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‘The present invention relates to safety blast-
ing operations in the winning of coal and to new
and improved blasting assemblies suitable for
the winning of coal where firedamp or coal dust
is prevalent.

Blackpowder cannot be used in fiery or dusty
atmospheres and the usual practices is to employ
the so called permitted explosive compositions,
which, unlike blackpowder, are detonating ex-
plosives and contain flame quenching ingredi-
ents.
proposed blasting devices of the kind embody-
ing a pressure resisting steel container separated
from a perforated discharge head by a. closure
adapted to yield at a predetermined internal gas
pressure produced rapidly but without detona-
tion from a charge of material within the con-
tainer. .. The charge is of such nature thai the
gases emerging through the discharge head into
the borehole after the closure-has yielded and
thereby causing a blasting effect: are unaccom-
panied by flame. The present invention relates
more particularly to blasting assemblies embody-
ing blasting devices. of the kind described.

Two of these devices have come into practical
use; namely the “Cardox” blasting device, in
which the gas producing charge comprises a
heating charge of a composition capable of
strong exothermic decomposition when ignited
and a contiguous charge of liguefied carbon di-
oxide which is gasified by the heating charge
and  quenches the flame from it; and the
“Hydrox” blasting device in which the charge
comprises essentially a solid powder mixture
of sodium nitrite and ammonium chloride, which
when locally heated at atmospheric pressure is
capable of sustaining its own decomposition at a
visible rate with the evolution of nitrogen and
steam. TUnder the rising pressure conditions in
the pressure resisting container the pressure re-
quired to cause the closure to yield is built up in
a fraction of a second and without flame. - Hy-
drox -blasting assemblies and. composifions are
described and. claimed -for: instance in British
Patent Specifications Nos. 431,935 and 461,647.
Other gas producing charges capable of self-
sustained decomposition for use in blasting de-
vices of the aforementioned kind have also been
proposed.

‘Whereas in the case of detonatmg explosives
the gas pressure in the borehole is instanta-
neously developed, in blasting devices of the
aforementioned kind the discharge of the gases
from the container into the horehole takes a sen-
sible time, and the blast obtained has the general
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character of a gentle heaving action that favours
the production of lump coal rather than the pul-
verisation of the material in the neighbourhood
of the borehole. This is an especially atiractive
feature of these blasting devices.

The fact that the compositions employed in
these devices are not explosive is an advantage
from the point of view of handling and storage.
1t is also a cognate advantage that the neces-
sary decomposition can be started without the
use of detonators, and it is usual to employ as
the electrical initiating device an electric powder
fuse. - The electric powder fuse comprises essen-
tially. a paper package containing a charge of
blackpowder in direct ignition relationship  with
an electric fusehead. Terminals are provided on
the pressure resisting container to which the
leading wires from the electric powder fuse with-
in the container and the cables from a battery
or exploder outside the device are attached.

In many cases it would be desirable to arrange
that a plurality of shots laid in a single circuit
in different boreholes should take effect at short
intervals of time one after the other, for instance
so that shots containing.'charges suitable for
cutting, easing and trimming could. all be fired
after a single shot-laying operation and conse-
quently so that the operations of cutting, easing
and trimming could be' carried out without the
delays incidental to the successive laying ex-
perienced when single shot-firing is carried out.

Hitherto, however, it has only been known to
do this in the case of detonating explosives and
in the case of non-detonating cartridges that
cannot be used in fiery or dusty atmospheres;
and it is an object of the invention to provide
means whereby series firing may be carried out
in fiery or dusty atmospheres without the use of
detonating explosives.

