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@ Hydrauiic percussive machine.

@ In a hydraulic percussive rock drill, the bistable distri-
bution valve (31) for controlling the reciprocation of the pis-
ton hammer (13) has control chambers {41, 42) which, when
pressurized urge the distribution vailve to switch over. The
control chambers (41, 42) are pressurized through control
passages (43, 44; 47, 48) that end in the cylinder for the piston
hammer (13). An auxiliary valve {54) controls the control pas-
sages (43, 44; 47, 48). As soon as the distribution valve (31)
has shifted its position, the one of the control chambers (43,
44; 47, 48) that effected the movement of the distribution
valve (31) is drained through the auxiliary valve (54) so that
the distribution valve (31) is prepared for the next movement.
The rapid operation of the auxiliary valve (54) permits for the
selection of very short piston hammer strokes and high im-
pact frequencies.
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Hydraulic Percussive Machine

Background of the Invention

This invention relates to an hydraulic percussive machine,in
particular a rock drill, comprising 2 piston hammer reciprocable in
a cylinder for repetitively impacting upon an anvil, a distribution
valve coupled to an inlet, to an outlet and to a connection conduit
that leads to a cylinder chamber formed between the piston hammer
and the cylinder, said distribution valve having a first position
for pressurizing said connection conduit and a second position for
draining same, a first control piston surface in a first control
chamber arranged to switch over the distribution valve into said
first position when pressurized, a second control chamber arranged
to switch over the distribution valve into said second position when
pressurized, a piston hammer controlied first control passage
between the cylinder and said first control chamber for pressurizing
the latter when the piston hammer reaches a predeterminec position
and a piston hammer controlled second contre? passage between the
cylinder and said second control chamber for pressurizing the latter
when the piston hammer reaches a predetermined position.

Rock drills of the kind to which the present invention pertains are
described in EP-A- 35005. The combination of soft rock and a small
diameter drill bit requires 1ight blows whereas the combination of
hard rock and a big diameter drill bit requires heavy blows.
Therefore it is common to provide for a selection of the stroke
length for example as described in the above mentioned publication.
When the stroke length is reduced, the hydraulic line pressure is
usually increased in order to maintain a high impact power.

Normally, in a rock drill of the kind described above, the stroke cf
the hammer piston can for example be varied betweern 60 and 30 mm and
the impact frequency will then vary for example betweern 30 and 60
. Hz. However, high frequences and short strokes cannot be achieved.
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It is an object of the inventicn to provide an hydraulic percussive
machine e.g. a rock drill, in which the piston hammer can perform
short strokes at high fregquency. Another object is to permit

for a wide range of adjustment of the stroke. These objects are
achieved by the features defined in the characterizing part of claim
1.

Brief Description of the Drawings

Fig 1 is a circuit diagram of a percussive rock drill.

Fig 2 is a schematic longitudinal section through the front end of
the rock drill.

Fig 3 is a circuit diagram corresponding to Fig 1 but somewhat
simplified.

Figs 4-6 are diagrams corresponding to Fig 3 but showing some
movable parts in other pesitions.

Detailed Description

The rock drill illustrated on the drawings comprises a housing 11
forming a stepped cylinder 12 for a piston hammer 13 that has a
single Tand 14. A front cylinder chamber 15 and a rear cylinder
chamber 16 are formed between the cylinder 12 and the piston hammer
13. The annular front surface 17 of the land 14 is located in the
front cylinder chamber 15 and the annular rear surface 18 of the
land 14 is located in the rear cylinder chamber 16. The area of the
surface 18 is usually greater than the area of the surface 17. The
piston hammer is driven by the alternating pressure in the cylinder
chambers 15, 16. The piston hammer 13 impacts on an anvil formed by
the upper end face 19 of a drill string adapter 20 that is
operatively coupled to the drive shaft 21 of a nen-illustrated
hydraulic motor through a chuck 22 (Fig 2). The chuck 22 has a
bushing 23 that is in splined connection with the chuck. The adapter
20 has a widened portion 24 that is in splined connection with the
chuck bushing 23. The vear end faces of the splines of the widened
portion 24 of the adapter takes support on a recoil damping piston
26. The damping piston 26 is forced forwardly into its foremost
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position, in which it is shown, by the hydraulic pressure in a
cylinder chamber 27 that is constantly pressurized through a passage
28. The damning pistor 26 yields from its illustrated position if
the drill string and its adapter 20 recoils but it returns
immediately to its illustrated position because of the pressure in
the cylinder chamber 27. The actual design of the recoil damper can
advantageously be as described in EP-A-58650.

