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1

HYDRAULIC FLUID ACTUATED PERCUSSION
' ‘TOOL

BACKGROUND OF THE INVENTION .

This invention relates to hydraulic fluid actuated per-
cussion tools of the type which comprises a hammier
which reciprocates in a cylinder and is arranged to pro-
vide shock energy in a chisel, a drill rod or the like. Par-
ticularly it relates to a tool which has a hammer piston
controlled distributing valve arranged to pressurize and
drain alternately two pressure chambers formed be-
tween the cylinder and the piston so as to reciprocate
the hammer piston.

The flow which is necessary to provide the reciproca-
tory movement of the hammer piston varies periodi-
cally with the velocity of the piston and the position of
the valve. As the source of pressurized hydraulic fluid
is usually used a positive displacement pump, the flow
of which cannot be varied in time with the movement
of the piston. In prior art, the periodical variation of the

flow is compensated by means of a hydraulic fluid ac-

cumulator in the conduit for supplying fluid to the
valve. When; during a return stroke;, the valve shifts to
connecting the mentioned second pressure chamber to
the source of pressurized hydraulic fluid, fluid will then
be urged through the valve and out into the accumula-
tor. Therefore, the flow through the valve will momen-
tarily be much larger than the flow delivered by the
pump, and the fluid friction losses in the valve can be
considerable.

It is an object of the.invention to provide an effective
pressurized - hydraulic- fluid driven percussion tool in
which kinetic energy is absorbed from the hammer pis-
ton during a part of the return stroke and returned to
the hammer piston during the work stroke, and in
which the fluid friction losses are small.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described in more details with

reference to-the accompanying drawings in which an

‘embodiment of a percussion tool according to the in-
vention is shown as an example

In the ﬁgures FIG. 1'is a longitudinal section along
line 1—1 in FIG. 2 through the percussion tool, FIG. 2
is a transverse section along line 2—2 in FIG. 1, FIG.
3 is a fragmentary longitudinal section along line 3—3
in FIG. 2, FIG. 4 is an alternative design of some details
shown in FIGS. 1-3, and FIG. 5 is a circuit diagram of
the percussion tool shown in FIGS. 1-3. Corresponding
details have been given the same reference numeral in
the various figures.

The percussion tool shown in the figures is made as
a rock drill which consists of a housing 10 which consti-
tutes a cylinder 11 for a reciprocating hammer piston
12. It is to be understood that the expression ‘““cylinder”
is used in the claims and in the specification to define
the chamber in which the hammer piston reciprocates,
and that the cylinder is not limited to have a straight cy-
lindrical form, but may for instance have stepped por-
tions. The hammer piston consists of a cylindrical rod
with two piston portions 13, 14 having piston surfaces
15, 16. These piston portions have annular pressure
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and the portion that extends forwardly from the piston
portions 13 is denoted by 125. The rod portion between
the piston portions 13, 14 is denoted by 12¢. A sleeve
17 is arranged in the forward end of the housing 10 so
as to receive a shank 18 of a drill string 19 (shown as
a drill steel). The sleeve 17 has internal splines and the

“shank 18 has mating external splines so that the drill
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string will rotate conjointly with the sleeve. A pressur-
ized hydraulic fluid driven rotary motor 20, e.g. a slid-
ing vane motor, is attached to the housing 10 and it has
a drive gear 21 which rotates the sleeve 17 over a gear
22 which is partly concealed in FIG. 1. Flushing fluid
is'supplied to the axial hole of the drill rod 19 through
a swivel 23 which is slipped onto the shank 18. The
shank 18 can be moved into the sleeve 17 to abut
against the axially movable anvil block 24 ‘which then
moves to a rear stop position as shown in FIG. 1, The
anvil block is an anvil to the hammer piston 12 but it

-~ could be omitted and the end surface of the shank 18
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be-an anvil to the hammer piston. A rear annular pres-
sure chamber 25 is defined by the cylinder 11, the rod
portion 124, the piston surface 16 on the piston portion
14, and the front surface of a sealing ridge 26. The oil
that leaks -through the circular clearance space be-
tween the sealing ridge 26 and the rod portion 124 is
collected in a circular groove 27 which, -as shown in
FIG. §, may be drained directly to tank through a con-
duit not shown, but, advantageously, it is drained by
means of a pump so that there will be suction in the
groove. By this arrangement the fluid is prevented from
leaking to the closed end chamber 28 which encloses
the rear end of the rod portion 124. The cylinder 11 has
another circular groove 29 to which an accumulator 30
is connected by means of a passage 31. By means of a
passage 33, another accumulator 32 is connected to the

" cylinder 11 at the rear of the pressure groove 29.

