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(57) Abrege/Abstract:

A down-the-hole drill hammer Is provided that includes a housing, a solid core piston mounted within the housing, a seal located
between the solid core piston and the housing, and a backhead configured to exhaust working fluid volumes about a proximal end
of the DHD hammer. The backhead includes a check valve assembly having a plug seal that can be moved to a closed seal
position by gravity. A DHD hammer having a segmented chuck assembly Is also provided. The segmented chuck assembly
Includes a plurality of chuck segments forming a cylindrical chuck assembly.

EORUIORIOR . o
g0
s

=

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




WO 2011/062925 A |[HI ! HYD Y ORS00 OO, A0 R

CA 02777356 2012-04-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
26 May 2011 (26.05.2011)

(10) International Publication Number

WO 2011/062925 A4

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

(81)

International Patent Classification:
E21B 4/06 (2006.01) E21B 1/38 (2006.01)
E21B 10/36 (2006.01)

International Application Number:
PCT/US2010/056917

International Filing Date:
17 November 2010 (17.11.2010)

Filing Language: English
Publication Language: English
Priority Data:

12/621,155 18 November 2009 (18.11.2009) US

Applicant (for all designated States except US). CEN-
TER ROCK INC. [US/USJ; 118 Schrock Drive, Suite
101, Berlin, PA 15530 (US).

Inventors; and

Inventors/Applicants (for US only): LYON, Leland, H.
[US/US]; 67 Buck Lane, Roanoke, VA 24012 (US).
LAY, Warren, Thomas [US/US]; 7605 Damewood
Drive, Catawba, VA 24070 (US).

Agents: KIM, Jae, Y. ¢t al.; Panitch Schwarze Belisario
& Nadel LLP, One Commerce Square, Suite 2200, 2005
Market Street, Philadelphia, PA 19103 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

(83)

with international search report (Art. 21(3))
with amended claims and statement (Art. 19(1))

Date of publication of the international search report:
28 July 2011

Date of publication of the amended claims and statement: 15
September 2011

(34) Title: DOWN-THE-HOLE DRILL HAMMER HAVING A REVERSE EXHAUST SYSTEM AND SEGMENTED CHUCK
ASSEMBLY

14

FIG. 1
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(57) Abstract: A down-the-hole drill hammer 1s provided that includes a housing, a solid core piston mounted within the housing,
a seal located between the solid core piston and the housing, and a backhead configured to exhaust working fluid volumes about a
proximal end of the DHD hammer. The backhead mcludes a check valve assembly having a plug seal that can be moved to a

closed seal position by g

ravity. A DHD hammer having a segmented chuck assembly 1s also provided. The segmented chuck as-

sembly includes a plurality of chuck segments forming a cylindrical chuck assembly.
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TITLE OF THE INVENTION
(0001} Down-the-Hole Drill Hammer Having a Reverse Exhaust System and Segmented
Chuck Assembly

BACKGROUND OF THE INVENTION
[0002] The present invention relates to a down-the-hole drill (‘DHD”) hammer. In particular,
the present invention relates to a DHD hammer having an exhaust system and a chuck.
[0003] Typical DHD hammers include a piston that is moved cyclically with high pressure
gas (€.g., air). The piston generally has two end surfaces that are exposed to working air volumes
1.€., a return volume and a drive volume that are filled and exhausted with each cycle of the piston.
The return volume pushes the piston away from its impact point on a bit end of the hammer. The
drive volume accelerates the piston toward the impact point.
[0004] Typical DHD hammers also combine the exhausting air from the working air volumes
Into one central exhaust gallery that delivers all the exhausting air through the drill bit and around
the externals of the DHD hammer. In most cases, about 30% of the air volume is from the DHD
hammer’s return chamber, while about 70% is from the hammer’s drive chamber. However, this
causes much more air then is needed to clean the bit-end of the hammer (e.g., the holes across the bit
face). Such high volume air passes through relatively small spaces creating high velocity flows as
well as backpressure within the DHD hammer. This is problematic as such high velocity air along
with solids (e.g., drill cuttings) and liquids moved by the high velocity air causes external parts of
the DHD hammer to wear more rapidly while backpressures within the DHD hammer reduces the
tool’s overall power and performance.
[0005] Further, when DHD hammers are used, the DHD hammer is typically immersed in
water that includes drill cuttings and debris. Such water and debris can have adverse effects upon a
DHD hammer’s operation and performance if allowed to enter the internal areas of the DHD
hammer. Notwithstanding, conventional DHD hammers typically include a piston with a thru-hole
that allows for working air volumes from the drive chamber to be exhausted through the piston and
out through the drill bit. As suéh, an open flow path exists for fluids to exit the DHD hammer’s
drive chamber through the drill bit. This in turn provides an open flow path for fluids to enter the

drive chamber when working fluid volumes are not being exhausted from the DHD hammer, such as
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when the DHD hammer is not being used, yet is still immersed in the drill hole. This frequently

occurs when drill pipes are added to a drill string to advance a bore hole.

[0006] Typical DHD hammers also include a chuck assembly having an integrally formed
chuck i.e., a chuck formed as a single part. Such typical chucks, which are threadedly connected to
the DHD hammer casing operate to engage shank splines of a drill bit to provide for rotational
movement. This movement of the drill bit within the chuck however, results in increased shank
stresses created by the relatively small torque transmission diameter of the shank compared to the
head of the drill bit and because of the high intensity elastic strain wave that passes through the
small diameter section of the shank during impact. As a result, localized burning and/or galling of
the shank splines in the area between the head of the drill bit and the chuck often results, which can
lead to accelerated fatigue failure and then part failure. Accordingly, there is a need for a DHD

hammer that is not limited by the aforementioned problems associated with conventional DHD

hammers.

