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10 Claims, (ClL 121—10)

This invention relates to automatic valves, and particu-
larly to an air-operated valve for controlling the flow of
water to the cutting head of a rock drill in accordance
with the position of the drill throttle valve.

In rock drill structures of the type in which cleaning
water is fed through the drill to the drill bit, it is conven-
tional to provide a water tube plug in the backhead of the
drill and adjacent the outer end of a removable water
tube. Such a construction makes possible the replace-
ment of the water tube upon mere removal of the water
tube plug, so that the drill need not be lifted out of the
mine when the water tube is broken. In my co-pending
patent application Serial No. 325,005, filed December 9,
1952, for an Automatic Water Valve for Rock Drills, I
have described and claimed an improved automatic water
valve which is shaped as a water tube plug and may be
substituted for it, and which is removable when it is
desired to replace a broken water tube.

The present invention constitutes an improvement over
the structure illustrated in my co-pending application, and
is particularly directed to the solution of the following
problems which may arise in the use of the described
automatic valve, particularly where adequate maintenance
and lubrication operations are not carried out. The first
problem is that of sticking of the valve components after
the initial lubrication has been lost. It is highly important
in mining operaticns, where dirt and water are frequently
present at the drill, that the water valve be designed to
prevent sticking even in the absence of adequate lubrica-
tion or in the presence of foreign matter such as particles
of dirt or dust. A second important problem is that of
preventing the opening of the water valve, and consequent
flow of water to the drill bit, when the throttle valve is
in the “off” position and no drilling operation is in
progress. 1t is inherent in a rock drill, particularly after
a considerable amount of use and consequent wear on
the drill components, that a certain amount of air pres-
sure seeps from the inlet air line and into the drill. This
air pressure may, after a substantial length of time, build
up to a point where the automatic water valve is shifted
to open position and the flow of water commenced at an
undesired time. A third important problem is that of
providing an automatic water valve and associated
throttle valve which, in accordance with requirements of
a particular customer, may or may not be adapted to
effect water flow to the drill bit during the “collaring” or
starting hole portion of the drilling operation.

These and other objects and advantages of the inven-
tion will be more fully set forth in the following specifica-
‘tion and claims considered in connection with the attached
drawing to which they relate.

In the drawing:

Figure 1 is a vertical sectional view of the backhead
of a rock drill, the section being taken longitudinally of
the drill and illustrating the components of the automatic
valve of the invention;

Figure 2 is a view corresponding to Figure 1 but illus-
trating the water valve in closed position;
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Figure 3 is a fragmentary view of the throttle valve
portion of Figures 1 and 2, and showing the throttle valve
in a third position at which the water valve is vented
through the machine and permitted to asume a closed
position; and

Figure 4 illustrates a throttle valve of a second embodi-
ment of the invention adapted to effect flow of water
during the collaring operation.

Referring to the drawing, the illustrated structure may
be seen to comprise a backhead 10 provided at the outer
end of a conventional rock drill, not shown, a throttle
valve 11 mounted in backhead 10 and adapted to control
the flow of air to the motor components of the drill, and
an automatic water valve 12 associated with throttle valve
11 in controlling the flow of cleaning water to the drill
bit. In addition to these elements specifically illustrated,
the drill components at the backhead further comprise a
handle and a suitable lubricating chamber, both not
shown.

The backhead 16 is formed with a generally cylindrical
chamber 13 adapted to receive the unshown motor valve
components of the drilling apparatus, and with a com-
municating chamber or passage 14 extending -axially of
chamber 13 to the end of the drill for mounting of the
automatic water valve 12 and associated elements, The
upper portion of the backhead is provided with a rela-
tively large transverse bore 15 adapted to receive the air
throttle valve 11, and which communicates through a
passage 16 with the chamber 13. Extending parallel to
bore 15 is a second and smaller transverse bore 17. This
bore is connected at one end to a suitable water hose,
not shown, and communiates at its other end with the
passage or chamber 14.

