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{(57) Claim
1. An hydraulically driven percussive hammer comprising
a hammer body having a piston bore,

a percussive drill bit at one end of said body,

a piston within said piston bore for reciprocating impact against said drill bit,

a plurality of piston driving areas comprising radially projecting surfaces, at

least some of which have different surface areas, spaced along the outer surface of

said piston arranged in two groups, a first group for driving said piston away from

said drill bit, and a second group for driving said piston toward said drill bit, each

said driving area having a bore sealing surface,

a plurality of piston sealing surfaces corresponding to each of said piston

driving areas spaced along said piston bore engaged by said bore sealing surfaces,

fluid conduits for delivery of hydraulic fluid to said piston driving areas

comprising a first conduit for delivery of said fluid at one end of said piston and a

second conduit for delivery of said fluid at the other end of said piston, and

fluid control means to control flow to cause reciprocating movement of said

piston,
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said piston driving areas and said piston sealing surfaces arranged so that, in
each said direction of travel of said piston, said fluid acts sequentially against said
piston driving areas with each subsequent effective piston driving area being less

than the last so that the flow rate of said fluid remains substantially constant.
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(57) Abstract

(54) Title: PERCUSSION DRILLING IMPROVEMENTS

A percussive hammer for use in-the-hole hammer percussive drilling using
water pressure to drive the percussion hammer, the bammier baving a piston cylinder
combination which provides for muitiple stages where there are successive effective
piston areas of diminishing size for both return and impact directions which minimisés
peak pressures from water bammer effects. A dual piston arrangement with hydraulically
linked pistons which are both driven by successive effective piston areas of dimiaishing
size for both return and impact directions for cach piston- is also disclosed.
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PERCUSSION DRILLING IMPROVEMENTS

BACKGROUND
This invention relates to percussion drilling improvements and in particular to

drilling apparatus driven hydraulically.

It has previously been known to use down-the-hole reciprocating percussiv> motors

which are driven pneurnatically.

There are advantages in using liquid (usually water) instead of air but problems have

been experienced in trials when a down-the-hole hydraulic percussive motor is used.

One of these problems to which this invention is directed relates to the problem
conventionally known as hydraulic hammer (the mechanical shock resulting from
the generation of high pressure peaks when the velocity of a long column of
hydraulic fluid is rapidly changed). Such high pressure peaks can place great stress
on seals and other constraining parts. A number of differing techniques have been

tried in order to adequately reduce the pressure peaks which result if conventional

equipment is used.

Previous trials have included a column of air to act as a buffer. Such arrangements
have not worked successfully when trialed over an extended period of time. Other
attempts have included the use of other buffering devices but again, where metal

components have been used, metal fatigue has caused a high and early failure rate.

An object of this invention is to provide a different arrangement from those

previously used which will achieve a reduction in pressure peaks.

SUMMARY OF THE INVENTION
In its broadest form, the invention is an hydraulically driven percussive hammer

comprising
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a hammer body having a piston bore, a percussive drill bit at one end, of said
body

a piston within said piston bore for reciprocating impact against said drill bit,

a plurality of piston driving areas comprising radially projecting surfaces, at
least some of which have different surface areas, spaced along the outer surface of
said piston arranged in two groups, a first group for driving said piston away from
said drill bit, and a second group for driving said piston toward said drill bit, each
said driving area having a bore sealing surface,

a plurality of piston sealing surfaces corresponding to each of said piston
driving areas spaced along said piston bore engaged by said bore sealing surfaces,

fluid conduits for delivery of hydraulic fluid to said piston driving areas
comprising a first conduit for delivery of said fluid at one end of said piston and a
second conduit for delivery of said fluid at the other end of said piston, and

fluid control means to control flow to cause reciprocating movement of said
piston,

said piston driving areas and said piston sealing surfaces arranged so that, in
each said direction of travel of said piston, said fluid acts sequentially against said
piston driving areas with each subsequent effective piston driving area being less

than the last so that the flow rate of said fluid remains substantially constant.

The flow rate of supply fluid required to accelerate the piston during successive
stages would be reduced if this piston started each new stage at rest. However,
because the piston is increasing its speed, the smaller effective pistén drive area will

result in a more constant flow rate.

There will be achievable therefore an overall liquid flow rate which will be less

subject to abrupt change and associated high pressure peaks.

The number of stages used may be increased above two both for the outward stroke

and the inward movement of the piston.
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Preferably, the hydraulic fluid used is water.