BRIEF SUMMARY OF THE INVENTION

[0007] In a preferred embodiment, the present invention provides a down-the-hole drill
hammer comprising a housing, a solid core piston within the housing, a seal located between the
solid core piston and the housing, and a backhead configured within the housing and superior to the
solid core piston. The backhead includes an exhaust port in communication with an opening in the
housing, an exhaust valve stem in communication with the exhaust port, and a check valve
assembly. The check valve assembly is configured to seal the exhaust valve stem when in a closed
configuration.

[0008] In another preferred embodiment, the present invention provides a down-the-hole drill
hammer comprising a housing, a piston mounted within the housing, a drill bit mounted about a
distal end of the housing, and a segmented chuck assembly circumscribing the drill bit. The piston
is configured to reciprocatively move within the housing along a longitudinal direction. The drill bit
includes a head and a shank having a shoulder. The segmented chuck assembly circumscribes the
drill bit and includes a plurality of chuck segments. Each of the plurality of chuck segments
includes a proximal end connectable to the housing, a distal end configured to receive the shank of

the drill bit, and a flange configured to operatively engage the shoulder of the shank.

{0009] In yet another preferred embodiment, the present invention provides a segmented

chuck assembly for a down-the-hole drill hammer comprising a plurality of chuck segments for
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circumscribing a drill bit. Each of the plurality of chuck segments includes a proximal end

connectable to a down-the-hole drill hammer housing, a distal end configured for receiving the drill
bit, and a tlange configured for operatively engaging the drill bat.

[0010] In a further preferred embodiment, the present invention provides a down-the-hole
hammer comprising a housing, a piston, a drill bit and a chuck assembly. The piston is mounted
within the housing and configured to reciprocatively move within the housing along a longitudinal
direction. The drill bit is located proximate a distal end of the housing. The drill bit includes a
head, a bit shoulder proximate a proximal end of the head, and a shank that extends proximally from
the head. The shank includes an impact surface about a proximal end of the shank, a shoulder
proximate a proximal end of the shank, a plurality of shank splines about a distal end of the shank,
and a thrust shoulder proximate a proximal end of the plurality of shank splines and distal to the
impact surface. The chuck assembly is connected to the housing and circumscribes the drill bit.

The chuck assembly includes a flange in direct contact with the thrust shoulder of the drill bit.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0011]  The foregoing summary, as well as the following detailed description of the invention,
will be better understood when read in conjunction with the appended drawings. For the purpose of
illustrating the invention, there are shown in the drawings embodiments which are presently
preferred. It should be understood, however, that the invention is not limited to the precise
arrangements and instrumentalities shown.

[0012] In the drawings:

[0013] Fig. 1 is a perspective view of a DHD hammer in a drop down position in accordance
with a preferred embodiment of the present invention;

(0014] Fig. 2 is a cross-sectional elevational view of the DHD hammer of Fig. 1;

[0015] Fig. 2A is a cross-sectional elevational view of the DHD hammer of Fig. 1 inan
impact position and with feed ports shown;

[0016] Fig. 3 is an enlarged cross-sectional elevational view of a proximal end of the DHD
hammer of Fig. 1 with the check valve assembly in a closed position;

[0017] Fig. 3A is an enlarged cross-sectional elevational view of a proximal end of the DHD

hammer of Fig. 1 with the check valve assembly in an open position;
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[0018] Fig. 3B is an enlarged cross-sectional elevational view of a proximal end of the DHD
hammer of Fig. 1 with the check valve assembly having a fillet edge in accordance with another
aspect of the present invention;

(0019] Fig. 4 is a perspective view of a backhead of the DHD hammer of Fig. 1;

[0020] Fig. 5 is a perspective view of a guide cage and an exhaust valve stem of the DHD
hammer of Fig. 1;

(0021} Fig. 6 is a cross-sectional elevational view of a middle portion of the DHD hammer of

Fig. 1 showing a piston 1n the drop down position;

[0022] Fig. 7 is a perspective view of the piston of Fig. 6;

[0023] Fig. 8 is a perspective view of a bearing of the DHD hammer of Fig. 1;

10024] Fig. 9 is a cross-sectional elevational view of the bearing of F1g. 8;

[0025] Fig. 10 is a perspective view of the bearing of the Fig. 8 with a seal;

0026} Fig. 11 is an enlarged cross-sectional elevational view of a distal end of the DHD

hammer of Fig. 1, with the DHD hammer in an impact position;

[0027] Fig. 12 is an enlarged cross-sectional elevational view of a distal end of the DHD

hammer of Fig. 1, with the DHD hammer in an impact position and an alternative embodiment of

the DHD hammer’s bearing; |

[0028] Fig. 13 is a distal perspective view of a drill bit of the DHD hammer of Fig. 1;

[0029] Fig. 13A is a proximal perspective view of the drill bit of Fig. 13;

[0030] Fig. 14 is a perspective view of a segmented chuck assembly of the DHD hammer of
Fig. 1; and

[0031] = Fig. 15 is a cross-sectional elevational view of the segmented chuck assembly of Fig.
14.

DETAILED DESCRIPTION OF THE INVENTION
[0032] Certain terminology is used in the following description for convenience only and is
not limiting. The words “right,” “left,” “upper,” and “lower” designate directions in the drawings to
which reference is made. For purposes of convenience, “distal” is generally referred to as toward
the drill bit end of the DHD hammer, and “proximal” is generally referred to as toward the backhead
end of the DHD hammer. “Superior” means generally above or top, while “inferior” means
generally below or bottom. Unless specifically set forth herein, the terms “a,” “an” and “the”™ are
not limited to one element but instead should be read as meaning “at least one.” The terminology

includes the words above specifically mentioned, derivatives thereof, and words of similar import.
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[0033] In a preferred embodiment, the present invention provides for a DHD hammer 10, as
shown in Figs. 1-4, for use with a conventional down-the-hole drill pipe (not shown). The DHD
hammer 10 includes a backhead 12, a housing 14, a piston 16, a bearing 18, a chuck assembly 20
and a drill bit 22.

