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3,059,618
REVERSIBLE DUAL ROTATION MECHANESM
FOR ROCK DRILLS

Charles F. Osgood, Franklin, Pa., assignor to Joy Manu-

facturing Company, Pittsburgh, Pa., a corporation of

Pennsylvania

Filed Aug. 22, 1960, Ser. No. 51,163
15 Clarms. (Cl 121—-7)

This invention relates to a rotation mechanism for a
drilling tool and more particularly to a reversible dual
rotation mechanism for a hammer rock drill whereby the
drill steel may be rotated either intermittently in either
direction by the hammer piston, or continuously by a re-
versible independent rotation motor which may supple-
ment or supplant the intermittent rotation during either
direction of drill steel rotation.

In hammer rock drills it is becoming a well known
practice to employ a reversible ratchet and pawl mecha-
nism operated by the hammer prston for intermittently
rotating the drill steel selectively in either of opposite di-
rections, one direction to effect normal intermittent rota-
tion dunng drilling and the reverse direction to eﬁ’ect
breaking of the joints of the sectional drill steel. ~Also
as disclosed in a copending application to J. C, Curtis et
al,, Serial No. 804,366, filed April 6, 1959, now matured
into Patent No. 3,044,448 dated July 17, 1962 owned by
the assignee of the present invention, a umdlrectronal in-
termittent ratchet and pawl type rotation mechanism op-
erated by the hammer piston is disclosed for intermit-
tently rotating the drill steel as it is percussively actuated
and a reversible independent rotation motor may supple-
ment or supplant the intermittent rotation, and whenever
the 1ndependent motor is teversed the mtermrttent rota-
tion mechanism js rendered inactive thereby to prevent
stalling of the motor and possible breakage of associated
parts.

The present invention contemplates improvements over
the above known device in that a reversible ratchet and
pawl mechanism is so coordinated with the control for
the reversible independent rotation motor that whenever
the latter is reversed the ratchet and pawl mechanism is
concurrently reversed thereby to prevent stalling of the
motor and possible damage to the machine. In other
words, the reversible ratchet and pawl mechanism is al-
ways operated in the same direction as the 1ndependent
rotation motor irrespective of the direction of the opera-
tion of the latter. Also the present invention embodies
control means whereby ‘the reversible ratchet and pawl
mechanism may be rendered inactive durrng either direc-
tion of operation of the independent rotation motor and
vice versa, without the coordinating control.

An object of the present invention is to provide an im-
proved rotation mechanism for the drilling 1mp1ement of
a rock dnlhng tool. Another object is to provide an im-
proyed reversible dual rotation mechanism for the drill
steel of a hammer rock drill. -Yet another object s to
provide a revers1ble ratchet and pawl mechanism which is
operatively assocrated with an independent reversible ro-
tation motor whereby the latter may supplement the
ratchet and pawl mechanism during either direction of
operation. A further object is-to provide an unproved
coordinated control.means for a reversible dual rotation
mechanism whereby whenever the independent rotatron
motor is reversed the raichet and pawl mechamsm is
simultaneously reversed. A still further object is;to. Pro-
vide an improved .drill steel rotation mechamsm whereln
an .independent rotation motor may supplement -0r sup-
plant the reversible ratchet and pawl mechanism during
either direction of rotation of the drill steel. These and
other objects and advantages of the invention will, how-
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ever, hereinafter more fully appear in the course of the
ensuing description,

In the accompanying drawings there is shown for pur-
poses of illustration a preferred form which the invention
may assume in practice.

In these drawings:

FIG. 1is a central Iongltudrnal vertical section through
a hammer rock drill in which the preferred form of the
invention is embodied, showing both the reversible inter-
mittent piston operated rotation and the reversible inde~
pendent motor rotation.

* FIG. 2 is an enlarged fragmentary section taken on the
plane of FIG. 1, showing details of the reversible ratchet
and pawl mechanism with both sets of pawls released.

FIG. 3 is a cross section taken on the line 3—3 of
FIG. 2.

FIG. 4 is a fragmentary section similar to FIG. 2 show-
ing one set of pawls active and the other set of pawls re-
leased, to effect mtermrttent rotation in one direction.

FIG. 5 is a section like FIG. 4 showing the posrtrons
of the pawls reversed to effect 1nterm1ttent rotation in the
reverse direction.

FIG. 6is a «cross section taken on line 6—6 of FIG. 4.

FIG. 7 is a cross section taken on line 7—7 of FIG. 5.

FIGS. 8,9 and 10 are diagrammatic views, respecttvely
showmg the «control valve means and pawl control pis-
tons in dlfferent operating posmons

The hammer rock drill in which the present invention
is employed may be of a conventional design generally
like that disclosed in the J. C. Curtis Patent No. 2,224, 861,
dated December 17, 1940, also owned by the assrgnee of
the present invention.