The air throttle valve 11 comprises a tubular body 19
which is mounted in bore 15 and adapted with a handle
29 for manual rotation to different controlling positions.
The tubular body 19 connects to an air supply hose, not
shown, and serves as an air conduit between the hose and
passage 16 leading to the drill motor. For this purpose a
relatively large “full speed” port 21 is provided in valve
body 19 and disposed to register with the full diameter
of passage 16 when the valve is in the full speed position
shown in Figure 1. A second and smaller port 22, known
as the “collaring” port, is arcuately offset from the full
speed port 21 and registers with passage 16 when the
valve is in the collaring position shown in Figure 2. In
the operation of the valve, the drill bt is first positioned
at the desired location on the rock to be bored, and the
throttle valve 11 is rotated to the Figure 2 position. A
relatively small volume of air then flows through the smal}
collaring port 22 and the passage 16 to the drill motor,
so that the drill is operated at low speed and a starting
or collaring hole formed in the absence of excessive drill
movement. After the drill bit is firmly located in the
collaring hole, the throttle valve 11 is rotated to the
Figure 1 position at which a large volume of air flows
through the relatively large full speed port 21 and passage
16 to effect full speed drill operation. The precise loca-
tion ‘of valve 11 at the various illustrated positions is
insured through use of suitable detent means, not shown.

The automatic water valve 12 comprises a generally
cylindrical casing 24 threaded into the passage i4, and a
piston or plunger 25 adapted to be air-actuated longi-
tudinally of casing 24 to control the flow of water from
inlet passage 17 to the drill bit. The water circuit thus
controlled is through a water tube 26 which extends longi-
tudinally of the full length of the drill and into passage
14, there being a flange at the end of tube 26 for seating
on the bottom of a suitable washer cup 27. Cup 27,
in turn, is provided with an external flange for pressing
connection with an annular packing member 28 which
is nested in a cylinder 29 forming part of the internal
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components of the drill itself. The flange of washer
cup 27 is pressed against packing 28 by the inner end of
water valve casing 24, the latter being suitably recessed
at 31 to fit over the body of the washer cup. The inner
end or rim of the casing 24 is suitably notched or ported,
as shown at 32, to provide water passages between water
bore 17 and recess 31. A water chamber is thus pro-
vided in passage 14, and is sealed by the packing 28 and
by an O-ring 33 mounted between the unthreaded inner
end of casing 24 and the cooperating passage wall.
This water chamber is to be distinguished from an air
chamber formed in passage 14 and sealed both by the
O-ring 33 and by a gasket 34 mounted between a shoulder
portion of casing 24 and a cooperating seat on the back-
head.

The plunger 25 of water valve 12 is formed with a
small diameter inner or stem portion 36, a medium diam-
eter stop portion 37 outwardly adjacent stem 36, and a
relatively large diameter flange or piston disc portion
38 outwardly of stop portion 37. The stem portion 36
is freely slidable within a corresponding axial bore in
casing 24 and is provided with a conical inner end 3%
for sealing engagement with a rubber washer 41, the
latter being mounted in washer cup-27 adjacent the flanged
end of the water tube. The stop porticn 37 of plunger
25 is mounted in a casing chamber of substantially larger
diameter, so that an annulus 42 is provided between the
plunger and its casing for passage of air as will be
described. The piston disc 38 is mounted in a corre-
sponding cylindrical piston chamber 43 formed axially
of casing 24 at its outer end.

Air passage means for connecting throttle valve 11 and
piston chamber 43 are provided in the form of a longi-
tudinal passage 44 formed in casing 24 and communicat-
ing both with piston chamber 43 and annulus 42, and a
communicating radial passage 46 extending from the inner
end of passage 44 to the air chamber portion of passage
i4. The air chamber portion adjacent casing passage 46
takes the form of an annuiar groove between a shoulder
of the backhead 10 and the inper thread member of the
valve casing 24. This groove communicates through an
upwardly extending passage 47 with the air bore 15.