In preference, there is arranged to be met at the end of the return stroke of the piston
a closed chamber filled with fluid to cause the piston to bounce or rebound due to the
piston impacting the fluid in this closed chamber, thereby transferring a portion of

the inward movement energy to the outward movement.

In an alternative aspect of the invention, there are provided two pistons within the
same hammer body arranged to act in mutually opposing directions. One of the
pistons has a tubular shape within which the second piston locates. The first piston
has as a bore within which the second piston operates, and the combination of the

first and second piston operate within a single bore with the hammer body.

In this alternative aspect of the invention, the pistons are hydraulically linked so that
their motions are out of phase by 180 degrees resulting in counter oscillation. This
hydraulic linking maybe achieved by providing a hydraulic chamber which is closed
to external accesses and which is arranged so that each of the two pistons have
portions which form chamber walls for fluid control so that as cne wall is advanced

into the substantially incompressible hydraulic fluid, the other will be forced out and

vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS
For a better understanding of this invention it will now be described with reference

to the preferred embodiments which shall be described with the assistance of

drawings in which:-

Fig 1 is a schematic cross sectional view of a six stage (three per stroke) single piston

percussion hammer according to a first embodiment incorporating a valve to effect

reversal of flow;
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Figs 1a-1g show the same schematic cross sectional view of a single piston percussion

hammer as shown in Fig 1 at progressive stages during its inward and outward

movements; and

Fig 2 is an arrangement according to a second embodiment showing schematically a

dual piston percussive hammer with three stages per stroke.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings in detail there is shown in Fig 1 in a schematic
arrangement, a percussive hammer 1 which includes a piston 2, a valve member 3,
liner 4 with a piston bore, and a drill bit 20. The liner 4, piston 2 and drill bit 20 are

located in a hammer body in accordance with normal practice.

The piston 2 has fluid conduits comprising a central passageway 5 with first and
second conduits comprising outlets at 6 and 7 respectively for supply of water at

substantial pressure.
The piston 2 is slidably located within the piston bore of the liner 4.

For ease of description, movements towards the bit 20 will be referred to as outward

movement and movements back towards the drill string will be referred to as inward

movement.

Piston 2 has piston drive areas 8, 9 and 10 at one end, arranged to engage with liner
elements 14, 15 and 16 of liner 4 such that, when fluid is supplied via outlet 7, a force
will act against the piston 2 to produce an inward movement. These piston drive
areas 8, 9 and 10 will therefore be referred to as the inward acting piston areas. The
bore sealing surface, in this embodiment a liner sealing surface, comprises the outer
peripheral surface of each piston drive area 8, 9 and 10 which seal and slide against

the piston sealing surfaces which comprise the outer peripheral surface of the liner

elements 14, 15 and 16.
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The piston 2 has piston drive areas 11 and 13 at its other end, arranged to slidably
engage with liner elements 17 and 19 of cylinder 4 such that, when fluid is supplied
via outlet 6, a force will act against the piston 2 to apply force to produce outward
movement. These piston areas 11 and 13 will therefore be referred to as the outward
acting piston areas. The liner sealing surface comprises the outer peripheral surface
of each piston drive area 11 and 13 which seal and slide against the piston sealing

surfaces which comprise the outer peripheral surface of the liner elements 17 and 19.

The piston 2 and the liner 4 are arranged such that the outward operating piston

areas 11 and 13 and the inward operating piston areas 8, 9 and 10 can act

simultaneously against each other creating additional effective piston areas. These

effective piston areas are described below in relation to the outward movement of

the piston 2.

In operation, the inward movement of piston 2 is caused by the action of

a first piston drive area comprising inward acting piston area 8 acting alone,
followed by

a second piston drive area comprising inward acting piston area 9 acting
alone, followed by

a third piston drive area comprising inward acting piston area 10 acting alone,

where the piston areas from first to third are progressively smaller.

In operation, the outward movement of piston member 2 is caused by the action of

a fourth (effective) piston drive area comprising outwards acting piston area
11 less inwards acting piston area 10, followed by

a fifth (effective) piston drive area comprising outwards acting piston area 11
less inwards acting piston area 9, followed by

a sixth (effective) piston drive area comprising outwards acting piston area 13
less inwards acting pistor: area 8,

where the effective piston areas from fourth to sixth are progressively smaller.



