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(57) Abstract: A bit assembly is for a percussive drill that includes a casing with an interior chamber and includes a bit connectable

with the casing and having a longitudinal bore and an axis through the bore. The bore has a retainer portion with one or more

& generally . conical inner surfaces extending circumferentially about and facing generally toward the axis. A generally cylindrical
& valve has a longitudinal passage with an inlet fluidly connectable with the casing chamber and an outlet fluidly connectable with the
N bt central bore and an axis through the passage. An engagement portion with at least one generally conical outer surface extends
circumferentially about and faces generally away from the valve axis. The valve engagement portion is disposeable within the bit
bore retainer portion such that the valve conical outer surface is disposed within and against the bit conical inner surface to retain
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the valve coupled with the bit.
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TITLE OF THE INVENTION

Exhaust Valve and Bit Assembly for Down-Hole
Percussive Drills

The present invention relates to down-hole drill assemblies, and more specifically
to bit assemblies for such down-hole drills.

Down-hole percussive drills generally include a casing connected with a source of
pressurized working fluid (e.g., compressed air), a piston movably disposed within the
casing and reciprocally driven by the fluid, and a bit connected with the casing and
including cutting elements on an outer face. In use, the working fluid is appropriately
directed to reciprocate the piston between an impact position, at which the piston strikes
against the bit inner end, and an initial or drive position, from which the piston is driven to
achieve an amount of momentum prior to impact with the bit. The piston is displaced
toward the drive position by fluid channeled into a return chamber defined generally
between the piston and bit. However, after the piston starts moving toward the drive
position (i.e., away from the bit), fluid within the return chamber must be exhausted,
preferably through a longitudinal bore of the bit, to prevent such fluid from slowing the
piston when it moves back toward impact with the bit.

To prevent premature exhaustion of the return chamber, percussive drills are often
provided with a device known as an exhaust tube or “foot” valve that extends into the
return chamber from the bit contact end. The valve has a portion that is insertable into a
passage of the piston to prevent evacuation of the chamber until the piston reaches a
certain distance from the bit. Such a valve is inserted into the bit bore and is typically
maintained in the bore by one or more annular shoulders projecting from the valve, which
become disposed in annular grooves extending radially outwardly from the bore into the
bit body. Although such as design for retaining the valve within the bit bore is generally
effective, stress tends to concentrate at the points of contact between the valve shoulder

and bit grooves, which may cause early failure of the valve.
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SUMMARY OF THE INVENTION

In one aspect, the present invention is a bit assembly for a percussive drill, the drill
including a casing with an interior chamber. The bit assembly comprises a bit connectable
with the casing and having a longitudinal bore and an axis extending centrally through the
bore. The bore has a retainer portion with at least one generally conical inner surfaces
extending circumferentially about and facing generally toward the axis. Further, a
generally cylindrical valve has a longitudinal passage, the passage having an inlet fluidly
connectable with the return chamber and an outlet fluidly connectable with the bit central
bore, an axis extending centrally through the passage, and an engagement portion. The
engagement portion has at least one generally conical outer surfaces extending
circumferentially about and facing generally away from the valve axis. Furthermore, the
valve engagement portion is disposeable within the bit bore retainer portion such that the
valve conical outer surface is disposed within and against the bit conical inner surface so
as to retain the valve coupled with the bit.

In another aspect, the present invention is a percussive drill assembly comprising a
casing with an interior chamber and a longitudinal axis a piston movably disposed within
the casing chamber. The piston is displaceable generally along the axis and has a central
longitudinal axis. A bit is connected with the casing and has a longitudinal bore and an
axis extending centrally through the bore. The bore has a retainer portion with one or
more generally conical inner surfaces extending c‘ircumferentially about and facing
generally toward the axis, the conical surfaces being spaced apart axially when the bit has
at least two surfaces. Further, a generally cylindrical valve has a longitudinal passage, the
passage having an inlet fluidly connected with the return chamber and an outlet fluidly
connected with the bit central bore, an axis extending centrally through the passage, and an
engagement portion. The valve engagement portion has one or more generally conical
outer surfaces extending circumferentially about and facing generally away from the valve
axis, the conical surfaces being spaced apart axially when the valve has at least two
surfaces. Furthermore, the valve engagement portion is disposed within the bit bore
retainer portion to thereby couple the valve with the bit, each valve conical outer surface
being disposed against a separate bit conical inner surface.

In a further aspect, the present invention is again a bit assembly for a percussive
drill, the drill including a casing with an interior chamber. The bit assembly comprises a
bit connectable with the casing and having a longitudinal bore and an axis extending

centrally through the bore. The bore has a retainer portion with at least one generally



10

15

20

25

30

WO 2006/116646 PCT/US2006/016126
3-

conical inner surface extending circumferentially about and facing generally toward the
axis, the inner conical surface extending along a substantial portion of the bore. A
generally cylindrical valve has a body with a longitudinal passage, the passage having an
inlet fluidly connectable with the casing chamber and an outlet fluidly connectable with
the bit central bore. An axis extends centrally through the passage, the body having a
length along the axis, and an engagement portion with at least one generally conical outer
surface extending circumferentially about and facing generally away from the valve axis,
the at least one outer conical surface extending along a substantial portion of the body
length. The valve engagement portion is disposeable within the bit bore retainer portion
such that the valve conical outer surface is disposed at least partially within the bit conical
inner surface to retain the valve coupled with the bit, at least a substantial portion of the
valve outer surface being engageable with the bit inner surface so that a generally uniform
contact pressure is generated between the inner and outer conical surfaces.