A distribution valve 31 with a valving spool 32 is connected to pump
(not shown) and to tank (not shown) through an inlet 33 and two
outlets 34 respectively, and it is connected to the front cylinder
chamber 15 and the rear cylinder chamber 16 through two connection
conduits 35, 36 respectively. The two outlets 34 can be coupled to a
common drain conduit that leads to the tank. The valving spool 32
has two plungers 37, 38 with end faces 39, 40 in control chambers
41, 42. The control chamber 41 is connected to eight discrete ports
into the cylinder 12 via a control passage 43, 44 that is branched
into eight branches forming the above mentioned discrete ports. Only
the two axially outermost branches 45, 46 are shown. The branches
between them are only indicated by their center lines (shown by
chain lines).

The control chamber 42 is also connected to eight discrete ports
into the cylinder 12 via a control passage 47, 48 that is branched
into eight branches forming the ports. Only the two axially
outermost branches 49, 50 are shown. The branches between them are
only indicated by their center lines (shown by chain lines). The
axial distances between the ports in the two sets of eight ports are
smaller than the diameter of the ports. Therefore, the branches are
arranged in three rows, but this is trivial and not illustrated in
the drawinas.

The two sets of branches 45, 46 and 49, 50 are controiled by a
selector valve in the form of an axially displaceable spool 51 with
two recesses 52, 53.There are non-illustrated means for holding the
spool 51 fixed in pre-selected axial positions. In Fig 1 the ports
of the two branches 45, 49 are selected to convey pressure signals
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from the cylinder chambers 15, 16 to the control chambers 41, 42, By
means of the axially discplaceable selector valve 51, another pair
of branches can be selected to convey the pressure signals. Thus, by
means of the selector valve 51, the length of the piston hammer
stroke can be pre-selected as described in EP-A-35005 and
EP-A-112810.

In the control passages 43, 44 and 47, 48 there is an auxiliary
valve 54 with a valving spool 55. The control passages thus
comprises portions 43 and 47 between the distribution vaive 31 and
the auxiliary valve 54, portions 44, 48 between the auxiliary valve
54 and the selector valve 51 and the two sets of branches 45, 46 and
49, 50 between the selector valve 51 and the cylinder 12.

The spool 55 of the auxiliary valve 54 has plungers 56, 57 with
piston surfaces 58, 59 in branches 60, 61 of the connection conduits
35, 36. A drain passage 62 leads from the auxiliary valve to the
tank. The drain passage 62 is not connected to the main drains 34.

The spool 32 of the distribution valve 31 has two annular piston
surfaces 62, 63, the areas of which are only a fraction of the areas
of the end faces 39, 40 of the plungers 37, 38. Bores 64, 65 in the
valving spool 32 lead to the annular piston surfaces 62, 63.

The opefation will be described with reference tc Figs 3-6. For
clarity, the selector valve 51 is not shown in the figures and only
the two branches 45, 49 of the two sets of branches 45, 46 and 49,
50 are shown, which are made operétive by the selector valve 51 when
the latter is fixed in its position shown in Fig 1. In Figs 3-6,
only a selection of the reference numerals of Fig 1 is shown.
Reference numerals which are nct necessary for the understanding of
the operation as described are left out.

In Fig 3, the piston hammer 13 has just struck the adapter 20. The
distribution valve spoal 32 is in its left hand position in which it
pressurizes the front cylinder chamber 15 through the connection
passage 35 and drains the rear cylinder chamber 16 through the
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connection passage 36. The auxiliary valve spool 55 is in its right
hand position because of the pressure actirg on its piston surface
58. In this position, it connects the two parts 43 and 44, 45 of the
control passage 43, 44 whereas it blocks the part 48, 49, 50 of the
control passage 47, 48 and connects the other part 47 to drain. The
distribution valve spool 32 is positively held in position because
of the pressure conveyed through the bore 65 and acting on its
annular piston surface 63.

Thus, the piston hammer 13 moves rearwardly (to the right in Fig 3)
after impacting on the adapter 20. When the hammer piston land 14
uncovers the port of the control passage 43, 44 as shown in Fig 4,
the pressure from the pressurized cylinder chamber 15 is conveyed to
the control chamber 41 of the distribution valve 31 so that the
distribution valve spool 32 switches over into its position shown in
Fig 5. In Fig 4, the distribution valve spool 32 is shown in the
middle of its movement. In its position shown in Fig 5, the
distribution valve 31 pressurizes the connection conduit 36. Since
there will be'pressure on the piston surface 59 of the auxiliary
valve spool 55 as soon as the distribution valve spool 32 has
switched over to its position of Fig 5, the auxiliary valve spool 55
will also switch over to its position of Fig 5 and drain the control
chamber 41. There will, however, be pressure on the holding surface
62 because of the bore 64 and the distribution valve spool 32 will
therefore be positively held in position.

