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57 ABSTRACT 
In a jet piercing device incorporating a liquid chamber 
wherein ultra high pressure is generated, a liquid is 
forced out through a nozzle having outlet means at the 
end of a conically contracted passage. The restricted 
area of flow of the outlet means is distributed and ori 
entated in a direction transverse to the feeding direc 
tion of the nozzle so that a wide slot can be cut in the 
material worked upon with a low consumption of en 
ergy. The area of flow of the nozzle may be defined by 
a single flattened outlet or may be divided into two or 
more outlets extending in spaced relation longitudi 
nally of the nozzle. The width of the pierced slot is ad 
justed by turning the nozzle relative to the feeding di 
rection thereof. 

6 Claims, 7 Drawing Figures 
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JET PIERCING DEVICE 
BACKGROUND OF THE INVENTION 

This invention relates to hydraulic jet piercing de 
vices particularly adapted for eroding holes or slots in 
hard and brittle materials such as rock, ore, coal, strati 
fied earth formations and the like. In jet piercing de 
vices a number of advantages can be gained from in 
creasing the outlet diameter or area of flow of the noz 
zle in the generator producing the high velocity hydrau 
lic jet. A first advantage is that the fraction of the total 
energy lost in friction to the walls of the eroded slot or 
hole decreases. This results in a higher stagnation pres 
sure at any given depth below the surface worked upon 
and a consequent higher rate of material removal. A 
second advantage is a greater probability that the jet 
impacts upon a weakness line in the material worked 
upon such as a crystal boundary or flaw. A third advan 
tage is that the erosion zone can be extended over more 
than one of the crystals making up the material worked 
upon. This means that the crystals of the material can 
be eroded by the liquid jet into a more or less intact un 
confined state and are therefore easier to remove. 
Normally these advantages, however, cannot be uti 

lized in practice because of the disadvantage that noz 
zles enlarged to cut wider holes or slots require a pro 
hibitive increase in the power input to the hydraulic jet 
generator if they are to operate on a sufficiently high 
pressure level. 

It is therefore an object of this invention to create a 
novel hydraulic jet piercing device in which the above 
mentioned potential advantages of large diameter noz 
zles are made useful with a much lower consumption of 
power than would be required in the large diameter 
nozzle cases. Another object of the invention is to pro 
vide a hydraulic jet piercing device in which the area 
of flow of the jet nozzle outlet means has been distrib 
uted and orientated in a way enabling the jet emerging 
from the nozzle to erode a wide slot or hole without ex 
cessive consumption of power. 

SUMMARY OF THE INVENTION 
For the above and other purposes there is according 

to the invention provided a hydraulic jet piercing de 
vice comprising a housing, a pressure chamber in said 
housing, means for supplying liquid to said chamber, a 
nozzle connected to said chamber, outlet means in said 
nozzle having a restricted area of flow relative to the 
area of flow of said chamber, a conically contracted 
passage in said nozzle extending between said chamber 
and outlet means, means associated with said housing 
for generating ultra high pressure in said chamber 
whereby a high velocity jet of liquid is expelled from 
said chamber via said passage through the restricted 
area of flow of said outlet means of said nozzle, means 
for feeding said housing in a direction transverse to said 
jet, and said area of flow of said nozzle being distrib 
uted and orientated transversely of the feeding direc 
tion of said housing. 

BRIEF DESCRIPTION OF THE DRAWING 
The invention will be described in more detail in con 

nection with the annexed drawings, wherein FIG. 1 is 
a longitudinal sectional view through a hydraulic jet 
piercing device embodying the invention. FIG. 2 is an 
enlarged sectional view on the line 2-2 in FIG. 1 and 
illustrates the nozzle portion of the jet piercing device 
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2 
shown therein. FIG. 3 is a fragmental front end view of 
the nozzle arrangement in FIG. 2. FIG. 4 is a longitudi 
nal sectional view through a modified embodiment of 
the nozzle in FIG. 2. FIG. 5 is a front end view of the 
nozzle in FIG. 4. FIG. 6 is a front end view correspond 
ing to FIG. 5 but of a third embodiment of the nozzle. 
FIG. 7 is a fragmentary section through a still further 
embodiment. 

