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Patented May 3, 1932

UNITED STATES

1,856,784

PATENT OFFICE

GUSTAYV C. PEARSON, OF DENVER, COLORADO, ASSIGNOR TO GARDNER-DENVER COM- )
PANY, OF DENVER, COLORADO, A CORPORATION OF DELAWARE

FLUID OPERATED TOOL

. Application filed April 2, 1828. Serial No. 266,794.

The present invention relates to valve mech-
anism for pneumatic tools, and the object is
to provide novel and effective means for stop-
ping the piston and delivering air or other

5 motive fluid at substantially line pressure to
the bore of the steel or tool being operated on
by the piston. It isthus peculiarly useful for
blowing out accumulated cuttings from the

. bottom of a hole being drilled.

In the accompanying drawings:

Figure 1 is a longitudinal sectional view
through a rock drill showing the novel mech-
anism with the automatic valve and the piston
in normally operative or working condition,
5 this view being a bit diagrammatic in char-

acter in illustrating various of the passage-

ways in the same longitudinal plane.

Figure 2 is a similar view showing the
mechanism with the automatic valve stopped,

¢ the piston held at the front end of its stroke,
and the air being delivered under line pres-
sure to the bore of the steel.

Figure 3 is a view partly in elevation and
partly in section of the actual embodiment,

25 ywith the passageways in their normal relation

S0

.
fs

v

and showing the apparatus as normally op-
erative. :

Figure £ is a horizontal sectional view on
the line 4—4 of Figure 3.

the automatic valve and showing it being
held against movement.

Figure 6 is a cross sectional view on the line
6—6 of Figure 3.

3 Figure T is a side elevation of the fluid

operated controlling valve.
Figure § 1s an end elevation of the same.
Tigure 9 is a lengitudinal sectional view
of the cage for the fluid operated valve.
Figure 10 is an end elevation thereof.
The general structure of the tool and its
automatic distributing valve is the same as
that disclosed in the application of Edward
_ F. Terry, Jr., Ser. No. 167,764, Patent 1,774,-
» 3092, August 26, 1930.

A cylinder 4 is illustrated, containing a
piston chamber 5, in which a reciprocatory
piston 6 operates, this piston having a2 ham-

 mer extension 7 on one side of the cylinder
4, and preferably integral therewith is lo-

Figure 5 is a detail sectional view through

cated a valve casing 8 having spaced head
chambers 9 and 10 connected by a reduced
bore 11. ’

The outer end of the head chamber 9 is
provided with an annular channel 12 that
communicates with the rear end of the piston

chamber 5, through a straight short passage-

way or port 13. The inner end of the head
chamber 9 has communication with an in-
termediate portion of the piston chamber by
a straight port 14. Between the ports 13
and 14, the head chamber 9 has an internal
channel 15, from which opens an exhaust
outlet 16 to atmosphere. The head chamber
10 is somewhat longer than the head cham-
ber 9 and of smaller diameter. It is pro-
vided at its front end with an annular chan-
nel 17 that communicates by means of a short
port 18 with the front end of the piston cham-
ber 5 in advance of the piston 6. The rear
end of the head chamber 10 has a straight
port connection 19 with an intermediate por-
tion of the piston chamber 5 in advance of
the port 14. Between the ports 18 and 19
there is formed in the head chamber 10 an
annular channel 20, with which an exhaust
port 21 communicates, said exhaust port
being between the ports 18 and 19.  Between
the ports 19 and 21 there is formed in the
head chamber 10 an annular channel 22, from
which leads an exhaust outlet 23 opening
to atmosphere.

A reciprocatory valveis located in the valve
casing 8. and preferably consists of two sec-
tions.  This valve has terminal heads 24 and
25 that reciprocate in the respective head
chambers 9 and 10. The head 24 therefore
has a greater diameter than the head 25.
Projecting from each head are reduced shank
extensions 26 and 27 that operate in the bore
11 and abut against each other. The heads
are hollow and are open-ended, and the shank
26—27 is provided with a bore 28 commu-
nicating with the hollow heads. As a con-
sequence it will be evident that the head 24
has a peripheral end pressure surface 29 and
an inset pressure surface section 30. The
end of the head 24 is preferably provided
with an inwardly extending annular flange
31, the inner surface 32 of which obviously
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equalizes the pressure on an equivalent por-
tion of the surface 30. The inner end face
33 of the head 24 constitutes a pressure sur-
face opposed to the pressure surfaces 29
and 30.