A fluid control means comprise a valve 3 arranged so that it can be controlled via
pressure chamber 24 as follows. Referring to Fig 1, area A and area C are always
exposed to supply pressure, whereas area B, within chamber 24 alternates between
supply pressure and low return pressure. Areas A, B and C are sized such that when
5 chamber 24 is exposed to supply pressure, the valve 3 moves outwards and when it

is at low return pressure, valve 3 moves inwards.

The automatic motion of the piston will now be explained with reference to Fig 1 and

Fig 1a to 1g. Fig 1 shows the piston impacting at the completion of the outward

10 stroke. Pressure in valve chamber 24 is relieved through exhaust port 21a via
channels 23 and 21. This causes valve 3 to move inwards, as shown in Fig 1a, closing

supply port 26a and at the same time opening exhaust port 21b thereby relieving

pressure in chamber 26. At this point there is no pressure acting on piston 2 in an

fi.. outward direction and so pressure against a first and largest piston drive area,
.15 inward acting piston area 8, causes piston 2 to accelerate inwards. During inward

acceleration high pressure water is supplied through conduit 5 and outlets 7. Fig 1b

:':‘f,. shows the smaller second piston drive area, comprising inwards acting piston area 9,
Teted coming into engagement with liner element 15, Fig 1c shows the smaller again third
O piston drive area, comprising inwards acting piston area 10, coming into engagement
;”5":20 with liner element 16. During this three-stage inward stroke the swept area of the
:i‘:.é piston progressively decreases but this is offset by the increasing speed of the piston.
egeesd Accordingly, the rate of change of water flow through the stages of the full stroke of
§"--: the piston is reduced substantially.

25 Towards the end of the inward stroke, the piston 2 brings into coincidence channel 21
between the source of high pressure fluid at 22 and channel 23 in the valve member 3
as shown in Fig 1c. This accordingly pressurises chamber 24 which has the result of
causing the valve member 3 to move outwardly as shown progressively in Fig 1d
and Fig le. Fig 1d shows exhaust port 21b closed and since this closure occurs just

30 prior to the piston 2 reaching the end of its inwards stroke, the piston is “bounced”
on a trapped volume of water within chamber 26. This “bouncing” effect results in a

6
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le shows valve member 3 in its outward position in which supply port 26a has
opened causing a supply of pressure fluid into chamber 26. With chamber 26 now
pressurised, the fourth (effective) piston drive area is formed comprising outwards
acting piston area 11 acting against inwards acting piston area 10. This causes
acceleration of piston 2 outwards. Fig 1f shows the creation of the fifth (effective)
piston drive area. Inward acting piston area 10 disengages from cylinder element 16
allowing high pressure water to act upon inward acting piston area 9 which then
works against outwards acting piston area 11. Finally in Fig 1g the creation of the
sixth (effective) piston drive area is shown. Inward acting piston area 9 disengages
from liner element 15 allowing high pressure water to act upon inward acting piston

area 8 which then works against outwards acting piston area 13.

With the piston now back at the impact position, valve chamber 24 is relieved
through exhaust port 21a via channels 23 and 21. This causes valve 3 to move

inwards starting another cycle.

In the embodiment described above, the distance between the respective piston drive
areas and their location for engaging liner elements will be such that as a first piston
drive area comes out of engagement, the next liner element is lacated so that there is
effectively a seamless transfer. Therefore minimal sudden abrupt stopping or starting

of full flow of the liquid at pressure (and associated water hammer) occurs.

In the embodiment described above, the six (effective) piston drive areas are formed
by only five actual piston areas (two inwards acting and three outwards acting).
Alternative embodiments have three inwards acting pisten drive areas and three

outward acting piston drive areas. These embodiments however have the

disadvantage of additional tool length.

The above description is in relation to a schematic layout with the purpose of
illustrating the principle by which succeeding effective piston drive areas can be

arranged to achieve the result required.
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A second embodiment of the invention, being a dual piston percussive hammer, will

now be described.
Fig 2 shows in schematic detail this second embodiment.

In this embodiment there are provided two pistons 43 and 44. The two pistons are
kept in relative association with each other by having respective parts shown at 45 in
the case of the outer piston and at 50 in the case of the inner piston 43 such that there
is confined in chamber area 46 a quantity of water which will not vary. A further

chamber 47 located close to the outer end A also locks the pistons together.

