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(57) Abstract: The invention relates to a hammer that breaks rocks which have a large size in open pit mines and quarries. This hammer
can also be used for breaking boulders in rock slides in mountains presenting a risk for people and roads. These huge rock blocks
must be broken into small pieces to be convenient for further mechanical treatment or for removal. Another application of this hammer
is compacting soils to develop a solid earth surface as for a base for roads, airstrips or construction sites by a tamping operation in
civil engineering activities. Both applications of this hammer will be put into effect by high speed impact parts which will increase the
efficiency of operation. The driving system of the ram uses a solid fuel jet engine (2) which allows to handle a hammer with minimal
mass, which can be delivered to place inaccessible by heavy transport equipment. The solid fuel jet engine (2) also provides the ability
to strike at any angle in space.
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ROCK BREAKING HAMMER

Technical field to which invention relates :

The invention related to a rock-breaking hammer, which has a mechanical structure and driving
system that allow efficient breaking of large rock blocks from blasting activities in open pit
mines and quarries. It also can be used for demolition of boulders from landslides in mountains
that present a risk for local roads and people. These rock blocks must be broken in pieces in -
order to be convenient for further mechanical treatment or removal. Other application of this
hammer is for compacting soils to develop a solid earth surface as for a base for roads, airstrips
or construction sites by a tamping operation in civil engineering activities. Both applications of
this hammer will be put into effect by high speed impact parts which will increase multifold the
efficiency of operation.

Relevant prlor art

There are two types of breaking hammers — one-shot and multi-shot. Multi-shot hammers use
hydraulic or pneumatic unit for driving the impactpart and perform multifold shots.These
hammers are suitable for breaking artificial materials like concrete, brickwork and asphalt, but
are not effective against massive boulders with high impact strength like gramte andesite, etc.
Technical problem to be solved

One-shot hammers break rocks with one or two blows of the impact part, which is raised
vertically by hydraulic unit and at its free fall vertically hits the rock block. It is obvious that the
higher power of this hammer is connected with its high mass. The significant mass of this
hammer require heavy transport equipment, for example chain machinery, weighing several
tonnages.These requirements not only make this hammers expensive, but also render them
unusable for non-accessible places. Moreover, they may execute a breaking shot only vertically
which is not always convenient or possible.

A common disadvantage of multi-shot and one-shot hammers is the low speed of their impact
_parts which reduces their overall efficiency. \

Disclosure of the invention

The purpose of this invention is to engineer a hammer for breakmg rocks with hlgh speed of the
hammer ramplus making shots at any angle in space while having a light construction. Its light
weight construction should make easier to operate with this hammer and should allow the use of
ordinary transport equipment. Fordifficult of access places the above hammer may be delivered
by truck crane with very long arrow, by truck with hydraulic system used for concrete transport,

by helicopter or by drone.

Advantageous effects of invention

The task has been solved by designing a hammer with impact part driven by repeatedly usable
reactive engine with hard fuel, as well as by reactive engine with liquid fuel.The hammer is
housed in the hammer structure, which is comprised of a guiding tube reinforced with a top and a
bottom plate. A rigid n-shaped brace is provided along the length of the pipe, which provides for
the orientation of the hammer-edgethat is attached to the hammer ram by means of a "swallow
tail" and a wedge.The n-bar is made up of a rod which at its lower end has a movable stop with a
roller that moves on the inside of the n-bar. At its upper end, this rod is connected by a console
with the piston rod to a hydraulic cylinder located on the outside of the guide tube. The hydraulic
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cylinder is fixedtogether with a hydraulic station to the bottom plate of the guide tube.Below the
bottom plate there is a limiter, which is a plate with an opening through which the hammer-
edge(attached under the hammer ram) pass freely. Around the hole of the limiter there are
circumferential bolts with strung pressed springs that rest on the limiter. The Reactive Engine is
mounted fixed to the upper face of the hammer ram by means of two pins fixed opposite to its
lower part which engage in a groove of the engine bed in the impactor. The Reactive Engine is
charged before each impact with solid fuel, most commonly in the form of hollow cylindrical
checkers. The combustion of solid fuel is electric. The reactive engine performs a rapid and
_ effective acceleration of the impact part at a high impact rate of up to several times higher than
that of the multi-shot and one-shot hammers.High impact velocity provides very effective
fragmentation of rock blocksincluding rocks with the highest strength. The combined action of
the inertial forces of the accelerated to high velocity hammer ram and the thrust of the jet-
powered engine creates a rock-breaking effect that is not matchedby existing hammers.The
Reactive Engine also provides the ability to strike at any angle in space. The reactive drive
provides a small mass of the hammer and its convenient operation. At the lower part of the
hammer ram is mounted a hammer-edgeby a !'swallow-tail" and a wedge. Theshape of the
hammer-edgeis formed by two flat sides, the striking edge being sharp or rounded. The hammer
is mounted vertically, inclined or horizontally fixed on a metal platform (frame), which is fixed,
for example, to the place of the bucket of a wheel loader.