DETAIL DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, the hydraulic jet piercing device 
depicted therein includes a housing 1 in which is pro 
vided a pressure chamber 2 in the shape of a cylindrical 
through bore. In the housing 1 is provided a nozzle 3 
which is supported in coaxial relation with the working 
chamber 2 by a nozzle sleeve 4. The sleeve 4 is in 
threaded engagement with the housing 1. The pressure 
chamber 2 receives slidably therein the piston rod 5 of 
a differential piston 6 adapted to generate ultra high 
pressure in the chamber 2. The head of the piston 6 is 
slidably received in a cylinder 7 which is supported be 
tween front and rear end pieces 8,9. The end pieces 8, 
9 and the cylinder 7 are connected to the housing 1 by 
means of bolts 10. Hydraulic lines 11, 12 are in com 
munication with the opposed ends of the cylinder 7 and 
are connected to a change-over valve 13 which is 
adapted to connect the lines 11, 12 alternatively to a 
supply 14 of hydraulic pressure and to a tank 15. 
The chamber 2 is connected to a supply pump 16 ar 

ranged to supply liquid, preferably water, thereto 
through a conduit 17. The conduit 17 extends through 
the rear end piece 9 to a tube 18 carried thereby and 
slidably received in the piston 6. The tube 18 communi 
cates with an internal passage 19 in the piston rod 5. 
The liquid supplied from the tube 18 to the passage 19 
passes through a check valve 20 at the forward end of 
the piston rod 5 and keeps the pressure chamber 2 
filled with liquid. 
The housing 1 is guided on guide bars 21, 22 forming 

part of a suitable machine frame, not shown. For the 
guiding, there are affixed two guide brackets 23 to the 
housing 1 by the bolts 10 and these brackets 22 are slid 
able on the bar 22. A sleeve 24 carried by the rear end 
piece 9 is slidable on the bar 21. The housing 1 may be 
moved laterally to and fro along the guide bars 21, 22 
by means of a feed chain 25 connected to a suitable 
feed motor, not shown, whereby the nozzle 3 is caused 
to pass along a rock or other surface 35 for piercing a 
series of holes or a slot 36 thereinto. 
The nozzle 3 is made of hard and durable material 

such as tungsten carbide and is provided with an inter 
ior conically contracted passage 26. The passage 26 
converges from the pressure chamber 2 towards the 
outlet means of the nozzle offering an area of flow for 
the liquid which is restricted relative to the area of flow 
of the working chamber 2 for enabling very high pres 
sure to be generated in the pressure chamber 2. The 
total cone angle of the conically contracted passage is 
in the order of 12 - 15. 
As depicted in FIGS. 2, 3 illustrating the first de 

scribed embodiment, the outlet means of the nozzle 3 
is distributed and orientated as to its area of flow in a 
longitudinal central plane of the nozzle 3 and is more 
particularly divided into two outlets 27, 28 extending 
in substantially parallel spaced relation longitudinally 
of the nozzle. The width of the outlets is chosen of the 
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order of 0.5 - 2 mm and is preferably about 1 mm for 
jet piercing devices of intermediate power and size. 
The outlet spacing may be of the order of 2 - 10 mm 
depending on the crystal structure of the material to be 
eroded, for example 3 mm in the case of granite. 

In operation, pressure fluid is supplied from the sup 
ply 14 via the change-over valve 13 to cause the differ 
ential piston 6 to reciprocate in the cylinder 7 so as to 
operate as a pressure intensifier by its piston rod 5. The 
pump 16 delivers liquid via the conduit 17, the tube 18, 
the passage 19 in the piston rod 5, and the check valve 
20 to the pressure chamber 2 for filling it up during the 
stroke of the piston rod 5 away from the nozzle 3. On 
each stroke in the direction of the nozzle 3' the piston 
rod 5 produces very high pressure in the pressure 
chamber 2. The piston 6 has a large area which may be 
8 - 24 times the cross sectional area of pressure cham 
ber 2 and as a result the pressure of the pressure source 
14 acting against the piston 6, which may be of the 
order of 0.25- 0.35 kilobars, is intensified in the work 
ing chamber 2 to a pressure of the order of 3 - 10 
kilobars. On each pressure intensifying stroke, the 
check valve 9 is closed thus interrupting the supply of 
liquid from the pump 16 to the chamber 2. By each 
pressure stroke, a high velocity jet of liquid is forcibly 
expelled from the pressure chamber 2 through the re 
stricted area of flow of the nozzle 3 presented by the 
two outlets 27, 28. 
The reciprocating motion of the housing 1, which is 

provided by the chains 25, in FIG. 1, is performed in a 
feeding direction perpendicular to the plane of the out 
lets 27, 28, as illustrated by arrow 30. This defines the 
maximum piercing width of the intermittent high veloc 
ity jet emerging from the nozzle 3. Depending on the 
crystalline character and the size of the crystal grains 
of the material cut, the depth of the produced slot 36 
or row of holes can be varied by appropriate adjust 
ment of the piercing width. The optimum cutting con 
ditions may thus be found by adjusting the angular posi 
tion of the plane of the nozzle outlets 27, 28 relative to 
the feeding direction 30. To this end the nozzle sleeve 
4 is loosened in the housing and a knob 31, affixed on 
the forward end of the nozzle 3 as by a pin 32, enables 
the nozzle 3 to be turned about the axis of the pressure 
chamber 2. Thereby the plane of the outlets 27, 28 may 
be set relative to the feeding direction 30 so as to pro 
vide the optimum net piercing width between the out 
lets 27, 28. The selected position is arrested by the 
sleeve 4 whereupon the pressure device is again started 
to operate. 