Because of the pressure in the cylinder chamber 16, the piston
hammer 13 will decelerate to stop and then accelerate forwardly in
its working stroke. Just prior to impacting on the adapter 20, the
piston hammer 13 will uncover the port of the control passage 47, 48
as shown in Fig 6 and the pressure in the cylinder chamber 16 wil]
be conveyed to the control chamber 42 so that the distribution valve
spool 32 will switch over to its position of Fig 3. In Fig 6, the
distribution valve spool 32 is shown in its transient middie
position during its movement to the left in the figure. The pressure
will reach the cylinder chamber 15 just when the piston hammer 13
strucks the adapter 20. The auxiliary valve spool 55 switches again
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over to its position cf Fig 3 when the connection conduit 35 is
pressurized. The piston hammer 13 starts another returr stroke and
the cycle is repeated.

As described above, when one of the control chambers 41, 42 becomes
pressurized, the distribution valve spool 32 shifts position and
pressurizes one of the connection conduits 35, 36. Then, the rapid
auxiliary valve spool 55 shifts position so that it drains the
control chamber 41, 42 that was last pressurized and effected the
distribution valve 32 to shift position. Thus, the draining of one
of the control chambers 41, 42 takes place well in advance of the
pressurization of the other control chamber, which permits for a
high impact frequency and a selection of short piston hammer
strokes. The stroke is a direct function of which of the passages
45-46, 49-50 are opened by the selector valve 51. When the stroke is
short the impact frequency is high and vice versa. The stroke can
for example be varied beitween 7 mm and 60 mm by means of the
selector valve 51 when the pistor hammer is 40-60C cm lTong and weighs
for example 70 kg and the impact frequency can accordingly vary
between 150 Hz and 50 Hz. Since the branches 45-46 and 49-50 are not
used to drain the control chambers but are temporarily blocked by
the auxiliary valve spool 55, any pressure peaks occuring in the
cvlinder chambers 15, 16 when the latter are connected tc the tank
via the outlets 34 can not reach the control chambers 41, 42.
Therefore these pressure peaks can not influence the distribution
valve spool 32. Thus, the operation of the distribution valve 31
will be very reliable and the holding surfaces 62, 63 can be made
comparatively smali. |

In the described embodiment of the invention, the two cylinder
chambers 15, 16 are alternatingly pressurized and drained through
the distribution valve 31. Alternatively, one of the cylinder
chambers 15, 16 can be constantly pressurized whereas the
distributior valve 31 alternatingly pressurizes and drains the other
cylinder chamber in order to effect reciprocation of the piston
hammer 13. Then, the valve 54 can be arranged to drain both control
chawbers 41, 41 but it would also be possible to have the valve 54
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drain only the control chamber that opens into the alternatingly
pressurized cylinder chamber prcvided that the valve switching area
of this control chamber is greater than the corresponding area of
the control chamber ihat opens into the constanily pressurized
cylinder chamber. Also other modifications can be made within the
scope of the claims.
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Claims:

1. A hydraulic percussive machine, ir particular a rock driil,
comprising a piston hammer (13) reciprocable in a cylinder (12) for
repetitively impacting upon an anvil (20), a distribution valve {31)
coupled to an inlet (33), to an outlet (34) and to a connection
conduit (35, 36) that leads to a cylinder chamber (15, 16) formed
between the piston hammer (13) and the cylinder (12), said
distribution valve (31) having a first position for pressurizing
said connection conduit (35, 36) and a second position for draining
same, a first control chamber (41, 42) arranged to switch over the
distribution valve (31) into said first position when pressurized, a
second control chamber (41, 42) for switching over the distribution
valve (31) into said second position when pressurized, a piston
hammer controlled first control passage 43, 33; 47, 48) coupled
between the cylinder (12) and said first control chamber (41, 42)
for pressurizing said first control chamber when the piston hammer
(13) reaches a predetermined position and a piston hammer controlled
second control passage (43, 44; 47, 48) coupled between the cylinder
(12) and said second control chamber (41, 42) for pressurizing said
second control chamber when the piston hammer reaches a predeter-
mined postion, '

characterized by

valve means (54) arranged to drain the control chamber (41, 42),
that was pressurized last, in response to the distribution valve
(31) having shifted its position as a result of the pressurization
‘of said last pressurized control chamber (41, 42).