In a further aspect, the present invention is an exhaust valve for a percussive drill,
the drill including a casing with an interior chamber and a bit connectable with the casing.
The bit has inner and outer ends and a longitudinal bore extending between the two ends
and having an inner circumferential surface. The exhaust valve comprises a generally
cylindrical body with first and second ends and a longitudinal passage extending between
the two ends, the passage having an inlet at the first end fluidly connectable with the
casing chamber and an outlet at the second end fluidly connectable with the bit central
bore. The valve body includes a generally cylindrical regulator portion disposeable within
the casing chamber and a generally f:onical engagement portion spaced axially from the
regulator portion and at least partially disposeable within the inner end of the bit bore. The
engagement portion has at least one generally conical outer surface frictionally engageable
with the bit bore inner surface to retain the valve coupled with the bit. Further, the at least
one conical surface has a first circumferential edge located generally proximal to the
regulator portion, a second circumferential edge located generally proximal to the body
second end, and an outside diameter that varies generally linearly between a first value at
the surface first edge and a second value at the surface second edge, the diameter second

value being greater than the diameter first value.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
The foregoing summary, as well as the detailed description of the preferred

embodiments of the present invention, will be better understood when read in conjunction
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with the appended drawings. For the purpose of illustrating the invention, there is shown
in the drawings, which are diagrammatic, embodiments that are presently preferred. It
should be understood, however, that the present invention is not limited to the precise
arrangements and instrumentalities shown. In the drawings:

Fig. 1 is a broken-away, cross-sectional view of a drill having a bit assembly in
accordance with the present invention;

Fig. 2 is an enlarged, broken-away cross-sectional view of a first construction of
the bit assembly, shown with the bit and valve spaced apart prior to coupling thereof;

Fig. 3 is another enlarged, broken-away cross-sectional view of a bit and valve of
Fig. 2, shown with the valve coupled with the bit;

Fig. 4 is a greatly enlarged, broken-away view of a portion of Fig. 3;

Fig. 5 is an elevational view of one preferred construction of the valve;

Fig. 6 is an enlarged, broken-away cross-sectional view of a second construction of
the bit assembly, shown with the bit and valve spaced apart prior to coupling thereof;

Fig. 7 is another enlarged, broken-away cross-sectional view of a bit and valve of
Fig. 6, shown with the valve coupled with the bit; and

Fig. 8 is a greatly enlarged, broken away view of a portion of Fig. 7.

DETAILED DESCRIPTION OF THE INVENTION

Certain terminology is used in the following description for convenience only and
is not limiting. The words “lower”, “upper”, “upward”, “down” and “downward”
designate directions in the drawings to which reference is made. The words "inner",
"inwardly" and "outer", "outwardly" refer to directions toward and away from,
respectively, a designated centerline or a geometric center of an element being described,
the particular meaning being readily apparent from the context of the description. Further,
as used herein, the word "connected" is intended to include direct connections between
two members without any other members interposed therebetween and indirect
connections between members in which one or more other members are interposed
therebetween. The terminology includes the words specifically mentioned above,
derivatives thereof, and words of similar import.

Referring now to the drawings in detail, wherein like numbers are used to indicate
like elements throughout, there is shown in Figs. 1-8 a bit assembly 10 for a percussive
drill 1. The drill 1 includes a casing 2, the casing 2 having an interior chamber 3 and a

longitudinal axis 2a, and a piston 4 movably disposed within the casing chamber 3 so as to
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be displaceable generally along the axis 2a, the piston 4 having a central longitudinal
passage 4a. The bit assembly 10 basically comprises a bit 12 connectable with the casing
2 and a generally cylindrical or tubular exhaust valve 14 coupleable with the bit 12. The
bit 12 has a longitudinal bore 13, an axis 12a extending centrally through the bore 13, and
opposing inner and outer axial ends 12b, 12c, the inner or upper end 12b being disposed
within the casing 2 (and contactable by the piston 4) and the outer or lower end 12¢ being
disposed generally externally of the casing 2 when the bit 12 is connected with the casing
2. The bit bore 13 has a retainer portion 16 with at least one generally conical inner
surface 18 extending circumferentially about and facing generally toward the axis 12a and
a flow portion 27 extending between the engagement portion 16 and the bit outer end 12c.
In a first construction shown in Figs. 1-5, the bit 12 has a single conical inner surface 18
extending along a substantial part (i.c., substantially the entire extent) of the retainer
portion 16. Alternatively, in a second construction depicted in Figs. 6-8, the bit retainer
portion 16 includes a plurality of conical surface sections 19 (e.g., three sections 19A,
19B, 19C, as shown) spaced apart generally along the bit axis 12a, and one or more
generally concave surfaces 21 (Fig. 8) extending between each pair of adjacent conical
surface sections 19, as described in further detail below.