In other embodiments the hammeris mounted to the arrow of a chain or wheel excavator.

In other embodiments the hammer is mounted to the arrow of a truck crane.

In another embodiments, the hammer is attached to the hydraulic system of the concrete pump
truck. ’

In another embodiments, the hammer with two hooks and ropes is hinged horizontally under a
transport helicopter, airship or drone. '
In'another embodiment, the hammer-edgeis a wedge with protruding arcuate sides. The arcs may
be parts of a circle, spiral, parabola, or other geometric curve

In another embodiment, the hammer-edge has a wedge with inwardly arched edges.

In another embodiment, the hammer-edge is in the shape of a straight-forming cone.

In another embodiment, the cone of the hammer-edge is spheroidal, i. e. with a curved protruding
arc forming. '

In another embodiment, the cone of the hammer-edge has an inward concave arc forming.

In another embodiment, the hammer-edge has the form of a triangular pyramid with three flat
triangular sides.

In another embodiment, the hammer-edge has the shape of a spheroidal tetrahedron with
protruding sides -

In another embodiment, the hammer-edge has the shape of a spheroidal tetrahedron with
protruding sides.

In another embodiment, thehammer-edge has the shape of a spheroidal tetrahedron with inwardly
concaved sides .

In another embodiment, the hammer-edgeis formed as a cylinder whose upper end has a convex
spherical surface, and below it has an anvil consisting of two cylinders, the upper cylinder
having a diameter greater than the diameter of the hammer-edgeand its face having a concave
spherical surface. The diameter of the spherical surfaces of the hammer-edgeand the anvil is the
same or different. The lower part of the anvil is a short cylinder with a diameter larger than that
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of its upper part, with ribs fixed around it with holes in them. The anvil is placed on a land
surface.

Description of at least one way of carrying out invention with reference to drawing(s)

A preferred embodiment of the invention is shown in the accompanying drawings, wherein:

- FIG.1. is sectional view E-E in FIG.2 rock-breaking hammer.

- FIG.2 isatop view A in FIG.1.

- FIG.3 is a partly sectioned view B-B inFIG.2.

- FIG.4 is a partly sectioned view C-C in FIG.2.

- FIG. 5 is a somewhat schematic section view of a stop in the position to start lifting the
ram in an upper starting position

- Fig. 6 is a somewhat schematic section view of a stop in the position after the ram is in a
position to strike.

- FIG.7 isaview of hammer-edge shaped as a wedge with two flat sides.

- FIG. 8 is aview of a hammer-edgeshaped as a wedge with two curved protruding sides.
- FIG.9 is a hammer-edgeshaped as a wedge with two concave inwardly arched edges.

- FIG.10 is a view of a hammer-edge shaped as a right circularcone.

- FIG. 11 is a view of a hammer-edgeshaped as acone with an outwardly arcuate formation.
- FIG. 12 is a view of a hammer-edge shaped as a cone with an inward concave arc
forming. \

- FIG. 13 is a view of a hammer-edge shaped as a triangular pyramid with three flat
triangular sides.

