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3,111,898 
BLASTING CARTRIDGES 

Harry Clark Foster, East Alton, ., assignor, by mesne 
assignments, to Commercial Solvents Corporation, a 
corporation of Maryland 

Filed July 28, 1961, Ser. No. 127,680 
4 Claims. (C. 102-25) 

This invention relates to blasting cartridges and par 
ticularly to automatic compressed gas cartridges and sys 
tems utilizing them for the purpose of blasting coal and 
the like. 
A wide variety of compressed gas blasting cartridges, 

preferably of the automatic valve type, have been em 
ployed particularly in the mining industry to replace ex 
plosive charges. Generally each such cartridge is con 
nected by a high pressure line to a remote gas compres 
sor or other source of compressed gas and the cartridges 
are fired individually when a predetermined gas dis 
charge pressure is attained within the cartridge. Also, 
cartridge-conduit systems have been proposed for con 
necting a number of such compressed gas blasting car 
tridges to one source of supply and discharging the cart 
ridges consecutively. Systems of this type are exempli 
fied by the subject matter of the co-pending application, 
Serial No. 4,348, of Ralph Vincent Wakefield and Harry 
Clark Foster filed July 22, 1960. 
Such systems, although they represent a definite ad 

vance over the conventional manner of gas shooting, pre 
sent a number of inherent problems. In the prior art sys 
tems, which provide some economy in the aggregate 
length of supply line required, all the cartridges must be 
operatively connected in a relatively complex manner; 
this necessarily requires the utilization of a separate safe 
ty or control valve close to the cartridge somewhere in 
the line leading to each of the cartridges. Since the safe 
ty or check valves as well as their corresponding sep 
arate cartridges, are exposed to severe shock, they and 
their connections must be particularly ruggedly construct 
ed to withstand the abusive treatment which is inherent to 
their usage. To further minimize breaking, a short length 
of flexible line has also been tried between each valve and 
cartridge. All of these schemes make the construction 
expensive; nevertheless all too-frequent breakage and 
Sometimes malfunctioning occurs. Also, the valves here 
tofore used with these assemblies were relatively slow and 
quite unreliable in their functioning. 

It is therefore an object of this invention to provide 
novel and improved automatic compressed gas blasting 
cartridges. Another object is to provide a new combi 
nation of elements in compressed gas blasting systems. A 
more specific object is to provide a safe, novel, economical 
valve and cartridge arrangement particularly well adapted 
for series shooting. 
The manner in which these and other objects are ac 

complished will be apparent from the following specifica 
tion and the drawing in which: 
FIGURE 1 is a schematic representation of a cartridge 

embodying the features of the present invention; 
FIGURE 2 is a longitudinal sectional view of a car 

tridge illustrating a specific embodiment of the present 
invention, with a large part of the body broken away; 
FIGURE 3 is a fragmentary view taken in longitudinal 

section at one end of the cartridge illustrating another 
aspect of the invention; 
FIGURE 4 is another fragmentary longitudinal sec 

tional view of the valve in another embodiment of the 
invention; 
FIGURE 5 is a fragmentary longitudinal sectional view 

of an additional modification; and 
FIGURE 6 is a fragmentary longitudinal sectional view 
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2 
of a valve assembly illustrating another feature of the 
invention. 

Referring to FIGURE 1 of the drawing, an elongated 
tubular body 101 formed of metal or equivalent material 
of a strength to contain gas under high pressure, for. ?X 
ample, at from about 6,000 to 20,000 p.s. i., is provided 
generally with suitable means 102 at one end for intro 
ducing compressed gas into the tubular body, the outer 
diameter of which is such that it can be freely set within 
a bore drilled in the face of the material such as coal 
to be mined. Adjacent the other end this body is provid 
ed with a pressure responsive valve structure 103 which 
is normally closed by laterally directed outlet ports 104. 
Compressed gas entering the tubular body passes through 
check valve 105 which is made an integral part of the 
cartridge and mounted protectively within one end of the 
body 101 in proximity with main chamber 130. Valve 
105 has a bypass 106 for the gas supplied for filling and 
discharging the cartridges sequentially when in Series con 
nection; for filling them simultaneously and then dis 
charging each sequentially, bypass 106 is plugged shut. 