The head 25 similarly has an annular end
pressure surface section 34 and an inset pres-
sure surface 85. It is provided with an op-
posing pressure surface 36. Said head fur-
thermore has an annular channel 87 forming
a flange 38.

Extending into the outer ends of the head
chambers 9 and 10 are plugs 39 and 40,
against which the end faces 29 and 34 of the
valve heads are respectively adapted to abut.
The plug 39 is hollow and forms a supply
port 41 leading from a throttle valve casing
42, in which is a suitable rotatable throttle
valve 43.

The structure constitutes a differential
valve, and its operation is substantially as
follows. Referring first to Figure 2, the pis-
ton is at the forward end of its stroke, and
the valve has been shifted to a forward posi-
tion. As a consequence it will be evident that
the motive fluid entering through the port 41
of the plug 89 will pass behind the piston as
the same returns from the end of its cush-
ioned stroke, and drives said piston forward-
ly. During this forward drive the motive
fluid in advance of the piston can exhaust
freely through the ports 19 and 21, and by
way of the head chamber 10 to the exhaust
outlet 28. This is due to the fact that when
the front end of the valve is abutted against
the plug 40, the flange 38 is in an interme-
diate position with respect to the channel 22,
so that both ports 19 and 21 are open to the
exhaust outlet 23. During this stroke, the
valve is held in its forward position by pres-
sure against the rear end surfaces 29 and 30,
which surfaces minus the surface 82, are suffi-
cient to overcome the pressure against the
opposite face 85 of the head 25, material pres-
sure against the surface 34 being cut off by
the contact of said surface against the end of
the plug 40. The valve therefore remains in
its forward position until the rear end of the
piston 6 uncovers the port 14. When this oc-
curs, additional pressure is brought against
the surface 83 and the area of this surface
plus the area of the surface 35 is sufficient to
overcome the pressure against the surfaces 29
and 30, so that the valve is shifted to the posi-
tion shown in Figure 1. When this occurs,
the exhaust ports 19 and 21 are not only cut
off by the piston 6, but the exhaust port 19
is cut off from the exhaust outlet 23 by the
flange 88, while the exhaust port 21 is cut off
by the end wall of the channel 37. The rear-
ward movement of the valve, however, opens
port 14 in rear of the piston to the exhaust
outlet 16, as shown. Therefore motive fluid
passing through the valve and entering
through the port 18 will drive the piston 6
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rearwardly, while the exhaust can take place
freely through the port 14, head chamber 9
and outlet 16. During this movement the
valve will be held in its rearward position

by reason of the fluid acting against the sur- ¥

faces 34 and 35, the combined areas thereof
being greater than the area of the surface 30
minus the opposing surface 32, As soon as
the front end of the piston uncovers the port
19, then motive fluid in the front end of the
piston chamber 5 will enter the inner end of
the head chamber 10 and acting against the
surface 36 cooperate with the surface 30 and
shift the valve again forwardly or to the po-
sition shown in Figure 2.

The hammer extension 7, as is well known,
is adapted to strike against a drill steel or
other tool 44 located in the usual chuck 45
mounted on the front end of the cylinder 4,

and this steel is provided with the usual lon- *

gitudinal bore 46. The piston 6 and hammer
extension 7 are provided with a longitudinal
bore 47 that allows air or other motive fluid
to pass from the rear end of the piston cham-

ber 5 through the piston and hammer exten-

sion dnd enter the bore 46 when the piston
moves forwardly under the infiuence of the
motive fluid behind it. As a consequence this
fluid will ordinarily blow out the cuttings

from the bottom of the hole being drilled. =~

This action is, however, intermittent because
it is only when the fluid is behind the piston
that part will escape into the bore 46 of the
drill steel. On the retrograde movement of
the piston the air, as already explained, es-
capes through the exhaust ports 14—16. 1t
sometimes happens that the amount of air
thus delivered to the bore of the drill steel
1s not sufficient to clear out the hole, and the
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object of the present invention is to provide -7

means for directing a continuous supply of
air at line pressure to the bore 46 of the drill
steel 44. So far as above described the mech-
anism is the same as that disclosed in the

Terry, Jr. application, Serial No. 167,764 -

above meéntioned.