- FIG. 14 is a viewof a hammer-edge shaped as a spheroidal tetrahedron with three
protruding sides.

- FIG. 15 is a view of a hammer-edgeshaped as a spheroidal tetrahedron with three
concave sides.

- FIG. 16 is a view of a hammer-edge shaped as a a cylinder with a convex spherical
surface and an anvil against it, the upper part of which has an inwardly spherical surface.

- FIG. 17 is a sectioned view of a section of the upper part of the ram with a jet engine
housed therein.

- FIG. 18 is a top view in Fig, 17 of the upper part of the ram with a jet engine housed
therein.

Embodiments of the invention
The rock-breaking hammer is better illustrated by the following examples. The hammer structure
includes a guide tube 4 which is reinforced at both ends by an upper plate 1 and a bottom plate 9,
Fig. 1. The hammer ram 6 is housed in the tube 4, with a solid fuel jet engine 2 disposed at its
upper end, and at its lower end fixed to the cylinder 8 by means of the "sword tail" and a wedge
7. The hammer-edge8 has an edge which is formed from two flat sides 34 and which may be
sharp or rounded. In its middle part, the hammer ram 6 is narrowed with a curvature 5 formed
over the entire circumference of the hammer ram 6 without the flat chamfering 17. A
fixeddouble-bend iron bar 15 is provided along the guide tube 4 which serves as a orientation of
the edge of the hammer-edge8, for which purpose the hammer ram 6 is flatly sloped along its full
“length by a plate 17, Fig. 2.Below the bottom plate 9 a limiter 11 which is a plate with an
opening large enough to pass through the hammer-edge 8 is fastened by means of circumferential
bolts 10 with, spring-loaded springs 12. To the upper plate 1 are fixed two plates 19 for which
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two tubular housings 14 are fixed with bottoms in which bolts 13 are screwed. Cranks 21 are
mounted in the housing 14 and the freewheel cylindrical rollers 20 are mounted on the forks 21,
The radii of the rollers 20 are the same as the radius of the curvature 5 of the hammer-edge 6.
Against the housings 14 in the guide tube 4 there are cut openings 24 through which the rollers
20 reach friction-tight contact with the curvature 5 of the hammer-edge 6. The cups 14 are also
provided with cups 23 in which the bolts 13 abut, and between the cups 21 and cups 23 there are
arranged springs 22, Fig. 3. Hydraulic station 16 and hydraulic cylinder 27 are mounted on the
bottom plate 9 on the outside of the guide tube 4, and Fig. 4.The piston rod 26 of the hydraulic
cylinder 27 ends at its upper end with a bracket 3'for which a rod 25 fixed to the double-bend bar
15 is secured. The abutment 28 is supported at the lower end of the rod 25. The support28 is
pivoted around an axle 29, which is mounted at the lower end of the rod 25, Fig. 5.At the other
end of the support28, a roll 31 is mounted which rotates about an axle 30 also mounted on the
support 28. For the support28 adjacent to the roller 31, one end of the spring 32 is engaged and
the other end of the spring 32 is secured to the ring 33 mounted on the rod 25.

In another embodiment, the hammer-edge 35 is a wedge formed by two arcuate outwardly
projecting sides 36, Fig. 8.

In another embodlment the hammer-edge 37 is a wedge of two recessed inwardly arcuate sides
38, Fig. 9.

In another embodiment, the hammer-edge 39 is a cone-shaped form, Fig. 10.

In another embodiment, the hammer-edge 40 is a spherical cone formed by an outwardly arcuate
formation 41, Fig. 11.

In another embodiment, the hammer-edge 42 is a cone with an inwardly concave arcuate form
43, Fig. 12.

In another embodiment, the hammer-edge 44 i is in the form of a triangular pyramid with three
flat triangular sides 45, Fig. 13.

In another embodiment, the hammer-edge 46 is in the form of a spheroidal tetrahedron with
outwardly projecting sides 47, Fig. 14.

In another embodiment, the hammer-edge 48 is in the form of a spheroidal tetrahedron with
inwardly concaved sides 49, Fig. 15.