In operation, compressed gas is delivered into tubular 
body 101 through a line at inlet 102 and through check 
valve 105 from a compressor or other suitable source not 
shown. Gas delivery continues until the discharge pres 
sure predetermined by structure 193 is built up within 
the body. At that time, the gas causes pressure respon 
sive valve 103 to open lateral exhaust ports 64; where 
upon the gas within the cartridge chamber is liberated 
substantially instantaneously and its Sudden release re 
sults in the breaking or working of the material adjacent 
to it. Responsive to this substantial reduction of pressure 
within the tubular body, check valve 105 closes, prevent 
ing the introduction of any additional compressed gas to 
the tubular body, and simultaneously also functions to 
shunt the supply of gas from inlet 102 to bypass 106. 
When cartridges of this type are employed in series firing 
operations, bypass 106 serves to provide compressed gas 
from the next cartridge in the series, but, if the cartridge 
is to be used in a one-shot operation, bypass 106 may be 
replaced by a sealing plug. This has the advantage of 
allowing adjustment of the discharge setting of valve 103 
of each cartridge independently so that the discharges 
may occur more rapidly, where desired for better coal 
breaking for example, than where each cartridge must be 
both filled and discharged before a succeeding one. 

During operation and before and after operation, the 
cartridge is normally subjected to substantial physical 
abuse without impairment of its operation. 
After the charge of compressed gas in tubular body 

191 has been liberated as a work-performing medium, 
valve 503 is returned to its original position closing dis 
charge ports 104. These ports are closed quite rapidly 
after discharge and before the pressure within the tubular 
body is returned to atmospheric. Thus, some residual 
pressure normally in the neighborhood of about 500 to 
2,000 p.s. i. remains after discharge. This residual pres 
sure serves to initiate return of integral check valve 105 
to its original open position when the supply line connect 
ed to inlet 102 is ultimately cut-off and the intervening 
portion vented. The cartridge is thus in condition for re 
charging without impairment of it and without either a 
dangerously repeated discharge or undue dissipation of 
gas from the source. 

In FIGURE 2 of the drawing the elongated cylindrical 
body 1 forms the main chamber 30. At one end of this 
body, there is an adapter 2 one end of which (not shown) 
may be screw threadedly attached to body 1 while the 
other end extends into and is similarly attached to a dis 
charge head 5 provided with a suitable number of lateral 
exhaust ports 15 inclined as shown to develop a force re 
sisting ejection of the cartridge upon discharge. These 
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normally as shown whereat piston enlargement 75 divides 
cylinder part 73 into outlet spaces 81 and obturating 
chamber 82. Reduced valve stem 80 is formed opposite 
end 75 and is slidably mounted in reduced chamber part 
83 leaving thereat an annular restricted vent passage 133 
one end of which is sealed by resilient O-ring 92 in groove 
86 while the opposite end communicates with obturating 
chamber 82 for bleeding gas from the latter off into 33, 
but only when piston 74 is moved to the right in closed 
position thereby eliminating space 81 and taking face 131 
out of abutment with shoulder 132 between chamber ends 
73 and 83. Gas thus admitted into passage 133 in turn 
leaks off into radial vent or vents 134 until chamber 82 
is cut off as 131 and 132 abut when the valve piston 74 
is moved to the left. 
Chamber 82 is formed annularly between piston 74 and 

body 68 for effecting automated obturation and occurs in 
enlarged end 73 between shoulder 32 and enlarged pis 
ton end 75 which in turn is slidably mounted in enlarged 
cylinder part 73 of the chamber inside body 68. The 
mounting is with small clearance forming a restricted pas 
sage 76 between 68 and 75 allowing very slow gas com 
munication between obturating chamber 82 and outlet 
space 8 adjacent the rim like valve seat 87 surrounding 
the depression 79 in the end of body 69 and surrounded 
in turn by annular groove 89 about ridge 87. Orifices 88 
extend from this outer groove to delivery bore 95. Cham 
ber 82 always includes the toroidal volume formed by the 
differences in diameter between piston enlargement 75 and 
median piston part 85. 
When piston 74 is in closed position annular ridge 87 

of the feed and seat body 69 forms a seat for the piston 
to cut off piston bore 84 from annular groove 89 adapted 
for collecting gas for passage through restricted orifices 
88 angling in from groove 89 to central bore 95. 
The annular ridge 87 may be in piston 74 opposite the 

same end of the feed and seat body 69 having the central 
depression 79. 
The effective cross wise areas of the small end of stem 

80, of the enlarged end at 75 opposite ridge 87 and of the 
groove 89 in the body 69 provides a differential area 
effecting a normally open condition of the valve, a rapid 
obturation cutting off the gas flow to the cartridge when 
the gas pressure falls suddenly in main chamber 30, 
and finally a valve reset to open position after a suitable 
time delay determined by the differential areas and the 
bleeding action at the restricted clearance at 133. 

