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_This invention relates to an improved method 
and appartus for blasting, particularly for the 
blasting or breaking down of coal. 
The method and apparatus of the present in 

5 vention are predicated essentially on the use of 
high pressure air or‘ other gas without the aid of 
combustion or the use of heat, electricity, or 
chemical elements. - . 

The use of compressed air for the breaking down 
10 of coal and other materials has been heretofore 

suggested, but an entirelypractical and satis 
factory method and apparatus has not heretofore 
been developed. The present invention aims to 
provide a new method for the application of high 

15 pressure air or other gases to the breaking down of , 
coal and other materials and also to provide 
certain advantageous improvements in the ap 
paratus heretofore suggested for this general 
purpose. . 

20 Referring to the drawing, ' 
Figure 1 is a general view illustrating the appli 

cation of the apparatus to coal mining, 
Fig. 2 is a view in longitudinal section through 

one form of cartridge according to the present 
invention, 

Figure 3 is a view in longitudinal section 
I through a modi?ed form of cartridge for accom 
plishing the purposes of the present invention. 
Referring ?rst to Figure 2, it will be observed 

30 that the cartridge may consist of a steel body 
1 having an internal charge receiving chamber 
which is closed at one end of the cartridge by a 
cap member 8. The oppomte end of the cartridge 
may ‘bev of solid construction in which there is pro 

35 vided a plurality of radially arranged discharge 
ports ii. A valve controlled opening ll serves to 
place the interior of the cartridge in communica 
tion with the discharge ports I! under appropriate 
conditions. The opening H is in the form of a 

40 conical valve seat designed for cooperation with 
a correspondingly formed valve it carried on one 
(end of a rod I2. The opposite end of rod I2 is 
provided with a piston. which ?ts slidably within 
the internal bore formed in the cartridge. The 

45 can ‘8 is provided with an axial port ll designed 
to be placed in communication with a high pres 
sure air supply pipe 3, which may be coupled to 
‘the cap member 8 by the elements 8 and Ill. 
The piston may be thought of as dividing the 

50 bore in which it moves into a charge receiving 
space (that to the left of the piston in each 
?gure) and a control chamber or space-the 
space at the right‘of the piston. ' 
\The principle of operation of this form of car 

“ tridge will be described before proceeding with a 

25 

(01. 102-5) 
description of the alternative form of cartridge 
and of the method according to which these car 
tridges are employed. Assuming the pipe 3 to be 
connected to a suitable source of high pressure 
air or other gas, it will be observed that the ?rst 5 
effect of the introduction of air into the cartridge 
through the port II will be to exert a consider 
able pressure on the head surface of the piston, 
thereby moving the same, together with the valve 
rod and valve member l3 in an axial direction 10 
and bringing the valve it into ?rm sealing en 
gagement with the surface It. This having been 
accomplished, which, of course, occurs instan 
taneously, the high pressure air somewhat grad 
ually passes around the piston into the main 15 
charge receiving chamber of the cartridge. It 
should be mentioned in this connection that the 

. piston is somewhat loosely ?tted to the bore“ 
within the cartridge in order that the high pres 
sure air introduced in advance of the piston may 
gradually pass to the opposite side thereof to build 20 
up in the main chamber a full charge of air. 
After a charge of the desired volume and pressure 
has been introduced into the main chamber of 
the cartridge, it is intended that the piston be 
operated to unseat the valve is, thereby permit- 25 
ting the escape of the‘ entire charge through the 
discharge ports I! and into the surrounding ma 
terial to be broken down. This is accomplished 
in an exceedingly simple manner, by merely re 
ducing the pressure in the small chamber of the 30 
cartridge in advance of the piston. Thus, by 
venting the pipe 3 to the atmosphere, the small 
volume of gas in advance of the piston readily 
escapes through the port II and pipe 3 into the 
atmosphere, thus causing'an instantaneous drop 
in pressure in the small chamber in advance of , 
the piston. This, of course, gives rise to a differ 
ential pressure condition wherein the pressure on 
the remote side of the piston greatly exceeds that 
oh the opposite side, thereby resulting in a rapid 
axial movement of the piston in a direction to 
remove the valve I! from its seat. This is fol-_ 
lowed, of course, by the practically instantaneous 
escape of the entire volume of high pressure air 
through the several discharge ports II into the 
surrounding material to be broken down. 
There is shown in Figure 3 a modi?ed form 