As shown in Figure 1, the location of collaring port
22 is such that it registers with passage 47 when the valve
is in the full speed position, so that air is then admitted
from air bore 15 and through collaring port 22, passages
47, 46, and 44 to the inner end of piston chamber 43.
The piston disc 38 is thus air pressed outwardly to shift
the plunger 25 to its open position permitting the flow
of water through water tube 26. When the piston disc 38
is at the outer position, its outer edge is seated against
a stop disc 49 which is maintained at the outer end of
chamber 43 by a snap ring 51. The stop disc 49 is pro-
vided with an axial port 52 to effect venting of the air
behind piston disc 38 when it shifts to open the valve.

For the majority of applications of the automatic water
valve structure, it is not desired that water flow to the
drill bit during the collaring operation. Accordingly, an
arcuate venting groove 54 is provided on the external sur-
face of throttle valve body 19 and disposed to connect
passage 47 and a venting port 56 when the valve is rotated
to the collaring position illustrated in Figure 2. At this
time the supply of pressure air to the piston disc 38 is
blocked, and the air at the inner end of piston chamber
43 is vented through passages 44, 46 and 47, and through
arcuate groove 54, to the port 56 which leads to the
atmosphere. A helical compression spring 57, seated
between disc 49 and the bottom of a spring chamber at
the outer end of plunger 25, is then effective to shift the
plunger to its water blocking position at which the stop
portion 37 of the plunger is seated on a shoulder 58
formed in casing 24 at the outer end of the bore for
stem 36. The conical end 39 of the plunger then being
spring pressed against sealing washer 41, the flow of
water from water bore 17 and through the water chamber
to water tube 26 is effectively blocked.
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Referring to Figure 3, the spring return movement of
the plunger 25 is also effected when the throtile valve
11 is rotated to off position, at which neither the collar-
ing port 22 nor the full speed port 21 registers with
passage 16 leading to the drill motor. Venting in this
instance is effected through the drill bedy, with the arcu-
ate groove 54 connecting the passage 47 and passage 16.

According to the invention, the described air actuation
of plunger 28 between closed and open positions is effected
even in the absence of adequate lubrication and after a
substantial number of opening and closing operations
under adverse conditions. To accomplish this result, the
diameter of piston disc 38 is made substantially smaller
than that of piston chamber 43, and no seal is provided
on the periphery of the piston disc. Instead, an O-ring
5¢ formed of rubber or other suitable elastomer, is
fixedly mounted in an annular groove 61 at the outer
end of piston chamber 43. The side walls of groove
61 are defined by a shoulder in casing 24 and by the stop
disc 49, while the bottom wall of groove 61 is defined
by an axially extending cylindrical casing surface. It
will be noted that the depth of groove 61 is only about
half the diameter of the O-ring 59, which is cylindrical
in section when in its undeformed state. To provide for
the sealing engagement between O-ring 59 and the
plunger 23, the outer edge of piston disc 38 is beveled to
form a frusto-conical surface 62 adapted to engage the
inper portion ¢f O-ring 5%, and a surface 63 which
extends radially from the inner edge of surface 62.
The snrface §3 is spaced, relative to the outer end of
plunger 23, so that it forms a continuation of the inner
wall of O-ring groove §1 when the valve is in its open
position as shown in Figure 1, the plunger end then
being seated on stop disc 49 as previously stated.

The above construction is to be distinguished from
previous constructions in which an O-ring is provided
on the piston disc 33 for movement with it. Such an
O-ring, because of its relatively large size, has a distinct
tendency to stick in the presence of particles of foreign
matter and in the absence of proper lubrication. Al-
though an O-ring 64 is provided on stem portion 36 of
plunger 25, to prevent seepage of water into the air com-
ponents of the water valve, this O-ring Is of extremely
small cross-section and diameter and does not impede
the valve-shifting operations even in the absence of lubri-
cation.