In operation gas passes successively through 83, 84, 81, 
89, 88 and 95 of the open cut-off valve. Because of the 
area difference, gas at 81 exerts a force to the left exceed 
ing that exerted to the right in 83 on the end of stem 80 
of piston 74. Restriction at orifices 88 is enough to pre 
vent the valve from acting as a surge closure device until 
the cartridge reaches the desired predetermined pressure 
of the discharge valve and is suddenly discharged through 
ports 15. Thereupon the higher pressure on the stem 86 
in 83 and in chamber 82 exerts a closing force. Before 
discharge, gas bleeding through 76 and trapped at 13 
and 132 charges chamber 82 to substantially the same 
pressure as that in the rest of the valve. When piston 74 
moves to the right, closing the valve, the seal between 3 
and 132 is broken permitting residual pressure in cham 
ber 82 to be vented to atmosphere through clearance 133 
and vent 134. Residual pressure, from chamber 39, in 
groove 89 between inner ridge 87 and outer ridge 99 and 
acting therein to the left upon enlarged piston end 75, re 
opens the valve as the pressure in chamber 83 is bled 
off to a sufficiently low value. 

In FIGURE 3, inlet body 68 has both inlet opening 
177 and by-pass opening 178 straight out to the side for 
line 90 and plug 9 respectively. Separate valve seat 69 
has the central depression 79, ridge rims 87 and 99 for 
valve seating and has annular groove 89 and orifices 88 
for feeding into delivery opening 95 of the intermediate 
body 169 which with 168 forms the enclosure having the 
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6 
cut-off valve chamber 193 with reduced end 183 and 
large end 173 which carry the same type of piston 74 
as in the previous embodiment sealed in 168 by O-ring 92 
in groove 86. Body 169 is fastened at thread 70 to body 
1 and sealed therewith by O-ring 71 carried in groove 72. 
The obturating chamber vent consists of three parts, 

namely radial passage 134’ of inlet body 168, radial out 
let extension 134', and intermediate annular connector 
197. The action is much the same as in the previous 
embodiment having the same obturating chamber 82, but 
the added sealing O-ring between 69 and the body 1 is 
new. The gas fed goes through 177 to 183, 84, space 
18, groove 89, orifices 88 and then to delivery port 95 
when the cartridge needs to be charged. 
FIGURE 4 illustrates how the cut-off valve end of FIG 

URE 3 is modified by addition of an attached heavy pro 
tective cross bar 194 held in extension 96 of modified 
body 68' to guard and prevent breakage of the line 
connections at 177' and 178' to the integrated cut-off 
valve and cartridge cylinder of this invention. Otherwise 
the parts and functions are quite similar to what is shown 
in FIGURE 3 where gas from line 90 enters small end 
183' by inlet 77' and from thence passes through the 
bore of stem 80 of valve 74. 
In FIGURE 5 cut-off valve inlet body 268 is modified 

to have axial end inlet 277 into the reduced part 283 of 
the chamber and radial vent 234 is in series connection 
with longitudinal vent outlet 234' discharging obturating 
chamber 82 at median piston part 85 into bore 291 of 
sleeve extension 294 threaded on the body 269 modified 
for the purpose as compared to body 69 of FIGURE 3. 
Sleeve 294 has a side opening 297 for receiving line. 90 
which is first connected at 277 after which sleeve 294 is 
screwed on body 269 which serves to lock separate valve 
seat 269' in the valve. Sleeve 294 protects line 90 at the 
connection. 
FIGURE 6 shows still another form of drop-of-pres 

sure gas feed cut-off valve arrangement the inlet body 
368 of which is attached at end 98 of cartridge cylinder 
body and sealed thereto by resilient ring 71 in groove 
72. Body 368 is closed at one end by massive head 394 
having reversed feed line 90 at inlet 377 and by-pass 
line 90' attached at 378 at the tapers 396 converging to 
ward flange 397 at which 368 abuts body 1 sealed by 
ring 71 in groove 72. Body 368 is closed and lined 
by body 369 threaded therein and having a large bore 
containing a differential pressure cup valve 374 normally 
and initially open with respect to valve seat 387, a self 
aligning ring floating in 369 on resilient ring 389 in 
groove 390. Seat 387 has central delivery orifice 388 
for passing the gas from the passage space 384 between 
374 coaxially spaced from 369 into delivery opening 395 
in 369 for admission axially to chamber 30. Cup valve 
374 is mounted slidably on hub 373 to form reset cham 
ber 382 having a smaller inner effective area than outer 
end area 375 of valve 374 in passage 384 connected to 
chamber 382 by a restricted bleeder port 376. 
The edge 331 at the end of valve 374 opposite area 