[0034] The backhead 12 includes a proximal end configured with threads 24 for connecting to
a drill pipe (not shown). The drill pipe can be any conventional drill pipe whose structure, function
and operation are well known to those skilled in the art. A detailed description of the structure,
function and operation of the drill pipe is not necessary for a complete understanding of the present
embodiment. However, the drill pipe supplies the DHD hammer 10 with high pressure fluid, such
as air, feed force, and rotation. It will be appreciated that while air is the preferred gas used in
conjunction with the present invention, some other gas, combination of gases or fluids could also be
used. The drill pipe is also typically smaller in diameter than the DHD hammer 10. The backhead
12 is configured partially within a proximal end of the housing 14. As shown in Figs. 2-4, a distal
portion of the backhead 12 can reside within the housing 14 with a proximal portion of the backhead
12 extending out of the housing 14.

[0035] The housing 14 is configured to house the internal working components of the DHD
hammer 10. The housing 14 (also known as a casing or wear sleeve) can be an elongated housing
and is preferably an elongated cylindrical housing 14. The housing 14 also includes threads 28a,
28b about its proximal end (28a) and its distal end (28b) for connecting to the backhead 12 and a
chuck assembly 20, respectively as further described in detail below. The housing 14 is also
operatively connected to the backhead 12 to provide rotational translation to the DHD hammer 10.
That is, as the drill pipe rotates, it rotates the backhead 12 which thereby rotates the housing 14 and
consequently the drill bit 22.

10036] Referring to Figs. 3 and 4, the backhead 12 includes a tubular member 30 having an
upper end 32 that extends out of the housing 14 and a lower end 34 housed within the housing 14.
When the backhead 12 is assembled to the housing 14, the backhead 12 is superior to the piston 16
of the DHD hammer 10. The tubular member 30 includes a supply inlet 36 for receiving a supply of
working fluid volumes from the drill pipe. The supply inlet 36 is configured as a cylindrical bore

through the proximal end of the tubular member 30 with a longitudinal axis inline with a central
longitudinal axis of the DHD hammer 10. Typically, the supply pressure feed to the supply inlet 36

can be from about 300 to 350 p.s.1.
[0037] The backhead 12 also includes an exhaust port 38, a check valve assembly 40, and an

exhaust valve stem 42. The exhaust port 38 extends from the check valve assembly 40 to an
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opening 26 along the backhead’s exterior providing a flow path to allow working fluid volumes to

be exhausted out of the backhead 12. The check valve assembly 40 is configured about a central
portion of the tubular member 30 and includes a generally cylindrical frame 46 and a plug seal 48.
The generally cylindrical frame 46 is preferably positioned with its central longitudinal axis inline
with the longitudinal axis of the DHD hammer 10 and the tubular member 30. The check valve
assembly 40 is in communication with the exhaust port 38 and the exhaust check valve stem 42, and
configured to operatively seal the exhaust valve stem 42 when in a closed configuration.

[0038] Preferably, the generally cylindrical frame 46 is configured as a guide cage 46', as best
shown in Figs. 3 and 5. The guide cage 46' includes an aperture 50 in communication with the
exhaust port 38. The aperture 50 is aligned with the exhaust port 38 to minimize flow resistance and
buildup of backpressure within the interior of the DHD hammer 10, such as a drive chamber 54 of
the DHD hammer 10. The aperture 50 can alternatively be configured as any other type of opening
that allows for the flow of fluids from the exhaust valve stem 42 to the exhaust port 38, such as a
slot, an oblong opening or a circular opening. Preferably, the guide cage 46' is configured with a
plurality of apertures e.g., 50’ (only three shown for illustration purposes), each of the plurality of
apertures 50' is in communication with a plurality of exhaust ports 38’ (only two shown tor
illustration purposes), respectively.

[0039] The guide cage 46’ includes a proximal end and a distal end. The aperture 50 is
configured about the proximal end of the guide cage 46' such that the proximal end 1s in
communication with the exhaust port 38. The distal end is configured to receive the plug seal 48
and with an edge 52, such as a chamfer 52’ (Fig. 3). Alternatively, the chamfered edge 52' can be
configured as a fillet edge 52" (Fig. 3). The edge 52 is directly connected to the exhaust valve stem
42 such that the distal end of the guide cage 46’ is connected to the exhaust valve stem 42.

[0040] The plug seal 48 is generally sized and shaped to fit with the guide cage 46' and to
move freely therein. When the plug seal 48 is moved to its most proximal position i.e., a first
position or an open position (Fig. 3A), the exhaust port 38 is in communication with the guide cage
46’ and the exhaust valve stem 42. When the plug seal 48 is moved to its most distal positioni.e., a
second position or closed position (Fig. 3), the plug seal 48 engages the chamfered edge 52' of the
guide case 46'. The plug seal 48 is movable to the second position by gravity. Preferably, the plug
seal 48 directly contacts the chamfered edge 52'. By directly engaging the chamfered edge 52, the
plug‘séal 48 provides a seal i.e., seals the exhaust valve stem 42 so that the exhaust port 38 is not in
communication with the exhaust valve stem 42. Preferably, the edge 52 is configured with a cross-

sectional profile to match a cross-sectional profile of an exterior surface of the plug seal 48, such as
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fillet edge 52". Overall, the check valve assembly 40 has a closed position (Figs. 3 and 3B) and an
open position (Fig. 3A) for operatively controlling the flow of working fluid volumes from within
the DHD hammer 10 to the DHD hammer’s exterior and for controlling the flow of fluids and debris
from the DHD hammer’s exterior from entering the interior of the DHD hammer 10.

