge in 0.22 caliber ri?e 
cartridges. Delay fuse compositions 20 of the core or 
wafer type, include those normally utilized in the delay 
blasting cap art including lead oxide/boron, 98/2; red 
lead/boron, 98/2; barium peroxide/tellurium/selenium, 
40/40/20; barium peroxide/selenium, 84/16; barium 
peroxide/tellurium, 60/40; red lead/boron/snow ?oss, 
73/7/20; and barium peroxide/tellurium/seleni 
um/solder powder, 30/30/15/25. The delay fuse com 
position of core or wafer type is generally pressed into 
the shell at say about 5000 psi. 
Low energy detonator cord 9, external in its entirety 

to the closed interior of shell 10, extends into direct 
operative communication at its terminating end 9' with 
the exterior surface 13' of primer end 13 for detonation 
to provide resulting explosive force for percussion im 
pact against primer end wall 13' to responsively ignite 
charge 14in cavity 16. 

In the embodiment shown, detonator cord 9 extends 
toward primer end 13 into direct, and abutting, contact 
with primer end 13 at a central, generally substantially 
coaxial, point thereon and is supported, as it extends 
toward primer end 13, coaxially within tubular support 
member 8, by suitable packing 31, as further illustrated 
herein below. 
Tubular support member 8 is formed from two con 

necting end sections 24 and 26 having different diamet 
ric cross sections. The forward tubular connector sec 
tion 24 has an inside diametric cross section less than 
the outside diametric cross section of primer end 13 
but greater than the outside diametric cross section of 
shell 10; and the rearward end section 26 of member 8 
has a diametric cross section slightly greater than that 
of primer end 13. The two tubular sections 24 and 26 
terminate their adjacent ends in spaced apart planes 
perpendicular to the longitudinal axis of the shell, and 
connect at their adjacent ends by wall portion 25 ex 
tending rearwardly and laterally, from tubular section 
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24 and around primer end 13 to tubular section 26 so 
as to form a seat support for primer end 13 at, and 
beneath lip 17. Alternatively, the adjacent ends of sec 
tions 24 and 26 can terminate in a common plane per 
pendicular to the shell axis with seating of primer end 
13 on the laterally extending, and connecting, shell wall 
portion. 
As illustrated with reference to FIGS. 1A and 1B, 

detonator 7 can be assembled, as described 

hereinabove, and then inserted, base end 19 ?rst, coax 
ially into rearward section 26 of tubular connector 8 
and then with continued insertion through forward tu 
bular section 24 until primer end 13 is seated on wall 
portion 25, as shown with reference to the dotted lines, 
and arrows, of FIG. 1A. A suitable plastic material 31, 
such as neoprene, silicon rubber, natural rubber, or 
polyvinyl chloride, is disposed in tubulaf section 26 of 
connector 8, as shown with reference to FIG. 1B and 
contains axially disposed bore 32, and with detonator 
fuse 9 extending into and through bore 32 into abutting 
relationship with the exterior surface 13' of primer end 
13. Detonator cord 9 is supported in bore 32 by crimps 
27 imposed peripherally about the exterior of tubular 
section 26 with resulting indentation 27' against 
detonator cord 9 to rigidly support cord 9 in the 
requisite, generally abutting, relationship with the 
primer end of the casing closure. 

FIG. 1C is a perspective view of the detonator as 
sembly of FIG. 1 assembled as illustrated with 
reference to FIGS. 1A and 1B. 

FIG. 1D illustrates a detonator assembly of the in 
vention, the same as that of FIG. 1 except that the’ 
detonator shell 10’ comprises closed end section 10" 
along a major portion of its length, and diametrically 
enlarged open end section 26’ in series, and integral, 
therewith, and the primer end 13 of the casing closure 
42 is in closing relationship with the shell 10' adjacent 
the shell side wall portion 25' intermediate, and con 
necting, the two sections 10” and 26’. The detonating 
cord 9, external to the closed interior of shell 10', ex 
tends into open and rearward end 26' and is crimp-sup 
ported therein in the manner described with reference 
to FIGS. 1-1C. The facing, or opposing, peripheral 
ends of shell sections 10” and 26' each terminate in a 
plane substantially perpendicular to the shell axis. In 
the embodiment shown, the two planes are spaced 
apart so that the wall portion 25' extends outwardly 
and around primer end 13 toward open end section 
26’. However, in another embodiment, the terminating 
and opposing peripheral ends of sections 10" and 26’ 
can be in a common plane perpendicular to the shell 
axis, in which event shell wall portion 25’ is disposed at 
substantially a right angle to the side walls of shell sec 
tions 10” and 26'. In each embodiment, the primer end 
13 is generally seated on the connecting shell portion 
25'. 