To secure the additional result; the fol-
lowing mechanism is employed. The ping
40 is tubular in form, and constitutes a pis-

ton chamber 48 that opens into the head -+

chamber 10 by reason of an opening 49
formed in the inner end of said plug 40. A
reciprocatory piston 50 1s mounted in the pis-
ton chamber 48, and has an inwardly extend-

ing stem 51 constituting a plunger valve or °

plug that is adapted to enter the pussageway
28 when the piston is moved to the inner end
of the chamber 48. This piston and plug 51
thus constitute a fluid actuated valve for the
purposes hereinafter explained.
movement of the piston is limited by a stop
stem 52 carried thereby and arranged to abut
against the outer end wall of the piston cham-
ber 48. The inner end of the piston chamber

The outer -#¢

48 is open to atmosphere through a plurality -~
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of ports 53 that open into an annular groove
54 having communication with outlet ports
55 in the valve casing 8.

The exhaust port 23 for the front end of the
main piston chamber 5 passes through a valve
casing 56 formed on one side of the main cas-
ing 8. In said valve casing 56 is a rotary
valve 57 having a passageway 58 cut in one
side. The valve is provided with a suitable
handle 59, by which it can be turned either to
a position to close the exhaust port 23, as
shown in Figures 2 and 5, or to an open posi-
tion to allow the free exhaust of the air in
front of the piston 6 to atmosphere. A by-
pass passageway 60 leads from the exhaust
conducting groove 22, with which the exhaust
port 23 communicates, to an annular groove
51 formed on the exterior of the plug 40 and
this groove 61 is in communication with the
rear end of the piston chamber 48 by means
of ports 62. '

Extending from the rear end of the cham-
ber 9 is a passageway 63 and extending from
the rear end of'the chamber 10 is a passage-
way 64, the two meeting at the valve 57. In
sald valve is a passageway 65 which when the
valve is in open position as shown in Figure
1 affords communication between the passage-
ways 63—64 and atmosphere and when the
valve 57 is in closed position as illustrated in
Figure 2, establishes communication between
said passageway 63—64 and the passageway
60. The plug 51 has a reduced portion 66
which as shown in Figure 5 is adapted to
pass through the end wall of the chamber 48
and the face of the piston 50 has grooves 67
that communicate with the groove formed by
said reduced portion.

Now referring to Figures 1, 8 and 4, it will
be noted that when the valve 57 is in its open
position and the exhaust port 23 from the
front end of the piston opens to atmosphere
and merely under the control of the auto-
matic distributing valve 24—25, the piston
will be reciprocated as originally explained
and as fully disclosed in the aforesaid Terry,
Jr. application, Serial No. 167,764 because the
fluid actuated valve 51 will be in its with-
drawn or inoperative position due to the pres-
sure of the actuating fluid against the inner
end of the valve plug 51. Ifitis desired, how-
ever, to stop the operation of the piston and
deliver a constant supply of cleansing fluid to
the bore 46 of the drill steel 44, the operator
Lias only to move the valve 57 to a position to
close the exhaust port 23. When this occurs
the fluid that would otherwise go to atmos-
phere from the front end of the piston, now
operates through the by-pass passageway 60,
groove 61, and port 62 against the outer end
of the piston 50, moving the plug 51 inward-
Iy o to the position shown in Figures 2 and
5. This cuts off the supply of fluid to the front
end of the piston and the antomatic distribut-
ing valve stops in the position shown in said

3

Figures 2 and 5. The result is that the motive
fluid continues to enter, foreing said piston
to the front end of its stroke, so that the front
end of the hammer extension 7 is firmly seated
against the rear end of the drill steel 44 and
the motive fluid under full line pressure in the
rear end of the piston chamber behind the pis-
ton continues, thus maintaining a tight joint
and producing a constant stream of cleansing
fluid through the bore 47 into the bore 46
and thus to the bottom of the hole being
drilled. As socon as the exhaust controlling
valve 57 ig reopened the parts will assume
their normal action.