[0041] The plug seal 48 is preferably configured with a structural configuration and density
such that the plug seal 48 can float or be raised within the guide cage 46’ to the first position by
working fluid volumes being exhausted by from the DHD hammer’s drive chamber 54. In an
exemplary embodiment, the drive chamber 54 can be configured to exhaust working fluid volumes
w1th an exhaust pressure through the exhaust valve stem 42 sufficient to raise the plug seal 48 to the
bpén position. For example, a plug seal 48 configured as a ball seal 48’ having an overall diameter
6f ] %- inches, a weight of 0.06 Ibs. and a seal diameter of about 1.32 inches will require a pressure
of about 0.04 p.s.i. to raise the ball seal 48’ to the open position. Thus, a DHD hammer configured
with such a ball seal 48 having a seal diameter of about 1.32 inches (i.e., an exhaust valve stem 42
having a diameter of about 1.32 inches), can be configured to exhaust working fluid volumes
through the exhaust valve stem 42 at a pressure from about 20 to 80 p.s.i., which is sufficient to raise
the ball seal 48’ to the open position. While the exact weight and/or density of the plug seal 48 will
depend upon the actual size of the DHD hammer 10, the drive chamber 54, and the exhaust valve
stem 42, due to the relatively high pressure working fluid volumes traversing the DHD hammer 10
during normal operations, the DHD hammer 10 can be configured to exhaust pressures sufficient to
r-aise a plug seal 48 of any practical configuration. This is due in part because the drive chamber 54
can typically exhaust about‘% of the total air consumption of the DHD hammer 10 and because the
plug seal 48 is configured with a relatively low cracking pressure.

[0042] The plug seal 48 is preferably formed from a soft solid polymer, such as an elastomer.
Additional preferred soft solid polymers include polyurethane, neoprene, nitrile rubber and the like,
and soft solid polymers preferably having a Shore A hardness from about 50-90 and more preferably
from about 70-90 Shore A. The density of the plug seal 48 is preferably higher than the density of
water (i.e., 1 g/ml) and more preferably about 20% greater than that of water.

[0043] The plug seal 48 is preferably configured as a ball seal 48', as shown in Fig. 3.
However, the plug seal 48 can be configured with any other structural shape so long as the plug seal
48 can move freely within the guide cage 46’ and sealingly engage with the edge 52. A spherical
ball seal 48’ is preferred due to its uniform shape in all three dimensions and the ability of fluids to
flow past the spherical shape of the ball seal 48'. Furthermore, the ball seal 48" can easily engage a
fillet edge 52" of the guide cage 46' regardless of its orientation relative to the fillet edge 52" That
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is, the ball seal 48’ can sealingly engage a correspondingly matched fillet edge 52" of the distal end
of the guide cage 46’ regardless of its orientation relative to the guide cage 46’ itself.

[0044] Referring to Fig. 3A, the exhaust port 38 is in communication with the check valve
assembly 40 and the exhaust valve stem 42. The exhaust port 38 is also in communication with the
opening 26 of the backhead 12 to allow for working fluid volumes within the DHD hammer 10 to be
exhausted to the DHD hammer’s exterior. The exhaust port 38 is preferably configured as a
cylindrical port with an inner end 56 in communication with the opening 50 and an outer end 56 in
communication with the opening 26. The exhaust port 38 of the backhead 12 thereby exhausts
working fluid volumes from within the DHD hammer 10 to a proximal end of the DHD hammer’s
exterior. This configuration advantageously results in the exhausted working fluid volumes from
the drive chamber 54 to be expelled significantly above the drill bit 22 thereby decreasing the
secondary effects of debris flow across the face of the drill bit 22 resulting from such working fluid
volumes being expelled through the drill bit 22. The distal end of the backhead 12 also includes
threads 62 (Fig. 4) configured to engage corresponding threads 28a (Fig. 2) of the housing 14 to
connect the backhead 12 thereto.

(0045} The piston 16 is generally configured, as shown in Figs. 2, 6 and 7. The piston 16
includes spaced apart major cross-sectional areas D1 and D2 and spaced apart minor cross-sectional
areas D3 and D4. Major cross-sectional area D1 is configured about the most proximal end of the
piston 16 and sized to be housed within the housing 14. Major cross-sectional area D2 is configured
distal to major cross-sectional area D1 and sized to be housed within the housing 14. The minor
cross-sectional area D3 is configured between the major cross-sectional areas D1 and D2 to form
part of a generally annular reservoir 64 which is between an outer surface of the piston 16 and an
inner surface of the housing 14. The minor cross-sectional area D4 is configured distal to the major
cross-sectional area D2 and generally defines the overall dimensions of the lower portion or distal
end of the piston 16.

[0046] The piston 16 also includes a central bore 50 (e.g., a counterbore) configured along a

central axis of the piston 16, as shown in Fig. 6. The central bore 50 is sized to receive the distal
end of the exhaust valve stem 42. The piston 16 is mounted within the DHD hammer 10 and
configured to reciprocatively move within the housing 14 along a longitudinal direction in a well
known manner known in the art. Such operational and functional aspects of the piston 16 is well
known and a detailed description of them is not necessary for a complete understanding of the

present invention.
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[0047] The piston 16 is a solid core piston 16. That is, the piston 16 does not include a bore
that completely traverses the length of the piston 16 to allow working fluid volumes to be exhausted
through the piston 16.