When the drill is in its “off” position (Figure 3), any
seepage of air from the throttle valve 11 and into the
drill and the piston disc chamber 43 will not be effective
to shift the water valve to its open paosition since, as above
indicated, a clearance is provided between the piston disc
and cooperating chamber wall. The seepage air thus
merely leaks through the clearance annulus and out
vent 52, without shifting the piston disc. Preferably, this
clearance is on the order of .001 to .002 inch difference
between the diameters of piston disc 38 and piston cham-
ber 43. Upon rotation of throttle valve 11 to the “full
speed” position (Figure 1), the plunger 25 shifts to open
position due to the large volume of air suddenly acting
against the piston disc. The frusto-conical surface 62
then seats on O-ring 59 and provides a tight sealing en-
gagement preventing any further air seepage through
the clearance annulus. The plunger will then be effec-
tively maintained in open position as desired, and with-
out wastage of air. When the throttle valve is again
rotated to the “off” position of Figure 3, the intentional
supply of pressure air to the water valve is blocked and
a venting path created through passage 44 and into the
drill. The spring 57 then shifts plunger 25 in the return
direction to again close the water valve. .

As previously indicated, for some applications of the
drilling apparatus it is desirable that water be applied
to the drill bit even during the collaring operation. The
present apparatus may be adapted to accomplish this
result by merely removing a plug 66 from the end of a
passage 67 in backhead 10, and substituting the valve
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body 68 illustrated in Figure 4 for the body 19 shown
in Figures 1 through 3. The passage 67 interconnects
the drill chamber 13 with ths annular groove in passage
14, which communicates through passages 46 and 44
with the piston chamber 43. The tubular body 68 of
throttle valve 11 is constructed the same as body 19
except that the arcuate venting groove 54 is not provided.

Referring to Figure 2, it will be noted that when the
throttle valve 11 is in its collaring position, an air path
is created from air bore 15 and through collaring port
22, passage 16, and chamber 13 to passage 67, the plug
66 being removed. From passage 67 the air flows through
the annular groove to radial passage 46 and longitudinal
passage 44 leading to the inner end of piston chamber
43. The resulting pressure in chamber 43 effects shift-
ing of plunger 25 to open the water valve and permit
the flow of water. It will be noted that this pressure ac-
tuation of the plunger 25 during the collaring operation
would not be possible if the valve body 19 of Figures 1
through 3 were employed since the pressure from passage
67 would vent through port 36 to the atmosphere in-
stead of shifting the plunger. When the embodiment of
Figure 4 is employed, and the valve is in the full speed
position shown in Figure 4, parallel air paths are formed
to the chamber 43. One path is through the passages 47,
46 and 44, and another path is through passage 16, cham-
ber 13, passage 67, and passages 46 and 44, When the
throttle valve of Figure 4 is in the off position, venting is
through passage 67 to the body of the drill.

To summarize the operation of the drilling apparatus,
let it first be assumed that the plug 66 is positioned, as in-
dicated in Figures 1 through 3, to block passage 67, and
that the tubular valve body 19 is employed. With the
throttle valve 11 in the off position (Figure 3) the drill
bit is engaged with the rock face and at the desired loca-
tion, the water valve 12 then being closed since the pres-
sure connection to passage 47 is blocked. The throttle
valve 11 is then rotated to the collaring position shown
in Figure 2, and air is admitted through collaring port
22 and passage 16 to the drill motor to effect its low
speed cperation until a collar hole is bored. At this time
the plunger 25 of water valve 12 is in its left or inner
position, with the conical end 39 of the plunger serving
to block the end of water tube 26 and prevent flow of
water to the drill bit. The collar hole having been bored,
the throttle valve 11 is rotated to the full speed position
of Figure 1, and air is admitted through port 21 and pas-
sage 16 for full speed operation of the drill motor. At
this time, the collaring port 23 registers with passage 47
to admit air through passages 46 and 44 to the inner
end of piston chamber 43, the air pressure pressing the
plunger 25 to its outer or open position against the bias
of spring 87. Water then flows from water bore 17,
through the notched or ported end 32 of valve casing 24,
and around the end of washer cup 27 to the water tube
26 and the drill bit. At the completion of the drilling op-
eration, the throttle valve is rotated to the position of Fig-
ure 3, operating to block the pressure connection to pas-
sage 47 and complete a venting path from piston cham-
ber 43 through passages 44, 46 and 47 and venting groove
54 to backhead passage 16 and the drill body. The spring
57 then returns plunger 25 to its fluid-blocking position.
If it is desired to switch from full speed to collaring posi-
tion instead of to the off position of Figure 3, the opera-
tion of the water valve is the same except that the venting
path is through greove 54 and out port 56 to the atmos-
phere.