When the valve 57 is closed the port 65 is
cut off from atmosphere but serves to carry
live air to the rear of the piston 50, thus in-
suring the positive action and holding the
plug 51. When the valve 57 is open and the

passageways 63 and 64 are thus open to atmos--

phere any air that may otherwise be trapped
in front of the flange 88 or behind the head
24 can escape. '

From the foregoing, it is thought that the

construction, operation and many advantages -

of the herein described invention will be ap-
parent to those skilled in the-art, without
further description, and it will be understood
that various changes in the size, shape, pro-
portion and minor details of construction may
be resorted to without departing from the
spirit or sacrificing any of the advantages of
the invention.
What I claim, is:

1. In a tool of the character set forth, the -

combination with a cylinder member and a
piston operating therein, of means for sup-
plying motive fluid to the tool, an automo-
tic valve for distributing the motive fluid to

the pisten to actuate it, means for permitting 19

the exhaust to atmosphere of the fluid from
the piston, fluid actuated means in addition
to the automatic distributing valve for cut-
ing off the supply of motive fluid from the
distributing valve to one end of the piston,
and means for closing the exhaust to atmos-
phere and directing said exhaust to said fluid
actuated means to move it to its operative
position. :

2. In a tool of the character set forth, the
combination with a cylinder member and a
piston operating therein, of means for sup-
plying motive fluid to the tool, an automatic
valve for distributing the motive fluid to the
piston to actuate it and including a passage-
way to one end of the piston, a fluid actuated
valve for closing said passageway, means for
permitting the exhaust from the same end of
the pisten, a valve for closing the exhaust
permitting means and a by-passageway for
directing the exhaust when so interrupted
to pass to and operate the fluid actuated valve.

3. In a tool of the character set forth, the
combination with a cylinder member having
a piston chamber and a piston operating
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therein, of means for supplying motive fluid
to the tool, an automatic valve for distribut-
ing the motive fluid to the ends of the piston
chamber to operate the piston, means for per-
mitting the exhaust from the front end of
the wiston to atmosphere, means for cutting
off the escape of exhaust to atmosphere, a
fluid operated device for cutting off the sup-
ply of motive fluid from the automatic dis-
tributing valve to the front end of the piston
chamber, and means for causing the exhaust
when cut off from atmosphere to operate the
said means for cutting off said supply.

4. In a tool of the character set forth, the
combination with a cylinder member having
a piston chamber and a piston operating
therein, of means for supplying motive fluid
to the tool, an automatic valve for distribut-
ing the motive fiuid to the ends of the piston
chamber to operate the piston, means for per-
mitting the exhaust from the front end of the
piston to atmosphere, a valve for closing the
exhaust, a fluid operated valve for preventing
the supply of motive fluid from the auto-
matic distributing valve to the front end of
the piston, and a passageway for directing the
exhaust fluid to the finid operated valve when
the exhaust to atmosphere is closed.

5. In a tool of the character set forth, the
combination with a cylinder member having
a piston chamber and a piston operating in
the chamker, an automatic valve for distrib-
uting the motive fluid to the piston chamber
on opposite sides of the piston to actuate the
latter, said valve having a passageway there-
through for delivering motive fluid to one end
of the piston, and means for closing said pas-
sageway to prevent the delivery of such fluid
to stop the valve and piston.

6. In a tool of the character set forth, the
combination with a cylinder member having
a piston chamber and a piston operating in
the chamber, an automatic valve for dis-
tributing the motive fluid to the piston cham-
ber on opposite sides of the piston to actuate
the latter, said valve having a passageway
therethrough for delivering motive fluid to
the front end of the piston, and means for
closing said passageway to prevent the de-
livery of such fluid to stop the valve and stop
the piston at the front end of its stroke.