In the fabrication of the assembly of FIG. 1D, the 
closed shell section 10" is loaded with the required 
delay, primer and base charge compositions and the 
cartridge casing closure member 12 is inserted into 
open end 26’ for seating of primer end 13 as described 
herein with subsequent emplacement of the detonator 
cord 9 in open end 26' supported by the plastic closure 
31. 
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An often preferred connector means for support of 
the detonator cord 9 in operative relationship withthe 
primer charge 14 in the primer end 13 is illustrated 
with reference to FIG. 2. Referring to FIG. 2, connec 
tor assembly 28 comprises tubular member 29 of sub 
stantially the same inside and outside'diametric cross 
section shown with reference to tubular member 24 of 
FIG. 1. Thus, tubular member 29 has an inside diamet 
ric cross section less than that of primer end 13 which is 
disposed radially from the shell axis beyond the con 
fines of shell 10 but has a greater outside diametric 
cross section than that of shell 10, and is disposed coax 
ially with shell 10 about the exterior wall thereof im 
mediately subjacent lip 17 of primer end 13. Loop 33 
extends from the end of tubular member 29 subjacent 
primer end 13 around the lip 17 of primer 13 to con 
nect as an inverted U at the other end, with tubular 
member 29 subjacent primer end 13 so that the loop 33 
connects with tubular member 29 at substantially op 
posite points on the periphery of member 29 to thereby 
encompass primer end 13. Loop 33, as an inverted U, 
faces its interior toward the exterior surface 13’ of 
primer end 13 sufficiently to support detonator cord 9 
laterally across and, as shown, generally in direct con 
tact with the exterior primer end surface 13’ in opera 
tive relationship with primer charge 14 to responsively 
cause percussion initiation of primer charge 14. Other 
embodiments of loop 33 structure can often be ad 
vantageously utilized. Thus, loop member 33 can be 
crimped onto, and around, a subjacent portion of cord 
9; or, it can integrally include a pair of wing type mem 
bers laterally extending therefrom ‘in opposite 
directions along separate length portions of the cord, 
and crimped on to the respective adjacent cord lengths. 
The end loop portions 25" extend around lip 17 im 

mediately subjacent primer end 13 to tubular member 
29 so as to serve as a seat 25" for the primer end 13, 

and they often tend to function as an anvil for the 
requisite percussion initiation. A perspective view of 
the detonator assembly 6’ of FIG. 2 is shown with 
reference to FIG. 2A; and FIG. 2B shows another view 
of the connector assembly 28 of FIGS. 2 and 2A except 
that the tubular member 29 is in open position for 
slipping around the primer end of assembly 7 during 
fabrication of the assembly 6’. Thus, tubular member 
29 is split along a side wall throughout the entire length 
thereof to provide a void strip 30 so as to permit the 
connector assembly 29 to be assembled with detonator 
7. In this manner, void strip 30 permits tube section 29 
to be spread sufficiently openwise for lateral and coaxi 
al insertion of detonator 7 into tubular member 29 with 
primer end 13 seated adjacent tubular member 29 and 
against the loop portion 25" extending around primer 
end 13. In this embodiment, the material from which 
tube member 29 is fabricated is of sufficient elasticity 
to permit tube 29 to recover its shape subsequent to 
emplacement of the detonator 7 therein. 

In the use of a plurality of booster charges in a bore 
hole of a trunk line-down line system, it is generally 
required that the detonations be delayed so as to pro 
vide a suitable time sequence for the plurality of shots. 
Heretofore in such systems in which more than one 
booster connects with the same down line, the delay 
means has necessarily been emplaced in the down line, 
thus increasing the complexity and bulk of the down 
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line portion of the system. However, non-electrically 
fired boosters of the invention contain a detonator as 
sembly, above described, and hence each contains in 
dividual delay means and can accordingly be utilized in 
plurality in a hook-up with a common down line 
without the need for conventional hook-up of separate 
delay means in the down line. 