Further, the exhaust valve 14 has a longitudinal axis 14a, opposing ends 14b, 14¢
spaced apart along the axis 14a, and a longitudinal passage 15. The valve passage 15 has a
first port or inlet 15a extending through the valve first or upper end 14b and fluidly
connectable with the casing chamber 3 and a second port or outlet 15b extending through
the valve second or lower end 14¢ and fluidly connectable with the bit central bore 13, the
axis 14a extending centrally through the passage 15. Preferably, the valve 14 includes a
generally cylindrical body 17 with first end second ends 17a, 17b and a generally circular
bore 17c extending between the two ends 17a, 17b and providing the passége 15, but may
alternatively be constructed having any other appropriate shape/structure that is capable of
functioning as generally described herein.

Furthermore, the valve 14 has an engagement portion 20 with at least one generally
conical outer surface 22 extending circumferentially about and facing generally away from
the valve axis 14a. In a first construction shown in Figs. 1-5, the valve 14 has a single
conical outer surface 22 extending along a substantial part or axial extent of the
engagement portion 20. More specifically, the valve body 17 has a length L along the axis
14a and the outer conical surface 22 (and thus also the engagement portion 20) preferably

extends along a substantial portion of the body length L (e.g., about one half of the length
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L), such that a relatively large contact area is provided by the valve engagement portion
20. In a second construction depicted in Figs. 6-8, the valve engagement portion 20
includes a plurality of conical surface sections 23 (e.g., three sections 23A, 23B, 23C, as
shown) spaced apart generally along the valve axis 14a, and one or more generally
concave surfaces 25 extending between each pair of adjacent conical surface sections 23,
as described in further detail below.

Referring to Figs. 1, 3 and 4, in the first construction, the valve engagement portion
20 is disposeable within the bit bore retainer portion 16 to couple the valve 14 with the bit
12, such that the valve conical outer surface 22 is disposed substantially entirely against
the bit conical inner surface 18. In other words, at least a substantial portion of the valve
outer conical surface 22 contacts or engages with the valve inner conical surface 18 when
the valve 14 is engaged with the bit 12. With the second bit assembly construction, each
valve conical outer surface section 23A, 23B, 23C, etc. is disposed substantially entirely
against a separate one of the bit conical inner surface sections 19A, 19B, 19C, etc.,
respectively, as shown in Fig. 6. Preferably, the valve conical outer surface 22 or surface
sections 23 are each frictionally engageable with the bit conical inner surface 18 or a
corresponding surface section 19 so as to thereby couple the valve 14 with the bit 12.
Most preferably, the valve conical surface 22 or surface sections 23 are each engageable
with the bit conical surface 18/surface section 19 such that a normal or “contact” pressure
P between the two conical surfaces 18, 22 or surface sections 19, 23 is at least generally
and preferably substantially uniform at all points within a contact zone Z¢ extending
generally along the bit axis 14a (see Fig. 4). In other words, the frictional force F coupling
the valve 14 and the bit 12 is generally equal at all points of contact between the valve
conical outer surface 22, or surface sections 23, and the bore conical inner surface 18 or
surface sections 19. Although it is preferred to maintain the two parts 12, 14 coupled
together once connected, the valve 14 may be uncoupled from the bit 12 by applying a
sufficient axial force to slide the valve engagement portion 20 out of the bit retainer
portion 16.

Referring to Figs. 2-5, with the first construction of the bit assembly 10, the bore
conical inner surface 18 has axially spaced apart circumferential edges 18a, 18b, the first
edge 18a being located generally proximal to the bit inner end 12b and the second edge
18b being located genefally between the bit inner and outer ends 12a, 12b, and an inside
diameter D;. The bore conical surface inside diameter Dy varies generally linearly

between a first value vy; at the surface first edge 12a and a second value vy, at the surface
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second edge 18b, the second value vp being greater than the first value vp. In other
words, the inside diameter Dy of the bore inner conical surface 18 tapers from the second
edge 18b to the first edge 18a through a generally constant taper angle Ag, as indicated in
Figs. 2 and 3. In a similar manner, the valve conical outer surface 22 has axially-spaced
apart first and second circumferential edges 22a, 22b, the valve surface first edge 22a
being disposed proximal to the bit surface first edge 18a and the valve surface second edge
22b being disposed proximal to the bit surface second edge 18b when the valve 14 is
coupled with the bit 12, and an outside diameter Do. The valve outside diameter Do varies
generally linearly between a first value vo; at the valve surface first edge 22a and a second
value v, at the valve surface second edge 22b, the second value vo, being greater than the
first value vo;. Thus, the outside diameter Do of the valve outer conical surface 22 tapers
from the second edge 22b to the first edge 22a through a generally constant taper angle Ay
(see Figs. 2 and 3). The valve taper angle Ay is substantially equal to the bit taper angle
Ag; preferably, each one of the bit and valve taper angles Ag, Ay has a value between
about 0.5° and about 3.0°.