The invention consists of an assembly of safety
blasting devices of the kind embodying a pres-
sure resisting steel container separated from a
perforated discharge head by a closure adapted
to yield at a predetermined gas pressure and
a charge of non-detonating material capable of
producing a blasting effect unaccompanied by
flame in which assembly the said.safety blast~
ing devices are electrically. connected to. permit
them .to be fired s1mu1taneously and some at
least of the said charges of non-detonafnng ma-
terial are each in association with a non-deto-
nating delay electric. initiator-of .a predeter-
mined delay time-interval in initiating rela-
tionship with-its associated charge.
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It will be understood that in the assembly of
blasting units arranged to give successive blasts
there need not be a delay fuse element in the
initiator in that unit which is requlred to be the
first to blast, ‘

The non-detonating delay -electric 1n1t1ator
suitably has a delay fuse element interposed be~

tween its primary electric ignition element and :-
its main initiating charge in such manner that -

the delay fuse element must be consumed be-
fore said main initiating charge can be ignifed,
and the term  “non-detonating delay electric
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initiator” will be used hereinafter in that sense.

"The individual delay fuse elements of the non-"

detonating delay electric initiators in the set
employed in the blasting round are varied. in
length and/or composition so as to provide the
desired differing time intervals, which may for
instance range from about 1% second to 5 sec-
onds. -In the case of the “Cardox” blasting de-
vice there may be employed as the non-detonat-
ing -delay electric initiators for instance delay
electric powder fuses, which consist essentially of
thin metal tubes each containing a blackpowder
charge separated from an electric fusehead by a
delay fuse element. The delay electric powder
fuse ‘may be insertéd into the customary heat-
ing charge, advantageously so that it is wholly
surrounded by the heater composition. - For the
first’ shot there may be used an ordinary elec-
trie powder fuse For the “Hydrox” blasting de-
vice it is 1mportant that the main initiating
charges of the non—detonatmg electric initiators
should have an effective bulk heating action so
that the time taken- for the decomposition of the
charge consisting essentially of sodium nitrite
and_ ammonium’ ehloride within the pressure re-
sisting’ ¢ontainer, -once it has begun, will be
negligible in tomparison with-the-shortest of the
delay intervals provided by any of the delay fuse
elements, and for this purpose a blackpowder
charge such as is present as the main initiating
charge in the elecfric: initiators .ordinarily used
for “Hydrox”? which usually amounts to about
- 60. grains may be. suitably modified or replaced
or reinforced. by a more effective heating compo-
sition.- Delay electric powder fuses may be used,
for instance, in conjunction with charges of a
more effective heating composition surrocunding
them. This more effective heating composition
may for instance be one adapted to produce the
requn'ed heatmg effect by chemical reaction be-
tween its own constxtuents alone, or between its
own constituents and the surroundmg charge
of “Hydrox.” In the latter case the said more
effective heating composmon may for example
be based on ammonium perchlorate or potassium
perchlorate. For the first shot an électric powder
fuse without a delay element but having its main
initiating charge similarly modified, replaced or
reinforced may be used. . ‘

The ‘electrical connections may. be made so
that the shots can be. ﬁred in series or in parallel
or in any combmatlon thereof. By means of the
invention bldsting ‘effects not -hitherto attain-
able. with blastmg devices of the aforesald kmd
may be achieved.

The invention will be further understood by
reference to the diagrammatic drawings accorm-
panying the specification whereof Figure 1 rep-
resents an elevation of an undercut rock face
showing a-set of “Hydrox’ blasting devices in a
plurality -of shot holes-connected up in series,
Figure 2 represents a lohgitudinal view mostly
in section of one of the “Hydrox’ blasting de=
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vices in the set, Pigure 3 is a relatively énlarged
longitudinal ' view partly in section of a non=
detonating delay: electric initiator suitable for
use in the “Hydrox” blasting device of Figuré
2, while Figure 4 is a further enlarged vertical
section showing o delay electric fuse forming a
portion of the delay electric initiator of Figure 3.

-In Figure 1, C, D, and E are bore holes in the

- rock ‘B, which is undercut so as to overhang a

‘coal seam B. The firing ends of three “Hydrox”

blasting devices H, H’ and H'’ are seen protrud- ~
.- ing-from’ these ‘boreholes.
'1n1t1at1ng devices of these blasting devices, which.