7. In a tool of the character set forth, the
combination with a cylinder member having
a piston chamber and a piston operating in
the chamber, an automatic valve for distrib-
uting the motive fluid to the piston chamber
on opposite sides of the piston to actnate the
Iatter, said valve having a passageway there-
through for delivering motive fluid to the
front end of the piston, a fluid actuated valve
for closing said passageway in the automatic
valve, to thereby stop the piston at the front
end of its stroke, and means for divecting
fluid to the fluid actuated valve to move it.

8. In a tool of the character set forth, the

1,856,784

combination with a cylinder member and a
piston operating therein, of means for sup-
plying motive fluid to the tool, an automatic
valve for distributing the motive fluid to
the piston to actuate it and including a pas-
sageway to one end of the piston, means for
permitting the exhaust from the same end of
the piston, and valve mechanism for closing
said passageway and also closing the said ex-
haust, said valve mechanism also having a
supplemental port open to atmosphere to re-
lieve pressure against surfaces of the valve.

9. In a tool of the character set forth, the
combination with a cylinder member and a
piston operating therein, of means for sup-
plying motive fluid to the tool, an auto-
matic valve for distributing the motive
fluid to the piston to actuate it and in-
cluding a passageway to one end of the
piston, a fluad actuated valve for closing said
passageway, means for permitting the ex-
haust from the same end of the piston, a valve
for closing the exhaust permitting means, a
by-passageway for directing fluid from one

end of the piston to the fluid actuated valve, ¢

and a port in the exhaust closing valve mov-
able to and from a position to communicate
with the by-passageway.

10. In a tool of the character set forth, the

combination with a cylinder member and a ©

piston operating therein, of means for sup-
plying motive fluid to the tool, an automatic
valve for distributing the motive fluid to the
piston to actuate it and including a passage-
way to one end of the piston, a fluid actuated
valve for closing said passageway, means for
permitting the exhaust from the same end
of the piston, a valve for closing the exhaust
perm'tting means, a by-passageway for di-
recting flu'd from one end of the piston to
the fluid actuated valve, and passageways
leading from surfaces of the automatic dis-
tributing valve to the exhaust closing valve,
said exhaust closing valve having a port that
is movable to positions to establish communi-
cation between said passageways and atmos-
phere and between said passageways and the
by-passageway.

11. In a tool of the character set forth, the
combination with a eylinder member and a
piston operating therein, of means for sup-
plyving motive fluid to the tool, an automatic
valve for distributing the motive fluid to the
piston to actuate it and including a passage-
way to one end of the piston, a fluid actuated
valve for clos’ng said passageway, means for
permitting the exhaust from both ends of the
piston, a valve for closing the exhaust per-
mitting means, a by-passageway for direct-
ing the exhaust when so interrupted to pass
to and operate the fluld actuated valve, and
a second by-passageway leading from the
rear end of the piston to admit motive fluid
to the fluid actuated valve for insuring its
positive operation.
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12. In a tool of the character set forth, the
combination with a cylinder member and a
piston operating therein, of means for sup-
plying motive fluid to the tool, an automatic

5 valve for distributing the motive fluid to
the piston to actuate it and including a pas-
sageway to one end of the piston, a fluid
actuated valve for closing said passageway,
means for permitting the exhaust from both

10 ends of the piston, a valve for closing the ex-
haust permitting means, and a plurality of
by-passageways for directing the exhaust and
live air from opposite sides of the piston to
the fluid actuated valve to move it to an active
15 position.

13. In a tool of the character set forth, the
combination with a cylinder member and a
piston operating therein, of means for sup-
plying motive fluid to the tool, an automatic

20 valve for distributing the motive fluid to
the piston to actuate 1t and including a pas-
sageway to one end of the piston, a fluid
actuated valve for closing said passageway,
means for permitting the exhaust from both

26 ends of the piston, a valve for closing the ex-
haust permitting means, and a plurality of
by-passageways controlled by said exhaust
valve for directing both the exhaust and live
air from either side of the piston to the fluid

80 actuated valve to move it to an operative
position.

In testimony whereof, I affix my signature.

GUSTAYV C. PEARSON.
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