All hammer-edges may have sharp or rounded edges and peaks.

In another embodiment, the hammer-edge 50 is formed as a cylinder whose face has a convex
spherical surface 51, and below the hammer-edge 50 there is an anvil consisting of two
~ cylinders, the upper cylinder 56 having a diameter larger than the diametet of the hammer-edge
50 and its face has a concave spherical surface 57.The spherical surfaces 51 and 57 are of the
same or different radius. The lower part of the anvil is a short cylinder 53 with a diameter greater
than the diameter of the upper cylinder 56. Ribs 55 with holes 54 are arranged circumferentially.
The upper cylinder 56, the lower cylinder 53 and the ribs 55 are fixed to one another and form
the anvil which is placed on the ground 52, Fig. 16..The openings 54 are for facilitating the
removal of the anvil with a truck cranewhen there is sinking into unstable soil.

Two identical cylindrical pins 18 are oppositely, attached to the casing of the jet engine 2, Fig.
17. In the upper part of the hammer ram 6 there is a blindopening 60 in which part of the jet of
the jet engine 2 is located. A circular ring 58 is formed around the deeper opening 60. The two
pins 18 enter the ring-shaped channel 58 through both grooves 59, Fig. 18. "

The rock-breaking hammer works in the following way:

Hydraulic unit 16 is supplied with an electric current through a cable. The hydraulic cylinder 27
drives the piston rod 26 upwards. The console 3 also drives the rod 2.5 upwards. The roller 31,
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which pivots on the axle 30 secured to the support28, meets the end of the double-bend bar 15
and starts to rotate about its middle plane.

By moving the roller 30, the support28 is pivoted about the axle 29 which is attached to the
lower end of the rod 25. The support 28 raises the ram 6 together with the hammer-edge 8 and
the wedge 7 mounted thereto to reach the rollers 20 which are fastened to forks 21. The force of
the springs 22 is overcome and the upper part of the ram 6 extends over the rollers 20.

At that moment, the movement of the piston rod 26 and the associated rod 25 stops, and the
rollers 20 pass through the holes 24 in the guide tube 4 to a tight contact with the curvature 5 of
the ram. The springs 22 between the forks 21 and the cups 23 are tightened by the bolts 13, so as
to retain the mass of the mass 6 with all the elements attached to it.The piston rod 26 is returned
to the hydraulic cylinder 27 and the rod 25 is returned to it again. At the end of the rod 25, the
roller 30 comes out of contact with the center plane of the double-bend bar 15 and under the
action of the spring 32, thesupport 28 stands vertically. The Reactive Engine 2 is charged with
solid fuel and an electric igniter not shown in the figures and placed in the blind hole 60 in the
upper portion of the ram 6.

Upon insertion of the engine 2, its two pins 18 enter the grooves 59 and reach the ring-shaped
groove 58 and the bottom of the engine 2 reaches the bottom of the blind hole 60. The reactive
engine 2 is rotated manually about 90 degrees and thus secures its attachment to the ram 6. The
electric igniter is connected to an electrical power source with an electrical cable. For example,
with the help of a crane, the hammer is placed on the rock block, that is selected for breaking.
Electric current is supplied to the electric igniter and the solid fuel is ignited. In combustion of
the solid fuel a reactive thrust is created which overcomes the force of the two springs 22 and the
rollers 20 extend out of the holes 24 in the tube 4. Then, under the action of the reactive force of
the motor 2, the ram 6 is driven by the pipe 4 and réaching a high speed itstrikes destructively on
the rock block.

The limiter 11 prevents the ram 6 from coming out of the tube 4. The solid fuel charge provides
the reactive thrust of the engine 2 and during the impact on the rock block itself. This results in a
unique combined impact that is very effective in breaking down rocks. For the next impact on a
rock block repeat the described actions. For various materials and minerals of the broken rock
blocks there are various options of the described forms of the bottle 8, Fig. 7, Fig. 8, Fig. 9, Fig.
10, Fig. 11, Fig. 12, Fig. 13, Fig. 14, Fig. 15.