The non-detonating

" are not: vxslble in ‘the figure, are connected in

20

30

series With a battery P by cables G, G, G”’, and

G’’’ through a firing switch K. The non-detonat-
ing -initiator for the blasting device H com-

prises no delay fuse element, so that this blast-

ing device fires immediately the circuit is com-

pleted, whereas the non-detonating electric. ini-
tiators for the blasting devices H’ and H’’ have
delay ‘fuse elements 1nterpos1ng delays respec-
tively of one second and two seconds from the
time the ecircuit is completed until these blast-
ing devices function, so that the three blasts take
place at one second intervals.

In-Figure 2,
pressure resisting container, 2 is-the discharge
head and 3 the closure disc yieldable at a prede-
termined internal pressure of -several tons per

~ square inch, ‘and 4 is the’ metal firing head. §
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is a conductor insulated from the-metal of the
firing head 4, leadmg from an -external termi-
nal socket 6-to a plug ‘electrode T, both insulated
from the firing head & - 8 is a socket return ter~
minal. 9 is the non-detonating delay electric
initiator, the constructlon of which is seen ‘in
greater -detail ‘in Figure 3, this non-detonating
delay electric initiator bemg ‘in circuit- with the
firing heads ‘G'*’ “and G*: - 8 is & charge ‘of
“Hydrox Powder No. 1 wh1ch ‘fills: the avallable
space inthe' container B

In ‘Figure 3, - IS ‘& paper cyhnder 12 is a
wooden-plug, 13 is a- delay-electric- powder fuse
in greater detall ‘in- Pigure -4- from - which the
bared end of one -of the-leading -wires is -coiled
as 11', enters ‘the recess 4, ‘where it -makes con-
tact with the plug-electrode T seen in Figure 2.
The return leading wire from ‘the delay ‘electric
powder fuse is expanded to-a terminal strip {5
which is led between the plug 2 and the tube it

and  soldered over a ﬁanged ‘copper- ring 18-

crimped ‘around -said ‘plug-and tabe, ‘thereby
forming: a-eonnection to the termingl 8 through
the metal of the firing- ‘head -4 shown-in Figure 2,
when the latter-is serewed home. -17is the main
charge of the initiating' composition and 18 is-a
paper dlsc over Whlch the end. of the wall s
turned

In Flgur , -9’ is a’ tshm metal tube made of
a ‘ductile copper alloy, ‘within: which: s located
a low tension electuc fusehead 20, The- leadmg
wires’ from ‘the- fusehead are ‘insulated with ‘re~
silient tubing -as: shown“at 21 and 21" where they

pass through g perforated plug: 22 alse-of-resilient -

insulating matesial, ‘which: is: cmmped between

them and-the: wall 18, ‘and ‘also-where they pass
through ‘the “perforated: Tead - ‘cup- 23 which is
crimped over the plug 22 and the wall 18;: 24

is ‘a~metal delay- ‘sleeve ‘and 25 is ‘o delay fuse

compos1t1on provxdmg the deslred delay period

in"this’ case of I second ‘compressed’ 'into ‘the
sleeve 24. 26 1s ‘an 1gn1t1ng ‘composition ‘ang

i 21 a charge ‘of :Iobse’ blackpowder, -advantage~
5

ously -amounting -to “ahout--60: ‘grains, 28 is a

{.-is the tubular portion of the
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metal closure disc over which the end of the
wall 19 is turned.

We claim:

1. An assembly of safety blasting devices each
of the kind embodying a pressure resisting steel
container separated from a perforated discharge
head by a closure adapted to yield at a prede-
termined gas pressure and containing g charge
of non-detonating material capable on initiation
of undergoing self-sustained reaction yieldin
gaseous products whose . emergence from said
discharge head produces a blasting effect un-
accompanied by flame, in which assembly the said
safety blasting devices are electrically connected
to permit them to be fired simultaneously and
at least some of said charges of non-detonat-
ing material are each in association with a
non-detonating delay electric initiator compris-
ing a shell, containing therein a main initiating
charge, a primary electric ignition element, and
a delay fuse element positioned for ignition of
said main. initiating charge, said delay fuse
element comprising a second shell containing
therein a sleeved first initiating charge, means
associated with the electric ignition element for
igniting said sleeved first initiating composition,
and a second -initiating composition positioned
for ignition by said first initiating composition,
said main initiating charge being separdted irom
said primary electric ignition element by said
delay fuse element in such manner that the delay
fuse element must be consumed before said main
initiating charge can be ignited, thereby provid-
ing a predetermined delay time interval between
firing and initiating of the main non-detonating
blasting charge.