[0048] The distal end of the DHD hammer 10 includes the bearing 18, the chuck assembly 20,
the drill bit 22 and a seal 66 (Fig. 2). The seal 66 is positioned between the piston 16 and the
housing 14. The bearing 18 is best shown in Figs. 2, 8, 10 and 11. Referring to Figs. 8-11, the
bearing 18 is an annular bearing having an annular side wall 68 and a flange 70 about a proximal
end of the bearing 18. The flange 70 is a radially outwardly extending flange 70 configured to
engage the chuck assembly 20. As best shown in Fig. 11, the flange 70 is in direct contact with the
chuck assembly 20 and the housing 14. The proximal end of the bearing 18 also includes an annular
recess 72 to receive the seal 66, which is preferably an O-ring seal 66. The annular recess 72 1s
configured about a lateral aspect of a superior surface 74 of the bearing 18, such that the seal 66
directly contacts the bearing 18 and the piston 16 when the piston 16 is in the drop down
position/configuration. In general, the seal 66 is located about the outer edge of the superior surface
74 of the bearing 18.

[0049] Alternatively, the bearing 18 can include a spacer 71 configured as an annular spacer
71, that resides within a relief 76 of the bearing (Figs. 9 and 12). The spacer 71 can also be
configured to include an annular recess 72' for receiving the seal 66.

[0050] The seal 66 can be formed from any material capable of forming a seal, such as a
hermetic seal. The seal 66 can be a polymeric seal, such as an elastomer, plastic, composite, or
combinations thereof and the like.

[0051] Referring back to Figs. 2 and 11, the bearing 18 is operatively connected to the
housing 14 via the chuck assembly 20 and configured to receive both the piston 16 and the drill bit
22. In particular, the bearing 18 is configured to receive a distal end of the piston 16, such as the
distal end defined by cross-sectional area D4, and a proximal end of the drill bit 22, such as the
proximal end of the shank 80. As the bearing 18 receives both the piston 16 and the drill bit 22, the
bearing 18 is a unitized bearing 18 that functions to replace the operations of both a piston bearing
and a drill bit bearing in conventional DHD hammers.

[0052] The bearing 18 is mounted within the housing 14, as best shown in Fig. 11. The
overall diameter of the flange 70 is sized to substantially match that of the inside diameter ot the
housing 14. That is, the overall diameter of the flange 70 is toleranced to allow the bearing 18 to
slide within the housing 14 but without any significant play within the housing 14. The difference

between the overall diameter of the flange 70 and the outside diameter of the annular wall 68 1s
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configured to substantially match the wall thickness of the chuck assembly 20, as further described
below. In sum, the bearing 18 is conf@ured to operatively engage the piston 16, the drill bit 22, the
chuck assembly 20 and the housing 14.

[0053] When assembled within the DHD hammer 10, the bearing’s flange 70 is superior to
the chuck assembly 20 while the bearing’s annular wall is adjacent the proximal end of the chuck
assembly 20. As shown in Fig. 11, the bearing’s annular wall is adjacent the chuck assembly’s
radially inwardly facing surface 54. The bearing 18 and chuck assembly 20 configuration is thereby
configured to receive both the piston 16 and the drill bit 22. That is, in operation, the piston 16 and
the drill bit 22 are operatively received within the annular confines of both the bearing 18 and the
chuck assembly 20.

[0054] As best show in Figs. 11 and 13, the drill bit 22 is configured about a distal end of the
housing 14. The drill bit 22 includes a shank 80, a shank body 81, a head 82 and a return exhaust 92
for exhausting working fluid volumes within a return chamber 106 of the DHD hammer 10. The
shank 80 generally extends proximally from the head 82. The longitudinal length of the shank 80 1s
about 1.5 to 3.0 and more preferably about 1.7 to 2.0 times the longitudinal length of the head 82.

The shank 80 also includes a shoulder 84 that extends radially outwardly from the shank 80 and is
configured about a proximal end of the shank 80. The shoulder 84 serves as a retaining shoulder for

retaining the drill bit 22 on the DHD hammer 10 when the piston 16 is in the “drop down” position.
The drop down position refers to when working pressure volumes are no longer being supplied to

the DHD hammer 10 and the piston 16 and the drill bit 16 are free to hang from (or relative to) the
housing 14. Fig. 2 illustrates the DHD hammer 10 in the drop down position. Fig. 11 illustrates the
DHD hammer 10 in an impact position. The shoulder 84 is retained by the DHD hammer 10 by

interaction with the chuck assembly 20, as further discussed below.
[0055] The shank 80 also includes an impact surface 85, a thrust shoulder 87 and a plurahty

of shank splines 86 circumscribing the shank 80 that extend radially outwardly for engaging
corresponding chuck splines 88 on the chuck assembly 20 (Fig. 14). The impact surface 85 1s
configured as a superior surface of the shank 80 and located about a proximal end of the shank 80,
as best shown in Fig. 13A. The shank splines 86 are located about a distal end of the shank 80,
proximal to the head 82 and distal to the shoulder 84. The overall diameter of the shoulder 84 1s less
than the overall diameter of the shank splines 86. The thrust shoulder 87 is proximate a proximal
end of the shank splines 86 and distal to the impact surface 85 and the shoulder 84. The thrust
shoulder 87 extends radially inwardly from the external surfaces of the shank splines 86 and from

the surface supporting the splines 86 and defining the spaces between the splines 86 or radially
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outwardly from the surface of the shank body 81. The thrust shoulder 87 is preferably a planar
thrust shoulder 87 that is perpendicular to a longitudinal axis of the shank 80. The overall outer
diameter of the thrust shoulder 87 is greater than the overall outer diameter of the shoulder 84 but
less than the overall outer diameter of the shank splines 86. The thrust shoulder 87 is also preterably
spaced apart from the shoulder 84.