of cartridge designed to operate on precisely the 
same principle as described in connection with 50 
Figure 2. In this case the cartridge with its dis 
charge ports, its end. cap and supply pipe and 
pipe connections, are exactly the same as in 
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, Figure 2 and are designated by similar reference 
numerals. The entire difference between the two 55 
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1 devices lies in the form of the piston and its 
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valve. The shank I6 is tapered at one end to form 
a valve to correspond to valve l3 in the above 
described construction and at its opposite end 
is provided with a piston. In this case, however, 
the piston is suitably packed by means of cup 
leathers 20 and retaining rings 2|. Disposed 
within the piston is a supplemental valve mem 
ber IT designed for sealing engagement as indi 
cated at I8 on a ring member IS. A spring 23 
serves to normally maintain the valve member I‘! 
in sealing engagement with ring IS. A plurality 
of ports 22 provide communication from one side 
of the piston to the other when valve member I‘! 
is in open position. 
The operation of the device illustrated in Fig 

ure 3 is as follows: Assuming the pipe 3 to be 
connected to a source of high pressure air, the 
?rst result of the passage of air from pipe 3 
through port II and into the small chamber 25 
in advance of the piston is to move the entire pis 
ton assembly axially in a direction to close the 
valve at the discharge end of the cartridge. 
When the piston has reached the limit of its 
movement in this direction, the continued build 
ing up of pressure in the chamber 25 will re 
sult in opening of the valve l1 against the ac 
tion of spring 23, thereby permitting high pres 
sure air to pass directly from chamber 25 through 
ports 22 into the maincharge containing cham 
ber 24. When a charge of desired volume and 
pressure has been introduced into the chamber 
24, the supply of air through pipe 3 may be dis 
continued, under which condition the piston will 
remain in position to maintain the valve at the 
discharge end of the cartridge in ?rm sealing en 
gagement. This may be explained by the fact 
that the area of the piston subjected to high pres 
sure air contained in chamber 25 is substantially 
greater than that area of the piston which is sub 
jected to pressure from chamber 24.‘ It should 
.also be noted that the pressure in chamber 25 
will normallyv be greater than that in chamber 
24 by an amount substantially equal to pressure 
required to open valve I'l against the action of 
spring 23. It is apparent that if the pressure 
contained in chamber 25 were suddenly released 
to the atmosphere, the piston would immediately 
be moved by the pressure existing in chamber '24 
in a direction to open the valve at the discharge 
end of the cartridge and prevent unrestricted 
escape of the high pressure air from chamber 24 
outwardly through the radial discharge ports. 
This is precisely the manner in which the dis 
charge of‘ the cartridge is brought about both 
in this case and in the case of the construction 
illustrated in Figure 2. 

Referring now to Figure 1, there is illustrated 
a coal face 2, suitably undercut and drilled and 
provided with a cartridge l of the character illus 
trated in either Figures 2 or 3 and a supply pipe 
3 extending from the cartridge to a compressor 
4. It will be understood in this connection that 
the compressor 4 would normally be located in a 
safe position entirely out of line with the coal 
face to be broken down. In the supply pipe 3 
there is provided a valve 5 ‘and a pressure gauge 
6, the latter, of course, indicating at all times 
the degree of pressure which has been/ introduced 
into the cartridge. In one position of the valve 
5 high pressure, air is free to pass from the com 
pressor 4 through pipe 3 to the cartridge, while 
in another position of the valve 5 the ?ow of 
high pressure air from the compressor 4 is com 
pletely cut on‘ and the pipe 3 is vented to the 
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atmosphere. A suitable lateral discharge 5' may 
be provided for venting the pipe 3 to the atmos 

‘ phere when the valve is so adjusted. 
From the foregoing description it should be 

evident that the present invention provides a form 
of cartridge which may be discharged at will at 
any desired pressure ranging from slightly in ex 
cess of zero up to the maximum pressure capacity 
which may be developed by an airrcompresson 
Moreover, it should be realized that the method 
herein presented provides an arrangement where 
in the cartridge may be so discharged at any de 
sired pressure by merely operating valve 5 to cut 
o? the ?ow of air from the compressor and to 
vent the pipe 3 to the atmosphere when such de 
sired pressure has been reached as indicated by 
the pressure gauge 6. This method provides a 
degree of ?exibility not heretofore obtainable 
with any method of blasting or breaking down 
material in that each individual shot may be made 
at a pressure designed to accomplish precisely the 
amount of work which that shot has to do. In 
the blasting of coal, for example, it often happens 
that after a number of holes have been drilled 
and shots appropriately placed, the shooting of 
one or more of such shots may leave but very 
little work to be done by those shots remaining 
to be fired, and in such a case the present method 
offers the ability to accurately gauge the amount 
of force applied to the work to be done. It is also 
important to note that the mechanics of the 
cartridge used under this method need not be 
as accurately executed as would be required if 
such a cartridge were to remain charged for any 
considerable length of time. For example, a 
slight leakage of the valve at the discharge end 
of the cartridge, is, under the present method, 
of very little consequence, inasmuch as such leak 
would occur only during the time when high pres 
sure air was being introduced in the cartridge at 
a relatively rapid rate and the cartridge would 
be discharged immediately upon the attainment 
of a charge of the desired pressure. Mention 
should also be made of the fact that the cartridge 
may remain connected to the supply pipe 3 and be 
thus used for shooting any desired number of 
shots. It is contemplated that the supply pipe 3 
will be in the form of a suitable armored ?exible 
tubing capable of safely carrying extremely high 
pressures. Thusithe cartridge does not involve 
any item of expendable supplies other than com 
pressed air and does not involve the making and 
breaking of connections each time the cartridge 
is discharged and prepared for recharging. 
There is provided in e?'ect a relatively permanent 
service unit capable of performing a vast amount 
of useful work in an accurately controlled man-. 
ner and at the expense only of the necessary 
volume of high pressure air or other gas. 
The apparatus described provides a further 