375 seats on by-pass seat 332 having radial vents 333 
connecting through axial vent outlet 334 and transverse 
passage 335 to bypass passage 391 in head 394 of body 
368. In operation, gas flows from inlet bore 383 into 
chamber 384 from inlet line 93 at connection 377 whereby 
increase of pressure first moves valve 374 to the left to 
seat edge 331 on seat 332 to cut-off the bypass but al 
lowing gas pressure to build up equally in chamber 30 
for discharge at the predetermined pressure and also in 
chamber 382. 
When gas is so released in 30, pressure in 384 fails 

below that maintained higher in 382 by restricted port 
376 and by sealing O-ring in hub 373; end 375 of valve 
374 slams shut on seat 387 cutting off the feed to the 
blasting cartridge shown and simultaneously breaking the 
seal between edge 331 and seat 332 for exposing vents 
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333 and by-passing the feed to line 90' to actuate the 
next cartridge in Sequence. 

In this stage, compressed gas entering bore 383 flows 
through vents 333, outlet 334 and transverse passage 335 
out at passage 391. 

Modifications may be made in any of these embodi 
ments by those skilled in the art without departing from 
the spirit and scope of the invention as set forth in the 
appended claims. For example in FIGURE 6, hub 373 
may carry an axial stem extension and face 375 may 
be orificed to pass this extension to extend toward 388 
with venturi effect and a clearance passing gas slowly 
into 382 and out of it at this orifice. During initial 
charging the venturi reduces pressure in 382 but then 
later pressure builds up in 382 around the extension so 
that pressure is built up therein at a delayed time. An 
other change places in 384 a large ball and compression 
spring urging the ball to the left, away from seat 337, 
all in substitution for the sleeve valve 374 and the ex 
tended part of the hub 373; this keeps the bypass closed 
normally except temporarily upon discharge when the 
surge throws the ball to the right against the other 
seat, 387. 
What is claimed is: 
1. A blasting assembly comprising an automatic valve 

operated cartridge having an elongated substantially cylin 
drical case forming a chamber adapted to contain a blast 
ing charge of compressed gas, and provided with a lat 
eral outlet discharge port intermediate the ends of said 
case together with a discharge valve normally closing 
said outlet discharge port and responsive to attainment 
of a predetermined pressure in said chamber for operat 
ing said port for discharging, spring means in said car 
tridge operative to automatically return said discharge 
valve to said normally closed position thereby retaining 
a residual pressure in said cartridge, manually operated 
means for preselecting said pressure of discharge, a gas 
inlet and means for securely mounting said inlet within 
one end of said case for connection to a line containing 
gas under pressure for introducing said gas into said cas 
ing, and a check valve mounted within said casing be 
tween said chamber and said inlet and having a pres 
Sure-responsive cutoff element and having a single out 
let to said chamber controlled by said element for auto 
matically closing said outlet upon said discharge and 
maintaining said outlet closed so long as gas pressure 
remains in said line and for resetting said check valve 
by said residual pressure in said cartridge when the pres 
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sure in said line is reduced relative to said residual pres 
sure, said one casing end including an extension protec 
tively outwardly of said inlet, mounting means and check 
valve, said valves having opposed differential area Sur 
faces and pressure differential creating means affecting 
said surface. 

2. The assembly of claim 1 wherein the extension in 
cludes a reversely directed connection extending from 
an undercut in the extension. 

3. The assembly of claim 1 wherein the case com 
prises a secondary chamber for retaining compressed gas 
from the charge containing chamber, wherein the dis 
charge valve is normally held in sealing position by said 
compressed gas, and including a ball valve comprising 
an adjustable valve spring, a ball, a fixed ball-unseating 
abutment, a secondary chamber vent and a movable con 
trol piston forming differential areas between said cham 
bers and carrying said ball normally seated by said gas 
in said piston for sealing said secondary chamber vent, 
said control piston being operable solely by said gas in 
said charge containing chamber against Said spring and 
abutment to release gas pressure from said secondary 
chamber thereby unsealing the discharge port. 

4. A blasting system comprising a series of automatic 
valve operated cartridges, means for charging said car 
tridges simultaneously with compressed gas, each of said 
cartridges having a substantially cylindrical elongated car 
tridge case adapted to contain a charge of compressed 
gas, inlet means mounted protectively at one end of said 
case for introducing gas into the case, a lateral discharge 
port proximate the other end of the case, discharge valve 
means normally closing the port until a predetermined 
discharge pressure is attained within the cartridge case, 
cut-off means within the cartridge case adjacent the in 
let means for closing the inlet means upon the discharge 
of the compressed gas from the cartridge case, and man 
ually operated means for preselecting said discharge pres 
Sures of successive cartridges to obtain the desired Se 
quence of firing. 
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