A forward annular-pressure chamber 34 is defined in
the same way by the ¢ylinder 11, the rod portion 12b,
the piston surface 15 on thé piston portion 13, and the .
rear surface of a circular sealing ridge 35, Advanta-

‘geously; a collecting groove 36 is drained in the same

" way as the collecting groove 27. Outside the colle¢ting
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equalizing grooves (shown in FIG. § only) which im- .

prove the centering in the cylinder and counteract
oblique load of the piston if such load should occur.
The portion of the hammer piston that extends rear-
wardly from the piston portion 14 is denoted by 12a,

65

grooves 27, 36 sealing rings are disposed so as to seal
against the hammer piston. An accumulator 38 is con-
nected to a circular pressure groove 37 by means of a
passage 39. Each of the accumulators 30, 32, 38 has a
spring-loaded piston 40 which is slidable in'a cylinder.
The pistons 40 of the accumulators 30, 38 are loaded
by a common spring unit 41 formed by a pile of Belle-
ville-springs braced between the piston. The piston of
the accumulator 32 which is also identified by refer-
ence numeral 40 is loaded by a pile of Belleville-springs
32aq.

A distributing valve in the form of a slide 42 is sup-
plied with pressurized hydraulic fluid through a supply
conduit 43. An accumulator 44 is permanently con-
nected to the supply conduit 43 so as to receive the hy-
draulic fluid that is supplied when the slide 42, as
shown in FIG. 2, blocks the supply conduit 43 for a
short- moment when shifting position. The accumulator
44 is so loaded that it is substantially inactive at the
pressures at which the accumulators 30, 38 are active.
In FIG. §, the various passages of the housing 10 are
schematically illustrated. The above mentioned accu-
mulators 30, 32, 38, 44 are in this figure shown as gas
pressure loaded accumulators. The inlet 43 leads to an
annular inlet chamber 45 in the cylinder of the valve.
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The cylinder of the valve has also two annular outlet
chambers 46, 47 to which return conduits 48, 49 are
connected. These return conduits lead to a non-
illustrated sump from which a non-illustrated positive
displacement pump sucks hydraulic fluid so as to sup-
ply the supply conduit with a constant flow of pressur-
ized hydraulic fluid over a non-illustrated control valve.

With the slide 42 in its righthand end position (FIG.
5), pressurized hydraulic fluid is supplied to the rear
pressure chamber through a combined supply and
drain passage 50 while the forward pressure chamber
34 drains to the return conduit 49 through another
combined supply and drain passage 51. With the slide
42 in its non-illustrated lefthand end position, pressur-
ized hydraulic fluid is instead supplied to the forward
pressure chamber 34 through the passage 51 simulta-
neously as the rear pressure chamber is draining
‘through the passage 50.

The slide 42 has projecting end portions 52, §3, the
end surfaces 54, 55 of which are actuated by the pres-
sure in control passages 56, 57 which end in the cylin-
der 11. The terminate portion 52 has an annular piston
surface 58 which is actuated by the pressure in the pas-
sage 50 via a passage 59 in the slide, and the end por-
tion 53 has a similar piston surface 60 which is actuated
by the pressure in the passage 51 via a passage 61 in the
slide. The piston surfaces 58, 60 constitute holding sur-
faces and are therefore of smaller area than the end
faces 54, 55 which constitute shifting surfaces.