Furthermore, when the valve 14 is separate from or “non-engaged” with the bit 12,
the first value vo; of the valve outside diameter Do is greater than the first value vy of the
bit inside diameter Dy and the second value vo; of the valve outside diameter Do is greater
than the second value vo; of the bit inside diameter Dy. In other words, when the two
components 12, 14 are uncoupled, the valve outer surface 22 is spaced outwardly from the
valve axis 14a by a greater radial distance than the bit inner surface 18 is spaced from the
bit axis 12a. As such, when the valve engagement portion 20 is inserted into the bore
retainer portion 16, the valve 14 engages the bit 12 with an interference fit. Specifically,
the valve engagement portion 20 must be press-fit into the bore retainer section 16, which,
due to the structure described above, generates the substantially uniform contact pressure P
between the mating surfaces 18, 22, and thus the frictional forces that maintain the valve
14 coupled with the bit 12.

Referring instead to Figs. 6-8, in a manner similar to the first construction, each
bore conical inner surface section 19 of the second bit construction has axially spaced
apart circumferential edges 19a, 19b and an inside diameter Dg;. Each first edge 19a being
located generally more proximal to the bit inner end 12b and each second edge 19b being
located generally more distal from the bit inner end 12b, the one or more concave surfaces
21 extending between the second edge 19b of one surface section (e.g., 19A) and the first

edge 19b of an adjacent surface section (e.g., 19B). Each bore conical surface section
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inside diameter Dg; varies generally linearly between a first value vsy at the surface first
edge 19a and a second value vgp, at the surface second edge 19b, the second value vy,
being greater than the first value vgp, such that each inside diameter Dg; of the inner
surface sections 19A, 19B, 19C tapers from the second edge 19b to the first edge 19a
through a generally constant taper angle Agg, as indicated in Fig. 6. Similarly, the valve
conical outer surface sections 23 of the second valve construction each have axially-
spaced apart first and second circumferential edges 23a, 23b and an outside diameter Do,
the one or more concave surfaces 25 extending between the second edge 23b of one
surface section (e.g., 23A) and the first edge 23b of an adjacent surface section (e.g., 23B).
Each valve surface section first edge 23a is disposed proximal to a corresponding bit
surface section first edge 19a, and each valve surface second edge 23b is disposed
proximal to the corresponding bit surface section second edge 19b, when the valve 14 is
coupled with the bit 12. Each valve surface section outside diameter Dso varies generally
linearly between a first value vo; at the valve surface first edge 23a and a second value
vsoz at the valve surface second edge 23b, the second value vo, being greater than the first
value vso;. Thus, the outside diameter Dgo of each valve outer conical surface section 23
tapers from each second edge 23b to each first edge 23a through a generally constant taper
angle Asv, and the angles Asy of the multiple surface sections 23 are substantially equal
(see Fig. 6). Further, each valve surface section taper angle Agy is substantially equal to
the taper angle Agp of each corresponding bit surface section 19; preferably, each one of
the bit and valve surface section taper angles Agp, Asy has a value between about 3° and
about 5°, and thus greater than the taper angles Ap, Ay of the first bit assembly
construction for reasons described below.

Furthermore, as with the first construction, when the valve 14 and bit 12 of the
second construction are separate from or non-engaged with each other, the first value vso;
of the outside diameter Dgo of each valve surface section 23 is greater than the first value
vsn of the inside diameter Dg; of the corresponding bit surface section 19, and each outside
diameter second value vso; is greater than each corresponding inside diameter second
value vsp. Thus, when the two components 12, 14 are uncoupled, each valve outer surface
section 23 is spaced outwardly from the valve axis 14a by a greater radial distance than the
corresponding bit inner surface section 19 is spaced from the bit axis 12a. Therefore,
when the valve engagement portion 20 is inserted into the bore retainer portion 16, the
valve 14 engages the bit 12 with an interference fit, such that the valve engagement

portion 20 must be press-fit into the bore retainer section 16, which, due to the structure
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described above, generates the substantially uniform contact pressure P between each pair
of mating surfaces 19, 23, and thus the frictional forces that maintain the valve 14 coupled
with the bit 12.

Preferably, the bore retainer portion 16 has an interior end 16a located between the
bit axial ends 12a, 12b, such that the bore flow portion 27 extends from the retainer end
16a to the bit outer end 12a, and the second circumferential edge 18b of the bore conical
surface 18 is axially spaced from the interior end 16a (i.e., toward the bit inner end 12b).
As such, the retainer portion 16 of both bit assembly constructions further has a generally
cylindrical inner surface 26 and a radial shoulder surface 28, which are preferably
connected by a radiused surface 31. The cylindrical inner surface 26 extends
circumferentially about the bit axis 12a and axially between the retainer portion interior
end 16a and the conical surface second edge 18b. The shoulder surface 28 extends
generally radially between the cylindrical inner surface 26 and the bore flow portion 27.
Further, the cylindrical inner surface 26 is preferably spaced radially outwardly with
respect to the inner circumferential surface 27a of the bore flow portion 27, such that the
shoulder surface 28 faces generally toward the bit inner end 12b.