In the embodiment depicted in FIGS. 4, 5 the nozzle 
3 has a conical converging passage 26 as before but the 
outlet means thereof are provided by an undivided area 
of flow in the form of a single outlet 34 flattened rela 
tive to the nozzle 33 in a longitudinal central plane 
thereof. The length of the outlet 34 may be chosen 2 
- 4 mm whereas the width may be 0.5 - 1.5 mm. 

In the third embodiment illustrated in FIG. 6 the noz 
zle 36 again has a divided restricted area of flow de 
fined by three outlets 37, 38, 39 extending in spaced 
relation from the conically contracted passage, not 
shown but similar to previous passage 26 in FIG. 4, in 
the nozzle 36. The outlets 37-39 are terminated in ori 
fices preferably of 1 mm size and disposed in triangular 
disposition with a spacing in the order of 3 - 10 mm. 
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4 
In FIG. 7 the modified nozzle 41 is provided with a 

pair of outlets 42, 43 converging in a point spaced for 
wardly of the tip of the nozzle 4f. 
The above described jet piercing device nozzles are 

equally suited for application in connection with perse 
known high pressure hydraulic jet generators of the 
type in which the jet is caused to emerge continuously 
rather than intermittently. 
We claim: 
1. A hydraulic jet piercing device comprising a hous 

ing, a pressure chamber in said housing, means for sup 
plying liquid to said chamber, a nozzle connected to 
said chamber, outlet means in said nozzle having a re 
stricted area of flow relative to the area of flow of said 
chamber, a conically contracted passage in said nozzle 
extending between said chamber and outlet means, 
means associated with said housing for generating ultra 
high pressure in said chamber whereby a high velocity 
jet of liquid is expelled from said chamber via said pas 
sage through the restricted area of flow of said outlet 
means of said nozzle, means for feeding said housing in 
a direction transverse to said jet, and said area of flow 
of said nozzle being distributed and orientated trans 
versely of the feeding direction of said housing and 
means for hydraulically actuated differential piston 
means for amplifying the pressure to an ultra-high level 
in said chamber. 

2. A jetpiercing device according to claim 1 in which 
said conically contracted portion is coaxial with said 
nozzle. 

3. A hydraulic jet piercing device comprising a hous 
ing, a pressure chamber in said housing, means for sup 
plying liquid to said chamber, a nozzle connected to 
said chamber, outlet means in said nozzle having a re 
stricted area of flow relative to the area of flow of said 
chamber, a conically contracted passage in said nozzle 
extending between said chamber and outlet means, 
means associated with said housing for generating ultra 
high pressure in said chamber whereby a high velocity 
jet of liquid is expelled from said chamber via said pas 
sage through the restricted area of flow of said outlet 
means of said nozzle, means for feeding said housing in 
a direction transverse to said jet, and said area of flow 
of said nozzle being distributed and orientated trans 
versely of the feeding direction of said housing, said 
area of flow of said outlet means being defined by a sin 
gle outlet flattened relative to said nozzle. 

4. A hydraulic jet piercing device comprising a hous 
ing, a pressure chamber in said housing, means for sup 
plying liquid to said chamber, a nozzle connected to 
said chamber, outlet means in said nozzle having a re 
stricted area of flow relative to the area of flow of said 
chamber, a conically contracted passage in said nozzle 
extending between said chamber and outlet means, 
means associated with said housing for generating ultra 
high pressure in said chamber whereby a high velocity 
jet of liquid is expelled from said chamber via said pas 
sage through the restricted area of flow of said nozzle 
being distributed and orientated transversely of the 
feeding direction of said housing, said area of flow of 
said outlet means being defined by a pair of outlets ex 
tending in parallel spaced relation longitudinally of said 
nozzle. 

5. A hydraulic jet piecing device comprising a hous 
ing, a pressure chamber in said housing, means for sup 
plying liquid to said chamber, a nozzle connected to 
said chamber, outlet means in said nozzle having a re 
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stricted area of flow relative to the area of flow of said 
chamber, a conically contracted passage in said nozzle 
extending between said chamber and outlet means, 
means, associated with said housing for generating 
ultra high pressure in said chamber whereby a high ve 
locity jet of liquid is expelled from said chamber via 
said passage through the restricted area of flow of said 
outlet means of said nozzle, means for feeding said 
housing in a direction transverse to said jet, and said 
area of flow of said nozzle being distributed and orien 
tated transversely of the feeding direction of said hous 

6 
ing means being provided in said housing for adjusting 
the angular orientation of said outlet means relative to 
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said feeding direction thereby to adjust the piercing 
width of said jet. 

6. A jet piercing device according to claim 5 in which 
said area of flow of said outlet means is defined by 
three outlets extending in spaced relation longitudi 
nally of said nozzle and terminated in orifices disposed 
in triangular orientation. 
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