The control passage 56 has five branches which end
in the cylinder 11. The reference numeral 56a denotes
one of these branches. The pin 63 can be set into vari-
ous positions so as to block one or several of these
branches. By reason of this arrangement, the rear point
of reversal of the piston and consequently the percus-
sion energy per blow can be varied. By means of a lock-
ing screw 64 (FI1G. 3), the pin 63 can be locked in the
various positions. A passage 65 is connected to drain,
suitably as shown in FIG. 2, to one of the annular cham-
bers 46, 47, so as to constantly drain the space between
the piston portions 13, 14. Thus, one of the control pas-
sages 56, 57 will always be drained through this passage
65 when the other one of these contral passages is sup-
plied with pressurized hydraulic fluid. ’

The operation will now be described with reference
to FIG. 5.

Assume that the slide 42 is in the position shown in
FIG. 5 so that the rear pressure chamber 25 is supplied
with pressurized hydraulic fluid and the forward pres-
sure chamber 34 is being drained. Assume further that
the hammer piston 12 is moving forwards. The pin 63
blocks the three right branches of the control passage
56. In the position in which the hammer piston 12 is
shown in FIG. 5, the control passage 57 is being
drained through the draining passage 65 and the con-
trol passage 56 has been drained into the forward pres-
sure chamber 34 all the way until the piston portion 13
has covered the branch 564 of the passage 56. The slide
42 is positively retained in its position because the pres-
sure in the supply passage 50 is transmitted to the hold-
ing surface 58 of the slide. As the hammer piston 12
continues its forward movement (to the right in FIG.
§), the control passage 56 is again opened to its drain-
ing position, in this case to the drain passage 65. There-
after, when the piston portion 14 passes the mouth of
the control passage 57, its opens the latter to the rear
pressure chamber 25 from which the pressure is con-
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veyed through the control passage 57 to the end face
85 of the slide. Now, the slide shifts to its non-
illustrated position (to the left in FIG. 5) so that the for-
ward pressure chamber 34 is pressurized while the rear
pressure chamber 25 is drained. This takes place just
before the hammer piston strikes the anvil block 24 and
the hammer piston 12 does not retard appreciably be-
fore delivering the blow. The hammer piston 12 re-
bounds after the inpingement, but the flow of pressur-
ized hydraulic fluid supplied through the supply pas-
sage 51 to the forward pressure chamber 34 is at the
beginning larger than what can be received by the pres-
sure chamber. Therefore, the accumulator 38 receives
fluid at the beginning, but when the hammer piston 12
has reached the speed which corresponds to the fiow
supplied by the pump, the accumulator 38 starts dis-
charging to the pressure chamber 34 and thus further
increases the speed of the hammer piston 12. The slide
42 remains in its lefthand position because the pressure
in the supply passage 51 is conveyed to the holding sur-
face 60 of the slide. The control passage 57 is already
in communication with the drain passage 65 when the
piston surface 15 of the piston portion 13 passes the
branch passage 56a of the control passage 56 so that
the pressure of the forward pressure chamber 34 is
transmitted through the control passage 56 to the end
face 54 of the slide. The slide 42 shifts therefore into
its righthand position (shown in FIG. 5) where it re-
mains because of the fluid pressure upon the holding
surface 58. Pressurized hydraulic fluid is now supplied
from the inlet 43 to the rear pressure chamber 25 and
the hammer piston 12 retards due to the hydraulic fluid
pressure upon the piston surface 16. The accumulator
30 now receives the hydraulic fluid flow supplied
through the supply conduit 50 as well as the hydraulic
fluid that is forced out from the pressure chamber 25
because of the rearward movement of the hammer pis-
ton 12 which decreases the volume of the pressure
chamber 25. During normal return strokes, the ham-
mer piston 12 reverses its movement because of the
pressure in the rear pressure chamber 25 before mov-
ing so far to the rear that the piston surface 16 reaches
the rear edge of the groove 29, and the accumulator 30
is therefore continuously in communication with the
pressure chamber 25. The accumulator 32 is so loaded
as to be inactive during this operation. The accumula-

_ tor 30 is also supplied with pressurized hydraulic fluid
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during the first part of a work stroke since the pressur-
ized fluid flow through the supply passage 50 is larger
at the beginning than what the pressure chamber 25
can receive. However, when the hammer piston 12
reaches the speed that corresponds to this supplied
flow, the accumulator 30 starts instead to supply pres-
surized hydraulic fluid to the pressure chamber 25 and
thus increases the speed of the hammer piston further.