[0056] The head 82 is configured to reside completely outside and inferior to the housing 14
(see Fig. 1). As such, the size of the head 82 is not limited to the size of the housing 14, but can be
advantageously configured to be as large as possible without restrictions owing to the housing 14.
The drill bit 22 also includes a bit shoulder 89 configured proximate a proximal end of the head 82
and a distal end of the shank splines 86, as best shown in Fig. 13A. That is, the bit shoulder 89,
about the intersection of the shank 80 and head 82, extends radially outward from shank .80. The
overall diameter of the bit shoulder 89 is greater than the overall diameter of the thrust shoulder 87
and shank splines 86.

[0057] In operation, the thrust shoulder 87 operatively engages with the DHD hammer 10
such that the DHD hammer 10 strikes/impacts upon the thrust shoulder 87 to force the drill bit 22 to
contact a drilling surface. In particular, the thrust shoulder 87 is configured to operatively engage
and directly contact a flange of a chuck assembly, such as an inferior surface 102 of flange 96 of the
chuck assembly 20 or a segmented chuck assembly 20’ (Fig. 15), as described below. The
configuration of the thrust shoulder 87 higher up on the drill bit 22 (i.e., above the shank splines 86)
advantageously promotes alignment of the drill bit 22 within the housing 14. It further helps prevent
the occurrence of debris accumulation or entrapment of debris at the thrust shoulder 87 as it is not
exposed outside the housing 14 during operations. That is, the thrust shoulder 87 is located higher
up on the drill bit 22 and consequently higher up within the housing 14, which helps prevent the '
accumulation and/or entrapment of debris therein. This is significant over the prior art where the
thrust shoulder is lower and nearer the head of the drill bit and directly exposed to debris, especially
when in the drop down position. As such, when debris accumulates or gets entrapped within the

thrust shoulder of such conventional DHD hammers, the drill bit can be prevented from reaching its

actuating position and/or prevent the hammer’s piston from actuating.

[0058] The chuck assembly 20 is shown in Figs. 14 and 15. The chuck assembly 20 1s
preferably a segmented chuck assembly 20’ with three individual chuck segments or aws” 20a-c.
While three chuck segments are preferred, the segmented chuck assembly 20’ can be configured
with only two or more than three chuck segments. Each chuck segment e.g., 20a, is arcuate having

an arc of about 120 degrees. In particular, the chuck segment’s inner surface 54 is concavely
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arched, while the chuck segment’s outer surface 54' is convexly arched. Collectively, chuck

segments 20a-c are assembled to form a tubular circular chuck assembly that circumscribes the drill
bit 22 (Fig. 11).

[0059] When assembled within the DHD hammer 10, the bearing 18 is partially housed
within the chuck assembly 20 (Fig. 11). The bearing 18 is confined within the chuck assembly 20
by radially inward pressure developed by the chuck assembly’s threaded engagement with the
housing’s threads 28b. The bearing 18 and chuck assembly 20 configuration advantageously allows
for the DHD hammer 10 to utilize a shorter drill bit 22, compared to traditional DHD hammer drill
bits. That is, for traditional DHD hammers, the bearing is situated above the chuck assembly. Thus,
the drill bit for traditional DHD hammers needed to be of sufficient length to operatively engage
both the chuck assembly and the bearing. This was accomplished by the use of drill bits having a
length sufficient to extend and reach both the chuck assembly and the bearing located above the
chuck assembly. However, the present invention provides for a bearing 18 that at least partially
overlays the chuck assembly 20, thereby allowing for the utilization of a shorter drili bit 22
compared to traditional DHD hammer drill bits. Furthermore, the bearing 18 and chuck assembly
20 configuration not only advantageously provides for the utilization of a shorter drill bit 22, but
also provides for the utilization of a shorter piston 16 in conjunction with the shorter drili bit 22.
[0060] Each of the plurality of chuck segments 20a-c are substantially identical and for sake
of convenience, the plurality of chuck segments 20a-c will now be described with reference to a
single chuck segment 20a. Chuck segment 20a includes a proximal end 94a, a distal end 94b and a
flange 96 about a middle portion of the chuck segment 20a. The outer surface of the proximal end
94a includes threads 98 configured to engage corresponding threads 28b on the inner surface of the
housing 14. The threads are continuously spiral from segment to segment. The threads 98 enable
the segmented chuck assembly 20’ to be connectable to the housing 14.

[0061] = The distal end 94b of the chuck segment 20 includes the plurality of chuck splines 83
for engaging the plurality of shank splines 86 on the drill bit 22. When the segmented chuck
assembly 20’ is assembled, the distal end of the segmented chuck assembly 20’ is configured to
receive the shank 80 of the drill bit 22. The overall diameter of the distal end 96 is also contigured

to be larger than the overall diameter of the proximal end 94a, thereby forming an outwardly

extending ledge 100.
[0062] The flange 96 is generally positioned about the intersection of the proximal end 94a

and the distal end 96b of the chuck segment 20a (i.e., about a middle section) and serves as a bit

retaining element. The flange 96 is a radially inwardly extending flange 96 and extends radially
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inwardly from an interior surface of the chuck segment 20a. When each of the plurality of chuck

segments 20a-c are assembled forming the segmented chuck assembly 20, the flange 96 extends
radially inwardly forming an inner diameter of the flange 96 having a dimension that is lafger then
the shank body 81 outside diameter D5, but smaller than the shoulder 84 outside diameter D6. As
such, when the segmented chuck assembly 20’ engages the drill bit 22, the flange 96 operatively
engages the shoulder 84 of the drill bit 22 thereby retaining the drill bit 22 on the DHD hammer 10
when the DHD hammer 10 is in the drop down position. Preferably, the flange 96 is configured to
directly engage the shoulder 84, as shown in Fig. 2. The flange 96 is also configured with an
inferior surface 102 configured to engage the thrust shoulder 87 of the shank 80. The segmented
chuck assembly 20’ thereby advantageously provides for a chuck assembly that includes a bit
retaining/thrust bearing element 96. This advantage is provided for in part as the segmented chuck
assembly 20’ is assembled to the drill bit 22 from a radial direction as opposed to being assembled to
the drill bit 22 from an axial direction.