Additionally, the second edge 22b of the valve conical outer surface 22 of the first
bit assembly construction or of the “lowermost” conical outer surface section 23A (i.e.,
the outer surface section 23 most proximal to valve second end 14c) of the second
construction is preferably spaced axially from the valve second end 14c. As such, the
valve engagement portion 20 of both bit assembly constructions further has a generally
cylindrical outer surface 32. Specifically, the cylindrical outer surface 32 extends
circumferentially about the valve axis 14a and generally axially between the valve second
end 12b and the conical outer surface second edge 22b. Further, the valve 14 also has a
generally radial end surface 34 located at the valve second end 14c, which extends about
the valve second port 15b and is contactable with the bore shoulder surface 28, as
discussed below. Referring particularly to Fig. 5, the valve engagement portion 20 may be
formed so as to also include an offset section 38 spaced radially inwardly from the
cylindrical outer surface 32, such that a generally radial shoulder 36 extends between the
cylindrical outer surface 32 and the offset section 38, and axially between the cylindrical
surface 32 and the end surface 34. Such an offset section 38 is provided to facilitate
insertion of the valve engagement portion 20 into the bore inner end 13a.

With the structure described above, when the valve engagement portion 20 is

disposed within the bit retainer portion 16, the valve end surface 34 is disposed generally
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against the bore shoulder surface 28 and the valve cylindrical outer surface 32 is disposed
within the bit cylindrical inner surface 26. As such, contact between the valve shoulder
surface 32 and the bit bore first shoulder surface 28 substantially prevents relative
displacement between the valve 14 and the bit 12 in a first direction d; along the bit axis
12a. Further, contact between the valve conical outer surface 22 or surface sections 23 and
the bit conical inner surface 18 or surface sections 19, respectively, prevents relative
displacement between the valve 14 and the bit 12 in a second, opposing direction d, along
the axis 12a during normal use of the drill 1. Preferably, the valve 14 remains coupled
with the bit 12 during the productive life of the bit assembly 10, and the bit assembly 10 is
discarded and replaced as a single unit. However, if it were desired to uncouple the valve
14 from the bit 12 (e.g., if newly connected valve 14 found defective/damaged), a
sufficient force applied to the valve 14 in the second direction d; along the axis 12a will
enable the valve 14 to deform radially inwardly to an extent sufficient to enable the valve
conical outer surface 22/surface sections 23 to slide against the bit conical inner surface
18/surface sections 19 in the second direction d, until the valve 14 is disengaged from the
bit 12, as discussed in further detail below.

Referring again to Fig. 5, the valve engagement portion 16 preferably further has at
least one groove 40 extending generally radially into the valve 14 from the conical outer
surface 22 and generally axially between opposing first and second axial ends 20a, 20b of
the engagement portion 20. The one or mores grooves 40 (only one shown) are each
fluidly connectable with the casing chamber 3 and with the bit bore 13 so as to permit fluid
flow generally between the valve engagement portion 20 and the bit bore retainer portion
16 when the valve 14 is coupled with the bit 12. Such fluid flow convectively transfers
thermal energy from the interface between the two conical surfaces 18, 22, which may be
generated during normal use of the drill 1. Preferably, the groove(s) 40 further extend
circumferentially about the valve axis 14a such that each groove 40 is generally helical,
but may alternatively have any other appropriate shape and/or orientation with respect to
the valve 14, such as for example, one or more longitudinal slots (not shown).

Referring again to Figs. 1-7, the valve 14 further has a generally cylindrical
“yalving” or regulator portion 50 that extends axially between the engagement portion 20
and the valve first end 14b, such that the regulator portion 50 includes the valve first port
152 and a portion of the central passage 15. When the valve 14 is coupled with the bit 12
and the bit 12 is connected with the casing 2, the regulator portion 50 extends into the

casing return chamber 3 from the bit inner end 12b and generally along the casing axis 2a.
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Further, the valve regulator portion 50 is disposeable within the piston passage 4a when
the piston 4a is located generally proximal to the bit inner end 12b. The valve 14 is
configured to prevent fluid flow between the return chamber 3 and the bit bore 13 when
the regulator portion 50 is disposed within the piston passage 4a. Alternatively, the valve
14 is configured to fluidly connect the casing chamber 3 with the bit bore 13 when the
piston 4 is spaced a sufficient distance from the bit inner end 12b such that the regulator
portion 50 is separate from or non-engaged with the piston 4.

Preferably, the bit 12 is substantially formed of a metallic material, and is most
preferably machined from a low carbon steel forging. The valve 14 is preferably
substantially formed of a polymeric material, such as being machined from extruded or
molded DELRIN® (i.e., acetyl homopolymer) commercially available from the DuPont
Corporation, or a lightweight metallic material, for example being cast from aluminum.
However, it is within the scope of the present invention to form either the bit 12 or valve
14 of any appropriate material and/or by any appropriate process, such as for example,
casting the bit 12 of an alloy steel, injection molding the valve 14 from another polymer,
machining the valve 14 from a low carbon or alloy steel forging, forming the valve 14 ofa
composite of polymeric and metallic materials, etc.