In applications where it is desired to supply water to
the drill bit during collaring, the plug 66 is removed and
the valve body 68 of Figure 4 is substituted for that pre-
viously described. The operation of the drill is then the
same except that parallel paths are created to piston
chamber 43 when the throttle valve 11 is in the full speed
position of Figure 1, the second path being through the
chamber 13 and passage 67 to passages 46 and 44 lead-

10

15

20

25

30

35

40

45

50

55

60

75

6

ing to the piston chamber. When the throttle valve is in
the collaring position, the plunger 25 is air actoated to its
open position since a pressure path is then created through
collaring port 22, passage 16, chamber 13, passage 67,
and passages 46 and 44 to the inner end of piston cham-
ber 43. When the valve is rotated to the off position of
Figure 3, the spring 57 becomes operative to return the
plunger 25 to water-blocking position, the venting path
then being through passage 67.

Because of the substantial clearances provided, and the
use of the stationary O-ring 59 instead of an O-ring on
the movable piston disc 38, the plunger 25 is free for
either air or spring actuation even in the absence of a
lubricating substance. For the same reasons the return
spring 57 may be made relatively weak, so that only a
minimum opposition is created to the shifting of the
plunger to open position by the air pressure from the
throttle valve.

While the particular apparatus herein shown and ‘de-
scribed in detail is fully capable of attaining the objects
and providing the advantages hereinbefore stated, it is to
be understood that it is merely illustrative of the pres-
ently preferred embodiments of the invention and that
no limitations are intended to the details of construction
or design herein shown other than as defined in the ap-
pended claims.

I claim: -

1. In an air-operated automatic water valve for a rock
drill, a valve casing defining a cylindrical piston cham-
ber, a piston disc reciprocably mounted in said piston
chamber and adapted to control the flow of water to the
cutting bit of said rock drill, said piston disc having clear-
ance between its peripheral surface and the interior pis-
ton chamber-defining surface of said valve casing to pro-
vide substantially frictionless sliding of said piston disc in
said piston chamber and permitting seepage of air through
sail clearance space, passage means to conduct pressurized
air from a source of supply to one side of said piston disc
to shift the same to one extreme position, and a sealing
element fixedly mounted in said casing on the other side
of said piston disc thereof from said air supply, said seal-
ing element being disposed to sealingly engage both said
interior casing surface and said piston disc to prevent
seepage of air through said clearance space when said pis-
ton disc is in said one extreme position.

2. An automatic water valve for use in the backhead
of an air-operated drill controlled by a throttle valve,
said drill having a water tube adapted to conduct water
to the drill bit from a chamber formed in the backhead
adjacent the end of said water tube and conventionally
containing a water tube; which comprises a valve casing
mounted in said chamber in alignment with said water
tube, a plunger mounted in said casing and slidable be-
tween outer and inner positions, said planger being
formed with a stem portion adapted when said plunger
is in one of said positions to block the flow of water to
said water tube and with a piston portion disposed in
a piston chamber in said casing for substantially friction-
less sliding movement therein, passage means formed in
said casing to conduct air pressure to one end of said
piston chamber for shifting said plunger in one direction
between said outer and inner positions, vent means for
venting the opposite side of said piston to the atmosphere,
means to return said plunger in an opposite direction to
its initial position after release of said air pressure, and
a resilient sealing member fixedly mounted in said cas-
ing on the vented side of said piston, said sealing mem-
ber being disposed to be sealingly engaged by said piston
portion when the same is in the position assumed im-
mediately after said air pressure shifting thereof.