This hydraulically couples the two pistons 43 and 44 together and causes them to act
with a 180 degrees out of phase motion to cancel volume changes between the bit
and pistons. In this case then there is further provided a valve 51 the operation of
which is substantially the same as the valve as described in relation to the
embodiment described in Fig 1 and, the purpose of which is to change the direction
of flow being supplied from the high pressure source at 52 to direct this into the area
53 to effect the outward stroke of the central piston 43 while at the same time causing

the reciprocal inward motion of the outer piston 44.

Again the function of effective piston areas is used in successive alignments so that as
the respective piston that is in each case 42 and 44 is caused to accelerate respectively
toward an outer impact location or toward an inner location, the effective piston
drive areas are chosen so that there would be a reduced flow rate of liquid required if
the speed of the piston was kept constant but as this is accelerating, will more match

the area with the speed so as to reduce substantially changes in flow rate (and hence

water hammer) in the pressure supply and return lines.

As will be now apparent, water at pressure coming through the conduit 52 and
entering through channel 54 will pass through area 55 to impinge against piston

drive area 56 then as the inner piston 43 rises through its inward stroke in succession
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piston drive area 57 and piston drive area 58 will engage respectively with cylinder

segments 59 and 60.

As the effective forces here are essentially equal and opposite, when the pressure to
return the inner piston member 43 is effected, this will in turn assist in providing
effective force to cause the outer piston 44 to proceed through its outward stroke.
During the outward stroke of the inner piston 43 there will be an initial pressure on

piston drive areas 62 followed by drive area 63.

Likewise however for the inner piston 43 there will be an initial pressure on piston

drive area 58 then in turn drive areas 59 and 56.

In this way the inner piston 43 is a master piston and the outer piston 44 acts as a
slave piston. The balanced counter oscillation means that there is no net change in
the volume of water between the pistons and bit if the annular impact area of the
slave piston equals the circular impact area of the master piston. This arrangement

has the further advantage that it reduces flow losses.

A significant advantage of this arrangement is the hydraulic linkage between the two
pistons enables them to move together but 180 degrees out of phase and it
furthermore provides a transfer of energy so that as either piston strikes the bit, the
energy of the other piston is added to the striking piston. The mass of the striking

piston is effectively equal to the mass of both pistons.

This arrangement furthermore has a potentially highet operating impact frequency
than the previously described single piston design. The higher frequency can be
partially exchanged for a longer stroke higher piston velocity and thus a higher
impact energy. The selection of the relative piston segments and the cylinder

segments is also chosen to make assembly of the apparatus convenient.

In the embodiment described above, the six (effective) piston drive areas are formed

by only five actual piston areas (two inwards acting and three outwards acting).

! 9
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Alternative embodiments have three inwards acting piston drive areas and three

outward acting piston drive areas. These embodiments however have the

disadvantage of additional tool length.

This then describes in a general sense the way in which two embodiments can be put

into place and from which will be seen that significant reduction in water hammer

can be achieved.

There are advantages in using the dual piston system in that energy is transferred to

the bit at the end of each stroke and does not have to be stored or wasted at the end

of the return stroke.

The single piston hammer does waste some energy at the end of the return stroke.
The piston is “bounced” on a trapped volume of water at the end of the return
stroke. During this period, some high pressure water is dumped to maintain flow
and minimise water hammer. The energy in the dual piston hammer return stroke
becomes impact energy. For a small energy loss penalty the valve ports fill in and
round off the transitional water flow trough by allowing a metered leakage flow
from supply to return when the piston is reversing and accelerating at the beginning
of a stroke. Metered leakage or “dumping” of the pressurised supply liquid is used
to maintain flow during the time when the piston is slowly moving and when it is
stopped at the end of each stroke and when it is accelerating after impact. If the flow
is suddenly stopped, the water supply, return and flushing water columns must

suddenly decelerate and then accelerate. The result is high shock loads, noise and a

reduction in performance.

While the above description refers to a valve to effect piston reversal other
techniques are known and can be used for this function. For instance it is possible to
use high pressure supply water alone to reverse the piston but the stroke would then

need to be bigger for the same piston size and more energy would be lost.

C
;"\ ' 10



While the present invention has been described in terms of preferred embodiments in
order to facilitate better understanding of the invention, it should be realised that
various modifications can be made without departing from the principles of the

invention. Therefore, the invention should be understood to include all such

modifications within its scope.