With the structure above, the bit assembly 10 of the present invention is assembled
generally in the following manner. With the bit 12 separate from the casing 2, the valve
second end 14c is positioned at the bore inner end 13a, and then a force is applied in the
first direction d; along the bit axis 12a to partially collapse or deform the valve 14 to
thereby enable the valve 14 to move along the bit axis 12a. The cylindrical outer surface
32, and subsequently the conical outer surface 22, slides against the bit conical inner
surface 18 or surface sections 19 until the valve cylindrical outer surface 32 becomes
disposed within the bore cylindrical inner surface 26, and thereafter the valve radial end 34
contacts the bit radial shoulder 28. At this point, the valve engagement portion 20 is fully
disposed within the bit retainer portion 16, and then valve regulator portion 50 extends
away from the bit inner end 12b. As discussed above, the coupling of the valve 14 and bit
12 is thereafter maintained by the interference fit/frictional interaction between the bit and
valve conical surfaces 18, 22 or surface sections 19, 23 and cylindrical surfaces 26, 32.
The bit assembly 10 may then be installed in the casing 2 such that the bit upper end 12b is
contactable by the piston strike end 4b and the valve regulator portion 50 is disposeable
within the piston passage 4a or/and within the return chamber 3.
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Comparing the first and second constructions of the bit assembly 10, as discussed
above, the bit 12 and the valve 14 of the first construction each have a single conical
surface 18, 22 extending axially along generally the entire axial length Iy, I of the retainer
and engagement portions 16, 20. In the second bit assembly construction, the bit 12 and
valve 14 each have a plurality of surface sections 19, 23 spaced apart axially along the
retainer and engagement portions 16, 20 and each extending along an equal portion Igy, 1g,
of the overall retainer or engagement portion lengths Ig, I (see Fig. 6). By reducing the
axial length of each engaged pair of surfaces 19, 23, the inner and outer surface sections
19, 23 of the second construction may each be formed with a greater or steeper taper
angles Asp, Asv (e.g., between about 3° and about 5°) as compared with the taper angles
Asg, Asy of the first bit assembly construction (e.g., between about 0.5° and about 3.0°).

With a steeper taper angle Asg, Asy between the engaged bit and valve surfaces 19,
23, axial displacement of the valve 14 with respect to the bit 12, which may occur once the
valve 14 begins to wear, is minimized. However, by increasing the taper angles Agg, Agy,
the inside and outside diameters Dg;, Dgo increase by a greater rate for a given distance
along the bit and valve axes 12a, 14a. As such, the axial length portion lgp, 1g, of each
surface section 19, 23 should not exceed a predetermined value in order to avoid having a
maximum valve outside diameter Dso that is so much greater than the minimum bit inside
diameter Dy that the valve material fails or becomes permanently deformed during
insertion of the valve 14 within the bit 12. Therefore, to provide both an increased value
of the taper angles Asp, Agv (i.e., to reduce valve axial movement), prevent failure or
permanent deformation of the valve 14, and provide a sufficient axial length of the zone of
contact Zc, the bit retainer portion 16 and the valve engagement portion 20 of the second
bit assembly construction are each formed with a plurality of conical surface sections 19,
23.

The bit assembly 10 of the present invention has a number of advantages over
previous designs of the valve 14 and bit 12. By having a zone of contact Zc (see Figs. 4
and 7) between the valve 14 and bit 12 that extends both generally axially along and
circumferentially about the two conical surfaces 18, 22, or pairs of surface sections 19, 23,
and the cylindrical surfaces 26, 32, the contact pressure between the two components 12,
14 is dispersed over a relatively large area. As such, stress concentration in the valve 14 is
substantially reduced, thus significantly reducing the failure rate of thereof. F urther, with
the bore conical surface 18 or surface sections 19 facing generally away from the bit inner

end 12b and engaging the complementary valve surface 22 or surface sections 23, the bit
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12 will tend to bias the valve 14 inwardly toward the bore shoulder surface 28, and away
from the bit inner end 12b, even after the valve 14 begins to wear. As such, the geometry
of the two contact surfaces 18, 22 or each pair of surface sections 19, 23 tends to maintain
the valve 14 at a desired location along the bit axis 12a, and thus coupled with the bit 12.
It will be appreciated by those skilled in the art that changes could be made to the
embodiments described above without departing from the broad inventive concept thereof.
It is understood, therefore, that this invention is not limited to the particular embodiments
disclosed, but it is intended to cover modifications within the spirit and scope of the

present invention as defined in the appended claims.
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We claim:

1. A bit assembly for a percussive drill, the drill including a casing with an interior
chamber, the bit assembly comprising:

a bit connectable with the casing and having a longitudinal bore and an axis
extending centrally through the bore, the bore having a retainer portion with at least one
generally conical inner surface extending circumferentially about and facing generally
toward the axis; and

a generally cylindrical valve having a longitudinal passage, the passage having an
inlet fluidly connectable with the casing chamber and an outlet fluidly connectable with
the bit central bore, an axis extending centrally through the passagé, and an engagement
portion with at least one generally conical outer surface extending circumferentially about
and facing generally away from the valve axis, the valve engagement portion being
disposeable within the bit bore retainer portion such that the valve conical outer surface is
disposed within and against the bit conical inner surface so as to retain the valve coupled

with the bit.