2. A hydraulic percussive machine according to claim 1,
characterized in

that said valve means (54) is arranged in said first and secend
control pessages (43, 44; 47, 48) and has a position in which it
holds said Tirst control passage (43, 44; 47, 48) open while
draining the part of said second control passage (43, 44; 47, 48)
that leads to the respective control chamber (41, 42) and blocking
the part of said second control passage (43, 44; 47, 48) that leads
to the cylinder (12), and another position in which it holds said
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second control passage (43, 44; 47, 48) open whi'e draining the part
of

said first -ontrol passage {43, 44; 47, 48) that leads to the
respective control chamber (41, 42) and blocking the part of the
first control passage (43, 44; 47, 48) that leads to the cylinder
(12).

3. A hydraulic percussive machine according to claim 1 or 2,
characterized in

that there are two of said connection conduits (35, 36) and two of
sajid cylinder chambers {15, 16), each connection conduit being
coupled to a cylinder chamber (15, 16) and the distribution valve
(31) is arranged to pressurize one of said connection conduits and
drain the other when in one of its positions and to drain szid one
of the connection conduits and pressurize the other when in jts
other position.

4, A hydraulic percussive machine according to claim 3,
characterized in

that said valve means (54) is arranged to be controlled by the
pressure in said two connection conduits (35, 36).

5. A hydraulic percussive machine according to claim 4,
characterized in

that said valve means (54) comprises a valve spool (55) having two
opposed piston surfaces (58, 59) for switching the spool between its
positions, each of said two opposed piston surfaces being coupled to
a respective one of said connection conduits (35, 36).

6. A hydraulic percussive machine according to any one of the
preceding claims,
characterized by

means (51; 45, 46; 49, 50) for preselecting the stroke of the piston
hammer {13).

7. A hydraulic percussive machine. comprising a piston hammer
(13) reciprocable in a cylinder (12) for repetitively impacting upon
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an anvil (20), a distribution valve {(31) coupled tc a pressure fluid
inlet (33), to a pressure fluid outlet (34) and to & connection
conduit (3%, 36) that leads to a cylinder chamber (15, 18} fcrmed
between the piston hammer (13) and the cylinder (12}, said
distributicn valve (31) having a first position for pressurizing
said connection conduit (35, 36) and a second position for draining
same, a first contrcl chamber (41, 42) coupled to tre distribution
vaive (31) for switching over the distribution valve (31) into said
first position when pressurized, a second control chamber (41, 42)
coupled to the distribution valve (31) for switching over the
distribution valve (31) into said second position when pressurized,
a piston hammer controlled first control passage (43, 44; 47, 48)
coupled between the cylinder (i2) and said first control chamber
(41, 42) for pressurizing seid first control chamber when the piston
hammer (12) reaches a predetermined position, and a piston hammer
cortroiled second control passage (43, 44; 47, 48) coupled between
the cylinder (i2) and said second control chamber (41, 42) for
pressurizing said second controi chamber when the piston haimer
reaches a predetermined position,

characterized by

valve means (54) arranged to drair at least one of the control
chambers (41, 42) in response to the distribution valve (31) having
shifted its position as a result of the pressurization c¢f said one
of the control chambers.

8. A hydraulic percussive machine, comprising a piston hammer
(13) reciprocable in a cylinder (12) for repetitively impacting upon
an anvil (20}, a distribution valve (31) for controlling the
reciprocation of the piston hammer (13) coupled to a pressure fluid
inlet (33), to a pressure fluid outlet (34) and to a connection
conduit (35, 36) that leads to 3 cylinder chamber (15, 1€¢) formed
between the piston hammer (13) and the cylinder (12), said
distribution valve (31) having a position for pressurizing said
connection conduit (35, 36) and a position for draining same, a
control chamber (41 or 42) coupled to the distribution valve (31)
for switching over the distribution valve (31) into one of iis
positions when pressurized, means (41, 45, 44 or 42, 47, 48) for
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switching over the distribution valve (31) into the other of its
position, and a piston hammer ccntrolled contrel passage (43, 44 or
47, 48) coupled between the cylinder (12) and said control chamber
(41, 42) for pressurizing said control chamber when the piston
hammer (13) reaches a predetermined position,
characterized by

valve means {54) arranged to drain said control chamber (41 or 42)
in response to the distribution valve (31) having shifted its
position as a result of the pressurization of said control chamber.
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