Booster assemblies of the invention are speci?cally 
illustrated with reference to FIGS. 4-4B. Referring to 
FIG. 4, shell 34 of booster assembly 36, having length l 
and closed at each end, contains booster charge 37, 
e.g., PETN, and well, i.e., tube, 38 extends, closed end 
39 first, through shell side wall 41 into direct contact 
with charge 37. A detonator assembly 6’ of FIG. 2 is 
supported in well member 38, base charge end ?rst, 
with primer end 13 of case'closure 12 adjacent the con 
necting loop portion 25" intermediate loop 33 and tu 
bular support member 29 as described with reference 
to FIG. 2. Detonator assembly 6’ extends into well 38 
so as to position the primer end 13 and connecting loop 
portion 25” adjacent, and outside, well 38 generally 
with the loop portion 25" seated against the adjacent 
and open terminating end of well 38. Detonator cord 9 
extends lengthwise of shell 34, Le, along the length 1, 
through tunnel 42 and loop 33 of detonator 6’ and 
across primer end 13 of the casing closure 12, substan 
tially in direct contact therewith; and hence, upon 
detonation, cord 9 is positioned to direct the resulting 
explosive energy to the primer end 13 as the necessary 
force for percussion initiation of the primer charge 14. 
Tunnel member 42 and detonator cord 9 are supported 
along the length of shell 34 by suitable straps 43. The 
detonator assembly 6’ is supported within well 38 in 
any suitable manner, generally by close friction ?t. The 
booster assembly of FIG. 4 is further illustrated with 
reference to the view A—A of FIG. 4, and is shown in 
perspective view with reference to FIG. 4B. 
The utilization of a plurality of booster assemblies of 

the invention in a bore hole of a trunk line-down line 
system is illustrated with reference to FIG. 5 in which 
loaded bore holes A and B illustrate hook-up of 
boosters with detonator assemblies of FIGS. 1 and 2, 
respectively. Although for purpose of illustration, the 
system of FIG. 5 illustrates both embodiments of 
booster assembly, one or the other embodiment is 
generally used in any given system of bore holes. Also, 
it is to be understood that any suitable number of bore 
holes can be included in the system hook-up. 

Referring to FIG. 5, above-the—ground trunk line 44, 
operatively connected with conventional trunk line in 
itiating means 45, generally an electric blasting cap, is 
of low energy loading, generally of from 0.1 to 25 
grains per foot and extends through each loop 33 of a 
detonator assembly 6' of FIG. 2 disposed at the mouth 
of each bore hole A and B. 

Bore hole A is loaded with suitable explosive 47, 
often ANFO, which is generally subject to dead-press; 
and, a plurality, two in the present instance, of booster 
assemblies of the invention the same as illustrated with 
reference to FIG. 4, except that they are modi?ed to 
accept and contain a detonator assembly of FIG. 1, are 
disposed at spaced apart points in explosive mass 47. 
Each booster in bore hole A is in suitably supported 
direct contact through a separate down line 9 from the 
detonator assembly 6 with the base charge of the 
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10 
detonator assembly 6' at the mouth of the bore hole. 
Upon detonation of trunk line 44, the detonator at the 
mouth of the bore hole A is initiated and, upon detona 
tion ofits base charge, initiates each separate down line 
9 to in turn detonate each booster charge and hence 
complete the shot in the bore hole. 

In bore hole B, each of the plurality of booster as 
semblies is that of FIG. 4 and is hooked up with a com 
mon down line 9 extending through each of the respec 
tive loops 33 from direct contact with the base charge 
end of the detonator assembly 6' at the mouth of the 
bore hole B, for detonation in response to detonation of 
the down line 44 and subsequent detonation of the em 
placed boosters in bore hole B. 
The embodiment of shooting system illustrated with 

reference to bore hole B involving a booster assembly 
containing a detonator of FIG. 2, is preferred because it 
provides for use of a single, and common, down line, 
hence reducing the complexity of the system and 
eliminating need for handling a plurality of down lines, 
thus simplifying the emplacement of the charges and 
operation of the system. However, in all embodiments, 
the hook-up of FIG. 5 provides for independent delay 
means in each booster with elimination of need for 
delay in the down line required heretofore. 

It is an important feature of the invention that, when 
desired, the detonator cord of the detonator assembly 
can be of low energy loading. This is advantageous 
from the standpoint of the marked reduction in above 
the-ground noise level that has been unduly high, in the 
past, in the utilization of trunk lines having normal 
energy loading such as from 30 to 60 grains per foot 
(PETN or equivalent). It is a further feature of the in 
vention that the detonator cord of the detonator ‘as 
sembly is at all times outside the closed interior of the 
detonator shell, and hence does not introduce risk of 
failure normally incurred through faulty seal at the 
cord-shell interface. Further, with the detonator cord 
entirely outside the closed shell interior, there are, par 
ticularly at the lower energy detonator cord 9 loadings, 
no failure possibilities due to bursting of the shell that 
often occur in conventional systems in which the 
detonator cord is led into the shell interior for direct 
contact with the detonator components. In embodi 
ments utilizing higher energy loadings for cord 9, it is 
sometimes advantageous to insert a suitable energy ab 
sorbing disc intermediate the surface 13’ of the primer 
end 13 and the detonator cord 9. 
A hook-up ofa plurality of bore holes A and/or B in a 

shooting pattern, in accordance with the invention, is 
further illustrated with reference to FIG. 6 in which, in 
accordance with preferred practice, all bore holes are 
loaded as speci?cally illustrated with reference to bore 
hole B of FIG. 5 utilizing a plurality of emplaced 
booster assemblies of FIG. 4 in each bore hole. 