2. The bit assembly as recited in claim 1 wherein at least a substantial portion of the
valve outer conical surface contacts the valve inner conical surface when the valve is

engaged with the bit.

3. The bit assembly as recited in claim 1 wherein the valve conical outer surface is
frictionally engageable with the bit conical inner surface so as to retain the valve coupled

with the bit.

4. The bit assembly as recited in claim 1 wherein the valve conical outer surface is
engageable with the bit conical inner surface such that a contact pressure between the two

conical surfaces is substantially uniform at all points along the bit axis.
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5. The bit assembly as recited in claim 1 wherein:

the bit has opposing inner and outer axial ends, the inner end being disposed within
the casing and the outer end being disposed generally externally of the casing when the bit
is connected with the casing, and the bore conical inner surface has axially spaced apart
circumferential edges, the first edge being located proximal to the bit inner end and the
second edge being located generally between the bit inner and outer ends, and an inside
diameter that varies generally linearly between a first value at the surface first edge and a
second value at the surface second edge, the second value being greater than the first
value; and

the valve conical surface has axially-spaced apart first and second circumferential
edges, the valve surface first edge being disposed proximal to the bit surface first edge and
the valve surface second edge being disposed proximal to the bit surface second edge
when the valve is coupled with the bit, and an outside diameter that varies generally
linearly between a first value at the valve surface first edge and a second value at the valve
surface second edge, the outside diameter second value being greater than the outside

diameter first value.

6. The bit assembly as recited in claim 5 wherein the valve outside diameter first
value is greater than the bit inside diameter first value and the valve outside diameter
second value is greater than the bit inside diameter second value such that the valve

engages the bit with an interference fit.
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7. The bit assembly as recited in claim 5 wherein:

the bit bore further has a flow portion extending between the retainer portion and
the bit inner end and the retainer portion further includes a generally cylindrical inner
surface, the cylindrical surface extending circumferentially about the bit axis and axially
between the conical inner surface second edge and the flow portion, and a shoulder surface
extending radially between the cylindrical inner surface and the bore flow portion and
circumferentially about the bit axis, the shoulder surface facing generally toward the bit
inner end; and

the valve has opposing first end second axial ends, the valve first end being
disposeable within the casing chamber and the valve second end being disposeable within
the bit bore, and the valve engagement portion further has a generally cylindrical outer
surface, the cylindrical outer surface extending circumferentially about the valve axis and
generally axially between the conical outer surface second edge and the valve second end,
and a radial end surface located at the valve second end, the valve end surface being
disposed generally against the bit shoulder surface and the valve cylindrical outer surface
being disposed within the bit cylindrical inner surface when the valve is coupled with the
bit.

8. The bit ‘assembly as recited in claim 6 wherein contact between the valve end
surface and the bit shoulder surface substantially prevents relative displacement between
the valve and the bit in a first direction along the bit axis and contact between the valve
conical outer surface and the bit conical inner surface generally prevents relative
displacement between the valve and the bit in a second, opposing direction along the axis

during use of the drill assembly.
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0. The bit assembly as recited in claim 1 wherein:

the bit has opposing inner and outer axial ends, the inner end being disposed within
the casing and the outer end being disposed generally externally of the casing when the bit
is connected with the casing, and the bore conical surface has axially spaced apart
circumferential edges, the first edge being located proximal to the bit inner axial end and
the second edge being located generally between the bit iﬁner and outer axial ends, the
inner conical surface having an inside diameter that tapers from the second edge to the first
edge through a generally constant taper angle; and

the valve outer conical surface has axially-spaced apart first and second
circumferential edges, the valve surface first edge being disposed proximal to the bit
surface first edge and the valve surface second edge being disposed proximal to the bit
surface second edge when the valve is coupled with the bit, the outer conical surface
having an outside diameter that tapers from the second edge to the first edge through a

generally constant taper angle, the valve taper angle being substantially equal to the bit

taper angle.

10.  The bit assembly as recited in claim 9 wherein each one of the bit and valve taper

angles has a value between about 0.5° and about 3.0°.

11.  The bit assembly as recited in claim 9 wherein:

the inside diameter of the bit inner conical surface has a first value at the first
surface edge and a second value at the second surface edge, the inside diameter first value
being substantially greater than the second value; and

the outside diameter of the valve outer conical surface has a first value at the first
surface edge and a second value at the second surface edge, the outside diameter first

value being substantially greater than the second value.
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12.  The bit assembly as recited in claim 1 wherein:

the bit has opposing inner and outer axial ends, the retainer portion extending
generally from the bit inner end, the bit bore further has a flow portion extending between
the retainer portion and the bit outer end, and the bore retainer portion further has a
shoulder surface extending generally radially between the flow portion and the retainer
portion and generally circumferentially about the bit axis, the shoulder facing generally
toward the bit inner end, and a generally cylindrical inner surface extending axially
between the shoulder and the bore retainer portion and circumferentially about the bit axis;
and

the valve further opposing first and second ends and the valve engagement portion
further has a generally cylindrical outer surface, the cylindrical surface extending axially
between the valve second end and the conical outer surface and circumferentially about the
valve axis, and a generally radial end surface located at the valve second end, the valve
end surface being disposeable generally against the bit shoulder surface and the valve
cylindrical outer surface being disposed within the bit cylindrical inner surface when the

valve is coupled with the bit.