Thus, kinetic energy of thé hammer piston from the
return stroke is stored in the accumulator 30 and this
energy is delivered back to the hammer piston during
the succeeding work stroke.

If the drill rod shank 18 should not be pressed against
the anvil block 24 or if no shank 18 should have been
inserted through the sleeve 17, then the hammer piston
will not rebound even if the anvil block 24 should hap-
pen to be in the rear position, but the hammer piston
will then pass by its normal forward point of reversal
and its piston surface 15 will pass by the groove 37 so
that the accumulator 38 and the supply passage 51 both
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are shut off from the forward pressure chamber 34
which now acts as a damping chamber. However, the
supply passage 51 is still in communication with the ac-
cumulator 38 through the pressure groove 37. The
pressure in the pressure chamber/damping chamber 34
is now instantaneously increased for instance to a pres-
sure two or three times the pump pressure. Thereby,
hydraulic fluid flow is forced to the rear through the
clearance space between the piston portion 13 and the
cylinder 11 and out into the pressure groove 37. Simul-
taneously the slight amount of hydraulic fluid which
passes by the sealing ridge 35 out into the collecting

groove 36 is increased. The hammer piston 12 will

therefore be braked to a quiet but cushioned stop.
Owing to leakage past the piston portion 13 from the
pressure groove 37 to the pressure chamber 34, the
hammer piston 12 will then move slowly rearwardly
until the piston surface 15 reaches the pressure groove
37, whereupon the hammer piston 12 starts to acceler-
ate to its normal return stroke.

The hammer piston 12 may get an exceptionally hard
rebound from the anvil block 24 after certain impacts.
This happens especially if the percussion tool is used as
a feather and wedge device for splitting a stone block.
If the percussion energy in a specific blow is too small
to split the stone block, as much as 80 percent of the
percussion energy may be returned to the hammer pis-
ton as kinetic energy. This results in the speed of the
hammer piston 12 being so high that the piston surface
16 passes the pressure groove 29, and thus the accumu-
lator 30 and the supply passage 50 both become closed
off from the rear pressure chamber 25. However, the
supply passage 50 will still be in communication with
the accumulator 30 by means of the pressure groove
29. The two accumulators 30 and 38 should have level
characteristic curves since they are connected to the
inlet 43 from the pump.all the time they are active;i.e.

they should be so loaded that the hydraulic fluid pres-

sure therein increases slowly with the accumulated hy-
draulic fluid amount. The accumulator 32, on the other
hand, can preferably have a very steep characteristic
curve and, furthermore, it may be so loaded that it is
inactive until the point where the pressure in the pres-
sure chamber substantially exceeds the pump pressure.
As a result, the pressure in the pressure chamber 25 in-
creases instantaneously to a degree which for instance
may be twice the pump pressure when the piston sur-
face 16 passes the pressure groove 29 before the accu-
mulator 32 starts receiving any hydraulic fluid. The re-
sult is that the hammer piston 12 is braked to a stop
very rapidly, but with a cushioned effect, by the accu-

mulator 32, and this braking energy is returned to the

hammer piston 12 in the succeeding work stroke.
Therefore, the hammer piston 12 will now transmit to
the anvil block a percussion energy, which is considera-
bly larger than that of a normal blow. The distance of
the piston travel will not be substantially increased be-
cause of the high braking pressure in the accumulator
32.

The advantage of this automatic and very large in-
crease in percussion energy when a normal stroke is not
sufficient is very important especially in connection
with large crushers or rams designed to be mounted on
the arm of a digging machine or the like. The rotary
motor 20 is of course not necessary in a crusher or ram
according to the invention, but the attachment of the

20

25

30

35

40

45

3,741,072

6

work tool can be simplified compatred with the attach-
ment of the drill shown in the figures.