It will be evident to those skilled in the art, various 
modi?cations can be made or followed, in light of the 
foregoing disclosure and discussion without departing 
from the spirit or scope of the disclosure or from the 
scope of the claims. 
What I claim and desire to protect by Letters Patent 

is: 

l. A pattern shooting system, comprising a detonator 
cord trunk line having a core loading of from 0.1 to 25 
grains per foot (PETN or equivalent); a non-electri 
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cally fired detonator assembly outside and adjacent 
each bore hole of said pattern; said detonator assembly 
comprising (1) a closed elongated shell including, as 
one end closure therefor, an empty primed ri?e car 
tridge casing extending open end ?rst into said shell 
through one end thereof sufficiently to dispose the 
primer end of said casing adjacent, and across, said 
shell end, (2) a base explosive charge in said shell 
spaced from said primer end, (3) a delay fuse composi 
tion intermediate said primer end and said base charge, 
ignitable in response to ignition of the primer charge in 
said primer end, and spaced from said primer charge, in 
that relationship, (4) a primer composition inter 
mediate said delay fuse and said base charge, detonata 
ble in response to ignition, and concomitant burning, of 
said delay fuse, and spaced in that relationship, and (5) 
said base charge detonatable in response to detonation 
of said primer composition and spaced in that relation 
ship; a loop member supported at each end at opposite 
sides on said shell adjacent said primer end and extend 
ing around, and above, said primer end; said trunk line 
extending through each said loop laterally across the 
primer end of each detonator assembly; a body of main 
explosive charge in each bore hole, and a plurality of 
spaced apart boosters for, and disposed in, each said 
main charge; another said detonator assembly and as 
sociated loop structure extending base charge end ?rst 
into each said booster assembly sufficiently to retain 
said loop outside the booster shell; and a single down 
line detonator cord in each said body of main charge, 
having a core loading of from 0.1 to 25 grains per foot 
(PETN or equivalent) extending to the adjacent 
detonator outside the bore hole, into detonating rela 
tionship therewith and through the loop of each said 
detonator assembly in the body of main charge. 

2. An explosive assembly comprising a mass of main 
explosive charge; a plurality of booster charges and a 
separate delay type detonator for each, spaced apart in 
said main explosive; detonator cord means for initiating 
said detonators, extending in said explosive mass, and 
means for detonating said cord means; each said 
detonator comprising a closed shell containing base 
charge, primer, delay and impact-sensitive ignition 
compositions spaced from each other in that order, and 
operatively responsive to impact-ignition of said igni 

25 

35 

45 

55 

60 

65 

12 
tion composition to detonate said base charge, and 
thereby detonate said booster; and said cord initiating 
means supported outside said shell for detonation to 
provide, and direct, resulting explosive energy to said 
ignition composition for said impact ignition. 

3. In an explosive assembly of claim 2 an elongated 
closed shell containing said base charge, primer, delay 
and impact-ignition compositions spaced from one end 
of the shell in that order, an empty primed ri?e car 
tridge casing extending, open end ?rst, into said shell 
through the opposite end thereof, and the primer end 
of said cartridge casing containing the primer charge 
therein as said impact sensitive composition. 

4. In an explosive assembly of claim 3, said detonator 
cord means having a core loading of from 0.1 to 25 
grains per foot (PETN or equivalent). _ 

5. An explosive assembly of claim 4 wherein said car 
tridge casing is rim-?red. 

6. An explosive assembly of claim 4 wherein said car 
tridge casing is center-?red. _ _ 

7. In an explosive assembly of cla1m 4, said detonator 
cord means extending as a single cord across the primer 
end of at least two of said booster charges. 

8. An explosive assembly of claim 4 containing an 
ammonium nitrate-fuel oil (ANFO) main explosive 
charge. 

9. A pattern shooting system containing a plurality of 
explosive assemblies of claim 3, and a detonating cord 
trunk line spaced from said assemblies but connecting 
in common with each said detonator cord means in 
detonating relationship therewith. 

10. In a pattern shooting system of claim 9, an addi 
tional of said detonators separately connecting with 
each said detonator cord means in detonating relation 
ship therewith; said detonating cord trunk line connect 
ing, in common, with each of said separate additional 
detonators in detonating relationship therewith, and 
said trunk line, and each said detonator cord initiating 
means having a core loading of from 0.1 to 25 grains 
per foot (PETN or equivalent). 

11. In a pattern system of claim 9, each said detona 
tor cord means connecting with said trunk line, having 
a core loading of from 0.1 to 25 grains per foot (PETN 
or equivalent). . 