possibility not heretofore mentioned and not ob 
tainable with many known methods of blasting. 
Thus, with the present apparatus it is entirely 
possible to discharge two or more cartridges 
simultaneously without any possibility of one or 
more of a series of such connected cartridges 
failing to discharge. The venting of a single sup 
ply pipe feeding the high pressure air to two or 
more cartridges would serve to discharge. each of 
said cartridges without possibility of failure owing 
to an instantaneous reduction in pressure in the 
control chamber of each cartridge by the venting 
of the common supply pipe connectedjthereto. 
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variable factors which preclude dependable shoot 
ing of two or more cartridges simultaneously. 

It should be understood that the invention is 
not restricted to theparticular units or details 
of construction shown. The source of high pres 
sure air may be other than an air compressor and 
the form of the discharge mechanism within the, 
cartridge may be widely varied. 

I claim: 
1. A material breaking apparatus comprising 

a source of compressed gas, a supply pipe extend 
ing therefrom to the material to be broken, a 
cartridge connected to said supply pipe and 
adapted to be positioned in or adjacent the ma 
terial to. be broken, said cartridge embodying a 
differential valve controlling the release of com 

' pressed gasfrom said cartridge into the material 
' to be broken, said valve being actuated into 
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closing position by the introduction of compressed 
gas into said cartridge through ‘said supply pipe 
and being actuated into open position when the 
flow of gas is reversed, and means for cutting 
oil‘ the ?ow of gas from said source and reversing 
the ?ow of gas in said supply pipe, thereby ef 
fecting release of the compressed gas from 
said cartridge into the material to be broken. 

2. The method of breaking coal or other ma 
terials including the positioning therein of a re 
ceptacle for the reception of a. charge of com 
pressed gas, introducing therein a charge of com 
pressed gas, and e?ecting release of the charge 
of compressed gas at the will of the operator 
at any desired pressure through control of the 
supply- - . 

3. Means'for providing a supply of gaseous ?uid 
under pressure, conducting means therefrom, a 
receiving chamber for the compressed gas having 

- associated therewith means for releasing the gas 
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including 'a valve, and means controlled by the, 
pressure in said conducting means for controlling 
said valve, and means associated with said con 
ducting means for permitting variation of the 
pressure therewithin at the will of the operator. 

4. Means for providing a supply of gaseous 
?uid under pressure, a conducting means extend 
ing therefrom, a cartridge positioned in material 
to be broken and connected to said conducting 
means to receive therethrough a charge of com 
pressed gas, and means interposed in said con 
ducting means between said supply and the 
cartridge for effecting discharge of the cartridge. 

5. A method of breaking down material which 
comprises the following steps; introducing into 
the material to be broken a container for receiv 
ing a blasting charge, charging the container 
‘when so placed to any desired blasting pressure 
from a remote point and effecting under remote 
control the discharge of the blast in the material 
at the operator’s will and irrespective of the 
particular blasting pressure then existent. 

6. A material breaking apparatus comprising 
a source of blasting pressure, a cartridge for re 
ceiving a blasting charge of any desired value. 
means for conducting pressure- from said source 
to said cartridge, means' operable at will re 

' gardless of the pressure in the cartridge for clos 
ing said supply means, and means operable at will 
regardless of the pressure in the cartridge, pro 
vided said pressure be substantially above at 
mospheric, for releasing the blasting charge. .' 

7. In a blasting apparatus, a container for re- . 
ceiving a blasting charge, means‘ for charging 

, said container to any desired blasting pressure, 
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- andmeans utilizing the pressure of the blasting 
charge for e?ecting release of the blasting charge 

3 
irrespective of the particular blasting pressure in 
said container. 