According to the invention, the two accumitlators 30
and 32 can be replaced by a two-stage accuriulator
which, instead of the accumuldtor 32, is connected to
the passage 33. Such a two-stage accumulator is sche-
matically shown in FIG. 4. The spring 66 corresponds
to the spring which loads the accumuldtor 30, and the
spring 67 corresponds to the spring which loads the ac-
cumulator 32.

The invention can also be varied in other ways within
the scope of the claims. -

What I claim is:

1. A hydraulic fluid actuated percussion tool com-
prising a housing forming a cylinder, a hammer piston
reciprocable in the cylinder between a forward percus-
sion stroke and a rearward rebourid stroke to deliver
percussion energy to a work tool; a first variable vol-
ume pressure chamber in said cylinder for urging the
piston forward duting the percussion stroke defined be-
tween the piston and the cylinder, a second variable
volume pressure chamber in said cylinder for urging
the piston rearward during the rebound stroke defined
between the piston and the cylinder, valve méans con-
nected to a source of pressurized hydraulic fluid and to
said first chamber by first passage means and to said
second chamber by second passage means for cycli-
cally pressurizing and draining said chambers to recei-
procate the hammer piston, a first accumulator con-
nected to said first passage means and to said first pres-
sure chamber for storing kineti¢c energy from the rear-
ward rebound strokes.of a predetermined normal per-
cussion force of the piston and réversing it to the for-
ward percussion strokes, a second fluid accumulator
connected to said first pressure chamber at a point lo-
cated rearwardly of the connection of said first passage
means to the first pressure chamber, said second accu-
mulator being normally inactive to reciprocate the pis-
ton at the motive pressure of the hydraulic fluid while
being effective to reverse said piston to the forward
percussion stroke at pressures higher than' the motive
pressure of the hydraulic fluid, produced by the ham-
mer piston overtravelling its normal rearward reversing
point so as to cover said first passage means whern re-
bounded by a percussion stroke exceeding the normal
percussion force. ]

2, A tool as claimed in claim 1 in which said passage

" for supplying fluid to said first pressure chamber and
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the passage to the first accumulator terminate in a com-
mon annular groove in the cylinder.

3. A hydraulic fluid actuated percussion tool com-
prising a housing forming a cylinder, a hammer piston
reciprocable in the cylinder between a forward percus-
sion stroke and a rearward rebound stroke to deliver
percussion energy to a work tool, a first variable vol-
ume pressure chamber for urging the.piston forward
during the percussion stroke defined between the pis-
ton and the cylinder, a second variable volume pressure
chamber for urging the piston rearward during the re-
bound stroke defined between the piston and the cylin-
der, hammer piston controlled distribution valve means
connected to a source of pressurized hydraulic fluid, to
the first pressure chamber by means of a first connec-
tion passage, and to the sécond pressure chamber by
means of a second connection passage, the distribution
valve means having a first position in which it pressur-
izes the first connection passage and drains the second
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and a second position in which it drains the first con-
nection passage and pressurizes the second connection
passage, the hammer piston actuating the valve means
to shift from the second position to the first position
while moving rearward during the rebound stroke and
actuating the valve means to shift from the first to the
second position when close to its impact position, a first
accumulator connected to said first supply passage for
storing kinetic energy from the rebound strokes of the
piston of a predetermined normal percussion force and
reversing it to the forward percussion strokes, a second
fluid accumulator connected to said first pressure
chamber at a point located rearwardly of the connec-
tion of said first supply passage to the first pressure
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8

chamber and being normally inactive at the motive
pressure of the hydraulic fluid while effective to reverse
said piston to its forward percussion stroke at pressures
higher than the motive pressure of the hydraulic fluid,
produced by the hammer piston overtravelling its nor-
mal rearward reversing point so as to cover said first
passage means upon rebound from a percussion stroke
exceeding the normal percussion force,

4. A tool as claimed in claim 3 in which said supply
passage for supplying fluid to said first pressure cham-
ber and the passage to the first accumulator terminate

in a common annular groove in the cylinder.
* ok ok k%
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