[0063] In general, the segmented chuck assembly 20’, drill bit 22 and bearing 18 combination
can be used in conjunction with any compatible piston of a DHD hammer, such as a solid core
piston 16 or a conventional piston having a thru-hole (not shown).

[0064] Fig. 2 illustrates a fully assembled DHD hammer 10 in a drop down position. As
readily known in the art, the DHD hammer 10 includes a drive chamber 54, a reservoir 64 and a
return chamber 106 (Fig. 11). The drive chamber 54 is located between the backhead 12 and piston
16 about a proximal end of the DHD hammer 10 and formed in part by the backhead 12, housing 14
and piston 16. The drive chamber 54 is also configured to be in communication with the exhaust
valve stem 42. The reservoir 64 is located between the housing 14 and the piston 16 and formed by
the housing 14 and piston 16 walls. The return chamber 106 is located between the piston 16 and
the drill bit 22, about a distal end of the DHD hammer 10. The return chamber 106 1s formed
generally by the walls of the housing 14, piston 16 and drill bit 22.

[0065] The DHD hammer 10 also includes a porting system to provide working fluid volumes
e.g., a supply flow, within the DHD hammer 10. Such porting systems are well known in the art and
a detailed description of them is not necessary for a complete understanding of the present
invention. However, as shown in Fig. 2A, such porting systems can include a central port, such as
supply inlet 36 and feed port 37. The feed port 37 provides supply pressure to the DHD hammer 10
via fluid passageways within the housing 14 and into the reservoir 64, drive chamber 54 via blow
ports 108 and return chamber 106. Exhaust from the return chamber 106 is expelled from the DHD
hammer 10 through the return exhaust 92. Overall, the porting system provides a fluid passageway
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for the supply and return of working fluid volumes within the drive chamber 54, reservoir 64 and

return chamber 106, which are compressed and exhausted to reciprocally drive the piston 16 within
the housing 14. '

[0066] In operation, the piston 16 of the DHD hammer 10 of the present embodiments 1S
percussively driven as a result of alternating high and low pressure fluids e.g., gas entering and
existing the drive chamber 104 and return chamber 106. High pressure gas initially enters the DHD
hammer 10 through the backhead 12 and passes down the supply inlet 36. The high pressure gas
then enters the drive chamber 54 and return chamber 106 through the conventional porting system to
p_e;réussively drive the piston 16 within the housing 14 along a longitudinal axis of the housing 14.
[0067] When operation of the DHD hammer 10 ceases, for example to add additional length
segments to the drill pipe, the DHD hammer 10 drops into the drop down position (Fig. 2). When in
the drop down position, the piston 16, the bearing 18, the seal 66 and the housing 14 form a seal to
prevent fluid communication to the drive chamber 54 from a distal end of the DHD hammer 10.
That is, when in use, the DHD hammer 10 is immersed in water, which likely contains cutting
debris. High pressure gas within the DHD hammer 10 during use prevents the ingress of such water
and debris into the DHD hammer’s interior. If such water and debris enters the DHD hammer’s
interior it can adversely effect the DHD hammer’s operation and performance. However, when in
the drop down position, the high pressure gas is turned off, but the seal formed by the piston 16, the
bearing 18, the seal 66 and the housing 14 advantageously prevents water and debris from entering
thé. DHD hammer’s interior.

[0068] The present invention advantageously provides for a DHD hammer 10 that prevents
the ingress of water and debris from entering the DHD hammer 10 and in particular the drive
chamber 54 when in a non-use state, i.e., when high pressure gases are not being expelled from the
DHD hammer 10. In the non-use state, the DHD hammer 10 is in the drop down position. In the
drop down position, water and debris is prevented from entering the drive chamber 54 of the DHD
hammer 10 by a seal created by the interaction of the solid core piston 16, the bearing 18, the seal
66, and the housing 14. The seal in part is generated by the weight of the piston 16 itself on the seal
66 and its interaction with the bearing 18. The seal thus created prevents the ingress of any
water/debris from flowing into the main internal areas of the DHD hammer 10, such as the drive
chamber 54. Such sealing capabilities of the DHD hammer 10 is possible owing to the solid core
piston 16 configuration.

[0069] The proximal end of the DHD hammer 10 is also typically submerged in water/debris

when in the non-use state. As such, water/debris can enter the DHD hammer 10 through openings
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(e.g., opening 26) in the housing 14 of the DHD hammer 10. However, the present invention
advantageously provides for a check valve assembly 40 that can seal off the flow of water/debris
from entering the main internal areas of the DHD hammer 10, such as the drive chamber 54. That
is, the plug seal 48 seals the exhaust valve stem 42, thereby preventing the ingress of water/debris
from entering the drive chamber 54. Since the plug seal 48 of the check valve assembly 40 forms a
seal upon being acted on by gravity in the absence of high pressure working fluid volumes being
expelled from to the DHD hammer 10, additional hydrostatic pressure exerted on the plug seal 43 by
the water/debris within the hole just drilled by the DHD hammer 10 will aid to further enhance the
plug seal’s sealing capability. This is a significant advantage compared to other DHD hammer
configurations because the total water/debris column within a drilled hole can generate a hydrostatic
pressure that exceeds several hundred feet of water. This hydrostatic pressure build up can
signtficantly stress conventional DHD hammer seals and lead to the contamination of a DHD
hammer’s main internal areas. However, the present invention’s check valve assembly 40 which
Incorporates a gravity-based secal takes advantage of the drill holes hydrostatic pressure buildup in
enhancing the DHD hammer’s seal, thereby preventing the ingress of water/debris about the
proximal end of the DHD hammer 10 from entering the DHD hammers internal areas, such as the

drive chamber 54.
10070} The scope of the claims should not be limited by the preferred

embodiments and examples, but should be given the broadest interpretation consistent

with the description as a whole.
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CLAIMS