13.  The bit assembly as recited in claim 1 wherein the valve engagement portion has
opposing axial ends and at least one groove extending generally radially into the valve
from the conical outer surface and generally axially between the opposing first and second
axial ends, the groove being fluidly connectable with the casing chamber and with the bit
bore so as to permit fluid flow generally between the valve engagement portion and the bit

bore retainer portion when the valve is coupled with the bit.

14.  The bit assembly as recited in claim 13 wherein the groove further extends

circumferentially about the axis such that the groove is generally helical.
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15.  The bit assembly as recited in claim 1 wherein:

the drill further has a central axis and a piston movably disposed within the casing
chamber 5o as to displace generally along the drill axis, the piston having a longitudinal
passage and a strike end;

the bit has an inner end contactable by the piston strike end; and

the valve further has a regulator portion extending into the casing chamber from
the bit inner end and generally along the drill axis when the valve is coupled with the bit,
the regulator portion being disposeable within the piston passage and the valve being
configured to prevent fluid flow between the casing chamber and the bit bore when the

regulator portion is disposed within the piston passage.

16.  The bit assembly as recited in claim 1 wherein the bit is substantially formed of
metallic material and the valve is substantially formed of one of a polymeric material, a

generally lightweight metallic material, and a composite of polymeric and metallic

materials.

17.  The bit assembly as recited in claim 1 wherein:

the bit retainer portion has a plurality generally conical inner surface sections
extending circumferentially about and facing generally toward the axis, each one of the
conical inner surface sections being spaced axially apart from each other inner surface
section along the bit axis; and

the valve engagement portion has a plurality of generally conical outer surface
sections extending circumferentially about and facing generally toward the axis, each one
of the conical outer surface sections being spaced axially apart from each other outer
surface section along the valve axis and disposed against a separate one of the bit conical
inner surface sections when the valve engagement portion is disposed within the bit bore

retainer portion.
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18. A percussive drill assembly comprising:

a casing with an interior chamber and a longitudinal axis;

a piston movably disposed within the casing chamber so as to be displaceable
generally along the axis, the piston having a central longitudinal axis,

a bit connected with the casing and having an inner end contactable by the piston
strike end, a longitudinal bore, and an axis extending centrally through the bore and
generally collinear with the casing axis, the bore having a retainer portion with a generally
conical inner surface extending circumferentially about and facing generally toward the
axis; and

a generally cylindrical valve having a longitudinal passage, the passage having an
inlet fluidly connected with the casing chamber and an outlet fluidly connectable with the
bit central bore, an axis extending centrally through the passage, and an engagement
portion with a generally conical outer surface extending circumferentially about and facing
generally away from the valve axis, the valve engagement portion being disposeable
within the bit bore retainer portion such that the valve conical outer surface is disposed

within and against the bit conical inner surface to retain the valve coupled with the bit.
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19. A bit assembly for a percussive drill, the drill including a casing with an interior

chamber, the bit assembly comprising:

a bit connectable with the casing and having a longitudinal bore and an axis
extending centrally through the bore, the bore having a retainer portion with at least one
generally conical inner surface extending circumferentially about and facing generally
toward the axis, the inner conical surface extending along a substantial portion of the bore;
and

a generally cylindrical valve having a longitudinal passage, the passage having an
inlet fluidly connectable with the casing chamber and an outlet fluidly connectable with
the bit central bore, an axis extending centrally through the passage, the valve having a
length along the axis, and an engagement portion with at least one generally conical outer
surface extending circumferentially about and facing generally away from the valve axis,
the at least one outer conical surface extending along a substantial portion of the valve
length, the valve engagement portion being disposeable within the bit bore retainer portion
such that the valve conical outer surface is disposed at least partially within the bit conical
inner surface to retain the valve coupled with the bit, at least a substantial portion of the
valve outer surface being engageable with the bit inner surface so that a generally uniform

contact pressure is generated between the inner and outer conical surfaces.
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20.  An exhaust valve for a percussive drill, the drill including a casing with an interior
chamber and a bit connectable with the casing, the bit having inner and outer ends, a
longitudinal bore extending between the two ends and having an inner circumferential
surface, the exhaust valve comprising

a generally cylindrical body with first and second ends and a longitudinal passage
extending between the two ends, the passage having an inlet fluidly at the first body end
connectable with the casing chamber and an outlet at the second body end fluidly
connectable with the bit bore, the valve body including a generally cylindrical regulator
portion disposeable within the casing chamber and a generally conical engagement portion
spaced axially from the regulator portion and being at least partially disposeable within the
bit bore, the engagement portion having at least one generally conical outer surface
frictionally engageable with the bit bore inner surface to retain the valve coupled with the
bit, the conical surface having a first circumferential edge located generally proximal to
the regulator portion, a second circumferential edge located generally proximal to the body
second end, and an outside diameter that varies generally linearly between a first value at
the surface first edge and a second value at the surface second edge, the diameter second

value being greater than the diameter first value.
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