3. The invention as claimed in claim 2, wherein a
seal-free clearance is provided between the periphery
of said piston portion and the corresponding wall of said
piston chamber, the size of said clearance being sufficient
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to permit seepage of air around said piston portion prior
to its engagement with said sealing member.

4. The invention as claimed in claim 2, wherein said
clearance is on the order of .001 to .002 inch difference
in the diameter of said piston portion and piston cham-
ber.

5. The invention as claimed in claim 2, wherein said
return means is a compression spring seated between said
plunger and a stop surface at the outer end of said piston
chamber.

6. The invention as claimed in claim 2, wherein said
sealing member is an O-ring, and said piston. portion is
formed with a frusto-conical end surface adapted to be
inserted through said O-ring for sealing engagement with
its interior surface.

7. The invention as claimed in claim 2, wherein said
O-ring is seated in an annular groove one side wall of
which is formed by a stop disc at the outer end of said
piston chamber, the depth of said groove being approxi-
mately half the cross-sectional diameter of said O-ring.

3. A combination water valve and throttle wvalve
mechanism for use in the backhead of an air-operated
rock drill, said rock drill having a water tube adapted to
conduct water to the drill bit from a chamber formed
in the backhead adjacent the end of said water tube and
conventionally containing a water tube; which comprises
a valve casing inserted in said chamber in alignment
with said water tube, a flanged valve element mounted
in said casing and movable between an open position and
a closed position blocking the flow of water through said
water tube, the clearance between the flange of said valve
element and cooperating wall of said casing being suffi-
cient to permit seepage of air therebetween when said
valve element is in closed position, resilient sealing means
mounted at the cuter end of said casing opposite the
open position of said flanged valve element for sealing
engagement with said valve element when the latter is
in open position, a hollow throttle valve cylinder con-
nected to a pressurized air supply means and rotatable
to different drill-controlling positions, an air passage in
said backhead and said valve casing and extending from
said throtile valve cylinder to one end of the chamber
enclosing said flanged valve element, 2 port in said
throttle valve cylinder disposed to register with said air
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passage when the throttle valve is in a first controlling
position, and a venting groove in the outer surface of said
throttle valve cylinder, said venting groove being dis-
posed to communicate with said air passage and with a
vent to the atmosphere when said throttle valve is in a
second controlling position blocking the flow of pressur-
ized air to said flanged valve element.

0. The invention as claimed in claim 8, wherein said
sealing means comprises an O-Ting, and said flange of
said valve element is formed with a frusto-conical sur-
face adapted to be inserted into sealing engagement with
said O-ring when said valve element is shifted to open
position.

10. A combination water valve and throttle valve
mechanism for use in the backhead of an air-operated
rock drill, said rock drill having a water tube adapted
to conduct water to the drill bit from a chamber formed
in the backhead adjacent the end of said water and con-
ventionaily containing a water tube; which comprises a
valve casing inserted in said chamber in alignment with
the water tube, a cylindrical valve element freely mov-
able in said casing between an outer open position and
an inner closed position blocking the flow of water
through said water tube, resilient sealing means fixedly
mounted in said casing positioned to engage and seal
the slight clearance between said casing and the periph-
ery of said valve element when the latter is in its open
position, a hollow throttle valve cylinder connected to
a pressurized air supply means and rotatable to different
drill-controlling positions, a first air passage extending
from said throttle valve cylinder to the drill motor cham-
ber of said.rock drill, a second air passage extending from
said drill motor chamber to adjacent said flange on said
movable valve element, and port means in said throttle
valve cylinder disposed to register with said first air
passage when said throttle valve is in an operating posi-
tion, whereby air pressure is conducted through said first
and second passages to shift said valve element to open
position.
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