11
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THE CLAIMS DEFINING THE INVENTION ARE AS'FOLLOWS:

1. An hydraulically driven percussive hammer comprising

a hammer body having a piston bore,

a percussive drill bit at one end of said body,

a piston within said piston bore for reciprocating impact against said drill bit,

a plurality of piston driving areas comprising radially projecting surfaces, at
least some of which have different suxface areas, spaced along the outer surface of
said piston arranged in two groups, a firss g . for driving said piston away from
said drill bit, and a second group for driving said piston toward said drill bit, each
said driving area having a bore sealing surface,

a plurality of piston sealing surfaces corresponding to each of said piston
driving areas spaced along said piston bore engaged by said bore sealing surfaces,

fluid conduits for delivery of hydraulic fluid to said piston driving areas
comprising a first conduit for delivery of said fluid at one end of said piston and a
second conduit for delivery of said fluid at the other end of said piston, and

fluid control means to control flow to cause reciprocating movement of said
piston,

said piston driving areas and said piston sealing surfaces arranged so that, in
each said direction of travel of said piston, said fluid acts sequentially against said
piston driving areas with each subsequent effective piston driving area being less

than the last so that the flow rate of said fluid remains substantially constans.

2 An hydraulicaily driven percussive hammer according to claim 1 wherein said
corresponding piston and bore sealing surfaces of each group are spaced so that,
upstream corresponding piston and bore sealing surfaces are disengaged while
downstream corresponding piston and bore sealing surfaces are engaged to allow

said fluid to flow to the piston driving areas of said engaged piston and bore sealing

surfaces.

3 An hydraulically driven percussive hammer according to claim 1 or 2 wherein
said first group of piston and bore sealing surfaces to drive said piston away from

12
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said drill bit comprises at least three said piston driving areas each having different

surface areas.

4. An hydraulically driven percussive hammer according to any one of the
preceding claims wherein said group of said piston and bore sealing surfaces to drive

said piston toward said drill bit comprises at least two said piston driving areas.

5. An hydraulically driven percussive hammer according to any one of the
preceding claims wherein after engagement by a preceding corresponding piston
and bore séaling surface and as a following corresponding piston and bore sealing
surface engages, said preceding corresponding piston and bore sealing surfaces

disengage and allow venting of fluid past said preceding bore sealing surfaces.

6. An hydraulically driven percussive hammer according to any one of the
preceding claims further comprises an exhaust port so that as said piston moves
away from said drill bit, fluid displaced by the movement of said second group of

piston driving areas is vented through said exhaust port.

7. An hydraulically driven percussive hammer according to claim 6 wherein said
exhaust port is closed prior to said piston reaching the top of its movement which
causes said piston to bounce against said fluid trapped by the closing of said exhaust

port, thereby transferring a portion of the upwards stroke energy to the downward

stroke.

8. An hydraulically driven percussive hammer according to any one of the
preceding claims further comprising venting conduits that enable venting of high
pressure fluid wheri the piston movement is decelerating or is stationary at the top ot

bottom of said reciprocating movement.

9.  An hydraulically driven percussive hammer according to any one of the
preceding claims wherein said fluid control means comprises a two position valve

13
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which changes position as said piston reaches its lower and uppermost movement to

thereby control flow.

10.  An hydraulically driven percussive hammer according to claim 9 wherein said

hydraulic fluid is used to move said valve.

11.  An hydraulically driven percussive hammer according to claim 10 wherein

said valve has surfaces against which said hydraulic fluid acts to move said valve.

12, An hydraulically driven percussive hammer according to claim 1 further
comprising:

a second bore within said piston,

a second piston within said second bore for reciprocating impact against said
drill bit, said second bore and piston each arranged in accordance with said piston
and bore so that said piston is coupled to said second piston so that they move in

opposite directions to one another relative to said bore.

13.  An hydraulically driven percussive hammer as hereinbefore described with

reference to and as illustrated in the accompanying figures 1 to 1g.

14.  An hydraulically driven percussive hammer as hereinbefore described with

reference to and as illustrated in the accompanying figure 2.
Dated this 17th day of December 1997.

$DS Pty Ltd
By its Patent Attorneys
ADDERNS

14



ABSTRACT

An hydraulically driven percussive hammer for use with down-the-hole percussive
hammer drilling, the hammer having a piston and liner combination which provides
for multiple: stages where there are successive effective piston drive areas of
diminishing size for both return and impact directions which minimises peak

pressures from hydraulic hammer effects.
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This Annex lists the known "A" publication level patent family members relating to the patent documents
cited in the above-mentioned international search report. The Australian Patent Office is in no way liable
for these particulars which are merely given for the purpose of informatioi.
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