8. In a blasting apparatus, a blasting cartridge 
for receiving a blasting charge, a source of 
blasting pressure, means for conducting blasting 
pressure from said source to said cartridge, means 
under operator control for closing off said con 
ducting means from said pressure source and for 
reducing the pressure in said conducting means, 
and means responsive to said pressure reduction 
for effecting discharge of the blast from the 
cartridge. 

9. In a blasting apparatus, a blasting cartridge 
for receiving a blasting charge, a source of blast 
ing pressure, a pipe line for conducting pressure 
from said source to said cartridge, valve means for 
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cutting off flo'w'of pressure through said’pipe line 
and for venting "said pipe line, and means re 
sponsive to. said venting for effecting release of 
the blasting charge from the cartridge. 

'10. In a blasting apparatus, a cartridge hav 
ing a container for receiving a blasting charge, 
discharge means for said container, a valve for 
controlling said discharge means, a differential 
piston for actuating said valve and for holding 
said valve closed, means for conducting pressure 
to said container to act on the larger pressure 
area of said piston to hold said valve closed, 
valve means carried within the piston for con 
ducting pressure past said piston to the con 
tainer to act on the opposed reduced area of said 
piston, said valve means closing automatically 
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upon reverse in flow of the pressure, and means ’ 
for venting the larger area of ‘the piston so that 
the pressure in the container acting on the re 
duced piston area effects opening of the valve. 

35 

11. In a blasting apparatus, a cartridge having I 
a container for receiving a charge of blasting 
pressure, a discharge ori?ce therefor, a valve for 
closing said ori?ce, a di?erential piston for con-. 
trolling said valve, means for introducing pressure 
into said container, the pressure acting on the 
larger pressure area of the piston to maintain 
said valve closed, the pressure ?owing past the 
piston to the container at the other side of the 
piston, and means for venting the container to 
reduce the pressure acting on the larger area 
of the piston so that the pressure in the container 
acting on the reduced. piston area effects move 
ment of the piston to open said valve. 

12. In a blasting cartridge, a container for re 
ceiving a blasting charge, discharge means there 
for, means for charging the container, and means 
controlled by the charging pressure for maintain 
ing said discharge means closed, and means for 
eifecting release of said discharge means at 
will. 

13. A method of blasting down material which 
comprises the following steps: introducing into 
the material a means for con?ning blasting pres 
sure, supplying to said means, when the latter 
is in position in the material to be broken down. 
blasting pressure from an extraneous point, and 
effecting upon the attainment of substantially 
‘any desired superatmospheric pressure in said 
con?ning means discharge of the con?ned charge. 

14. A method of breaking material comprising 
the following steps: introducing into the material 
means for con?ning a charge of blasting pressure, 
supplying under operator control a charge of 
blasting pressure to said con?ning means, and 
thereafter, at the operator’s will and irrespective 
of the pressure in the con?ning means effecting 
venting of the supply means to effect release of 
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the charge into the material from the con?ning 
means. 

15. In a blasting apparatus, a container for 
receiving a blasting charge, discharge means 
therefor, means for charging the container, and 
means controlled by the charging pressure for 
maintaining said discharge means closed, and 
means for effecting release of said discharge 
means at will, including a vent valve remote from 
said container. 

16. A ‘material breaking device comprising a 
cartridge body having a charge receiving cham 
ber therein and a discharge ori?ce, a valve con 
trolling said ori?ce, means associated with said 
cartridge and operative on supply of pressure to 
said cartridge to close said valve and maintain 
the same closed and on venting of pressure to 
cause valve opening to release the charge, and 
means for supplying from a point extraneous to 
the cartridge receiving hole and venting to a point 
extraneous to said cartridge receiving hole ?uid 
pressure relative to said cartridge. 

17. A material breaking device consisting of a 
cartridge provided with a chamber adapted to 
be charged with compressed gas from a source of 
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supply, means embodied in the cartridge and op 
erable at will for e?ecting repeated charging and 
discharging thereof, and means remotely posi 
tioned relative to the cartridge for controlling 
said operation of the aforesaid means. 

18. The method of breaking coal or other mate 
rials including the positioning therein of a re 
ceptacle for the reception of a charge of com 
pressed gas, introducing into said positioned re 
ceptacle a charge of compressed gas, which charge 
is divided in the receptacle into a control frac 
tion and a blasting fraction, and effecting release 
of the blasting fraction of the charge at the will 
of the operator by venting from the receptacle the 
control fraction. _ 

l9. WA blasting cartridge comprising a container 
adapted to be charged with a compressed ?uid at 
blasting pressure and having an ori?ce through 
which said ?uid may be discharged, and a ?uid 
pressure controlled valve for retaining the pres 
sure in said ‘container and for releasing the pres 
sure consisting of a single movable part for gov 
erning said ori?ce. 
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