1. In a down-the-hole dnll hammer including a housing; and a piston mounted within the housing
and configured to reciprocatively move within the housing along a longitudinal direction; an
improvement comprising:
a drill bit including;
a head, and
a shank having a thrust shoulder and a shoulder proximal to the thrust shoulder; and
a segmented chuck assembly configured to connect to the down-the-hole drill hammer and
recetve the shank of the drill bit, the segmented chuck assembly including a plurality of chuck segments
circumscribing the drill bit, each chuck segment including:
a proximal end configured to connect to the housing,
a distal end configured to receive the drill bit, and
a flange configured to operatively engage the thrust shoulder of the dnll bit, and further

engage at least the shoulder of the drill bit when in a drop down position.

2. In a down-the-hole drill hammer according to claim 1, the improvement further comprising the
flange extending radially inwardly from an interior surface of the chuck segment for retaining the drill bit

within the segmented chuck assembly.

3, In a down-the-hole drill hammer according to claim 1, the improvement further comprising each

of the plurality of chuck segments being arched.

4, In a down-the-hole drill hammer according to claim 1, the improvement further comprising the

shoulder of the shank being a radially extending shoulder that extends outwardly from an outer surface of
the shank.

S. In a down-the-hole drill hammer according to claim 1, the improvement further comprising the

flange extending radially inwardly from an interior surface of the chuck segment.

6. In a down-the-hole drill hammer according to claim 1, the improvement further comprising a

bearing within the housing configured to receive the piston and the drill bit.
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7. In a down-the-hole drill hammer according to claim 6, the improvement further comprising the
bearing being configured to operatively engage the piston, the drill bit, the segmented chuck assembly,

and the housing.

8. In a down-the-hole drill hammer according to claim 6, the improvement further comprising the

segmented chuck assembly being configured to receive the bearing.

9. In a down-the-hole drill hammer according to claim 6, the improvement further comprising the

segmented chuck assembly being configured to receive the piston and the drill bit.

10. In a down-the-hole drill hammer according to claim 6, the improvement further comprising the
bearing including:
an annular side wall; and

a flange about a proximal end of the bearing configured to engage the segmented chuck assembly.

11. In a down-the-hole drill hammer according to claim 10, the improvement further comprising the

flange of the bearing being in direct contact with the segmented chuck assembly and the housing.

12. In a down-the-hole drill hammer according to claim 1, the improvement further comprising the
drill bit including:

a plurality of shank splines about a distal end of the shank;

the thrust shoulder located proximate a proximal end of the shank splines and distal to the
shoulder; and

a bit shoulder located proximate a distal end of the shank splines.

13. In a down-the-hole drill hammer according to claim 1, the improvement further comprising:
the piston being a solid core piston;
a seal located between the solid core piston and the housing;

a backhead located within the housing and superior to the solid core piston, the backhead

including:
an exhaust port in communication with an opening in the housing,
an exhaust valve stem in communication with the exhaust port, and
a check valve assembly configured to seal the exhaust valve stem when in a closed
configuration.

17



10

15

20

25

30

CA 02777356 2012-04-12

14, In a down-the-hole drill hammer according to claim 13, the improvement further comprising:

a bearing operatively connected to the housing and configured to receive a portion of the solid
core piston;

a drive chamber formed between the backhead and the solid core piston, the drive chamber being
In communication with the exhaust valve stem, and

wherein the solid core piston, the bearing, and the housing is configured with the seal to prevent
fluid communication to the drive chamber from a distal end of the down-the-hole drill hammer when the

solid core piston 1s in a drop down posttion.

15. In a down-the-hole drill hammer according to claim 14, the improvement further comprising the

seal being in direct contact with the bearing and the solid core piston.

16.  Ina down-the-hole drill hammer according to claim 14, the improvement further comprising the

seal being located about a superior surface of the bearing.

17. In a down-the-hole drill hammer according to claim 16, the improvement further comprising the

bearing including an annular recess for receiving the seal.

18. In a down-the-hole drill hammer according to claim 13, the improvement further comprising the

check valve assembly including a plug seal.

19. In a down-the-hole drill hammer according to claim 18, the improvement further comprising the

plug seal being a ball seal.

20. In a down-the-hole drill hammer according to claim 18, the improvement further comprising the

check valve assembly including a guide cage in communication with the exhaust port and the exhaust

valve stem, and wherein the plug seal is movable within the guide cage.

21. In a down-the-hole drill hammer according to claim 20, the improvement further comprising the

plug seal being configured to move between a first position wherein the exhaust port is in communication
with the exhaust valve stem and a second position wherein the exhaust valve stem is sealed from being in

communication with the exhaust port.
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22.  In a down-the-hole drill hammer according to claim 21, the improvement further comprising the

plug seal being movable to the second position by gravity.

23. In a down-the-hole drill hammer according to claim 20, the improvement further comprising the
guide cage including:

a proximal end in communication with the exhaust port; and

a distal end in communication with the exhaust valve stem, and wherein the distal end of the

guide cage is configured to receive the plug seal to seal the exhaust valve stem.
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