For the stabilization of unstable soil there are two options of the proposed hammer. In the first
embodiment, an impact by hammer ram 6 is applied to the soil 52 and a hammer-edge 50
mounted thereon, whose face 51 has a spherical surface convex outwardly. In the second
embodiment, an anvil consisting of cylinders 56 and 53 is provided on the soil 52, the upper
cylinder 56 having a concave spherical surface 57. The hammer is placed by a truck crane on the
" anvil and is struck by the hammer-edge 50 on the anvil. In the second option, a larger surface
area is expected to be stabilized.
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Claims “ v
What is clalmed is: ‘
1. A rock-breaking hammer comprising:

a hammer ram with a flat chamfering (17) along the entire length and assembled with a
hammer-edge (8) with a wedge (7) is housed in a guide tube (4) with a rigidly mounted double-
bend bar (15) and reinforced with an upper plate (1) and a lower plate (9) mounted on a limiter
(11) with circumferentially spaced bolts (10) with spring (12);

a solid fuel jet engine (2) is mounted at the upper part of the guide tube (4) the engine being
mounted with two pins (18) fixed to the housing ; the fixed pins (18) Wthh enter the grooves
(59) to the ring-shaped groove (58) and are rotated by 90 °;

also in the upper part of the ram (2); a circumferential curvature (5) is formed in which two
opposing rollers (20), which are fastened to the forks (21), which together with cups (23) two
housings (14), which are fastened to plates (19);

between the forks (21) and cups (23) there are springs (22) which are tensioned by bolts (13), a
rod (25) being provided in the double-bend bar (15), which in the lower part reach a support 28)
with a roller (31)-that rotates on an axle (30), and the support (28) itself rotates on an axle (29)
located on the rod (25);

support (28) is connected with a spring (32) to a ring (33) mounted on the rpd (25), in the upper
end the rod (25) is fastened to a bracket (3) to the piston rod (26) of the hydraulic cylinder (27);
the hydraulic cylinder (27) is assembled with the hydraulic unit (16) over the lower plate (9).

2. A rock-breaking hammer according to claim 1, characterized in that the hammer-edge (8)
is-wedge-shaped with two flat sides (34).

3. A rock-breaking hammer according to claim 1, characterized in that the hammer-edge
(35) is a wedge formed by two arcuate protruding outward sides (36). '

4. A rock-breaking hammer according to claim 1, characterized in that the hammer-edge
(37) is a wedge of two concave inwardly arcuate sides (38).

5. A rock-breaking hammer according to clalm 1 characterized in that the hammer-edge
(39) is in the form of a right cone.

6. A rock-breaking hammer according to claim 1, characterized in that the hammer-edge
(40) is a spherical cone formed by an outwardly arc-formation (41).

7. A rock-breaking hammer according to claim 1, characterized in that the hammer-edge
(42) is a cone with an inwardly concave arc-formation (43).

8. A rock-breaking hammer according to claim 1, characterized in that the hammer-edge
(44) is in the form of a triangular pyramid with three flat triangular sides (45).

9. A rock-breaking hammer according to claim 1, characterized in that the hammer-edge
(46) is in the form of a spheroidal tetrahedron with protruding outward sides (47).
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10. A rock-breaking hammer according to claim 1, characterized in that the hammer-
edge(48) is in the form of a spheroidal tetrahedron with inwardly concaved sides (49).

11. A rock-breaking hammer according to claims 1 to 10, characterized in that all the edges
and tips of the hammer-edges are sharp or rounded.

12. A rock-breaking hammer according to claim 1, characterized in that the hammer-edge
(50) is formed as a cylinder where its face has a spherical surface (51) and under the hammer-
edge there is an anvil formed by two cylinders , the upper cylinder (56) having a diameter greater
than the diameter of the hammer-edge (50) and its face having a concave spherical surface (57),
asthe spherical surfaces (51) and (57) are of the same or different radius, and the lower part of
the anvil is a-short cylinder (53) with a diameter larger than the diameter of the upper cylinder
(56), on which there are circumferentially made ribs (55) with openings (54).
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