2. An assembly as claimed in claim 1, wherein
the non-detonating fuse elements form a set
in which the said elements are of varied lengths.

3. An assembly as claimed in claim 1, wherein
the non-detonating fuse elements form a set in
which the said elements are of varied composi-
tions, said compositions having different com-
bustion speeds.

4. An assembly as claimed in claim 1, wherein
the time interval for combustion of said delay
fuse elements ranges from % second to 5 seconds.

5. An assembly as claimed in claim 1, where-
in the charge of non-detonating material capable
* of producing a blasting effect comprises a com-
position capable of strong exothermic decompo-
sition and liquid carbon dioxide.

6. An assembly of safety blasting devices of
the kind embodying a pressure resisting steel
container separated from a perforated discharge
head by a closure adapted to yield at a pre-
determined gas pressure and a charge of solid
powder mixture of sodium nitrite and ammonium
chloride capable of producing a blasting ‘effect
unaccompanied by flame in which assembly the
said safety blasting devices are electrically con-
nected to permit them to be fired simultaneously
and at least some of said charges are used in
association with non-detonating electric initiator
comprising a shell, containing therein g main
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initiating charge, a primary electric ignifion
element, and a delay fuse element positioned
for ignition of said main initiating charge, said
delay fuse element comprising:a second shell
containing therein a sleeved first initiating
charge, means associated with the electric ig-
nition element for igniting said sleeved first
initiating composition, and a second initiating
composition positioned for ignition by said first
initiating . composition, said main initiating
charge being separated from said primary elec-
tric ignition element by said delay fuse element
in such manner that the delay fuse element must
be consumed before said main initiating charge
can be ignited, thereby wproviding a predeter-
mined  delay time interval between firing and
initiation of the main non-detonating blasting
charge.

7. A safety blasting device comprising a pres-
sure resisting steel container separated from a
perforated discharge head by a closure adapted -
to yield at a predetermined gas pressure and con-
taining a charge of non-detonating material
capable on initiating of undergoing self-sustained
reaction yielding gaseous products whose emer-
gence from said discharge head produces a blast-
ing effect unaccompanied by flame and a non-
detonating delay electric initiator in association
with said non-detonating material, said non-
detonating delay electric initiator comprising a
shell, containing therein a main initiating charge,
a primary electric ignition element, and a delay
fuse element. positioned for ignition of said main
initiating charge, said delay fuse element com-
prising a second shell containing therein a sleeved
first initiating charge, means associated with
the electric ignition element for igniting said
sleeved first initiating composition, and a second
initiating composition positioned for ignition by
said first initiating composition, said main initiat~
ing charge being separated from said primary
electric "ignition element by said delay fuse ele-
ment in such manner that the delay fuse element
must be consumed before said main initiating
gharge can be ignited.

- JAMES TAYLOR.
THOMAS THOMSON.

REFERENCES CITED

The following references are of rec'ord in the
file of this patent: :

UNITED STATES PATENTS

Number Name “.Date
663,724 Bryant ... . Dec. 11, 1900
821,883 Du Pont ... _. May 29, 1906

1,570,733 Eschbach _..__._.._ Jan. 26, 1926

1,882,365 Lubelsky o .__.._ QOct. 11, 1932

1,905,863 Harris comee L Apr. 25, 1933

1,950,038 Scott o Mar. 6, 1934

2,046,194 Taylor - e June 30, 1936

2,370,159 Hanley ——— o Feb. 27, 1945

FOREIGN PATENTS

Number Country Date

380,122 Germany —o-—aee--- Sept. 3, 1923