The rock drill, as shown in FIG. 1 of the drawings,
comprises a motor cylinder 1 having a bore 2 containing
a reciprocable hammer piston 3 having a forwardly ex-
tending striking bar 4 for delivering impact blows to the
shank 5 of a sectional drill steel 6 adapted to carry a
usual drilling tool such as rock drill bit, not shown. The
motor cylinder ‘has a rear head ‘block -or casing head 7
and a front chuck housrng 8, and the block and housing
are suitably Aattached to the opposrte ends of the motor
cylmder The cylmder bore is formed in a lmer sleeve 9
which is held axially forwardly against a shoulder pro-
vided by an annular flange 10 on the cylinder, and a rear
plate 11 seats against the rear end of the sleeve as shown
Arranged between the head block 7 and the rear plate 11
is a stationary ratchet ring 12 and cooperating front and
tear valve box elements 13 and 14 which cooperate to
provrde a chamber 15 containing cooperatmg relatlvely
recrprocable dual’ dlstrrbutmg valves 16 and 17, similar
to the valves dtsclosed in the above ment1oned Curtis
patent.

The motor cylinder has a front head or buffer ring 18
formed with a front ﬂange engaging the interior cylmder
ﬂange 10 and having its rearward portion ﬁttrng within
the “bore of the cylinder sleeve 9, as shown. "The prston
striking bar 4 extends through and is guided” wtthrn the
bore of the buffer ring 18 and extends ‘within a’ rofatable
chuck sleeve 19 rotatably mounted within the chuck hous-
ing-8 and connected as by usual separable clutch teeth
20 to a rotatable ‘driver 21 likewise rotatably mounted
within the chuck housing. The driver has interior lugs
22 engaging the usual lugs 23 on the "drill steel shank
whereby sthe drill steel may rotate with the chuck sleeve
19 as the drill steel is percussively actuated. The “steel
shank is gurded in -a ‘usual bushing 24 fitted within the
chuck sleeve. -The drill steel is reciprocably and rotatably
guided within a front bushing 25 fitted within the front
chuck :housing.

Now referring to the reversible ratchet and pawl type
rotation mechanism it will be noted that for illustrative
purposes, the same comprises a rotatable pawl carrier 29
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having an integral rifle bar 30 extending axially forwardly
through a sleeve 31 providing the internal wall of the
valve chamber 15 and through the rear plate 11, and this
rifle bar has spiral grooves 32 slidingly interlocked with
spiral vanes 33 of a rifle nut 34 secured within the piston
head. Formed exteriorly on the piston striking bar 4 are
straight longitudinal grooves 35 slidingly interlocked
with straight longitudinal vanes 36 of a chuck nut 37 se-
cured within the rearward portion of the rotatable chuck
sleeve 19. The pawl carrier 29 carries sets of reversely
acting, spring-pressed, pawls 38 and 39 which selectively
engage the ratchet teeth 40 of the ratchet ring 12, as
shown in FIGS. 6 and 7.

The hammer motor is of the well known pressure fluid
actunated type and embodies usual ports and passages al-
ternately controlled by the distributing valves 16 and 17
which are also fluid actuated, for supplying fluid under
pressure to the opposite ends of the cylinder bore 2 at
the opposite sides of the piston head for effecting recipro-
cation of the hammer piston 3 thereby to effect delivery
of repeated impact blows to the shank of the drill steel,
in a well known manner. As the hammer piston 3
moves forwardly to effect its working stroke during nor-
mal operation of the drill, i.e., to deliver an impact blow
to the drill steel, the spirally grooved rifle bar 30 turns
the pawl carrier 29 in a counterclockwise direction as
viewed in FIG. 7, causing the pawls 38 to slip over the
ratchet teeth 49 so that during the forward piston stroke
no rotation is imparted by the hammer piston thereby to
permit an unimpeded blow to be delivered to the drill
steel. During the reverse stroke of the hammer piston,
i.e., during the non-working stroke, the pawls 38 en-
gage the ratchet teeth 40 of the ratchet ring to hold the
rifle bar 30 against rotation thereby causing the hammer
piston to rotate and such rotation of the hammer piston
is transmitted through the straight grooves 35 and the
vanes 36 of the chuck nut 37 to the rotatable chuck sleeve
19 and thence to the driver 21 to effect partial rotation
of the drill steel in one direction. When reverse rotation
is desired, as for example during breaking of the drill
steel joints, the pawls 38 are released from the ratchet
teeth 40 (FIG. 6) and the pawls 39 are permitted to en-
gage the ratchet teeth so that during the reverse stroke
of the hammer piston, i.e., during the non-working stroke,
the pawls 39 slip over the ratchet teeth without rotation
of the hammer piston. During the forward working
stroke of the piston the pawls 39 engage the ratchet teeth
to hold the rifle bar 30 against rotation thereby causing
the piston to rotate and such rotation of the hammer pis-
ton is transmitted through the straight grooves 35 and
the vanes 36 of the chuck nut 37 to the rotatable chuck
sleeve 19, and thence to the driver 21 to effect partial
rotation of the drill steel in the reverse direction. Thus
during operation of the drill hammer motor the drill steel
may be intermittently rotated selectively in either of op-
posite directions.

Now referring to the independent motor rotation
mechanism for the drill steel it will be noted that at-
tached to the forward portion of the motor cylinder is
a housing 41 having a bore 42 for receiving the forward
cylindrical portion 43 of the motor cylinder, as shown
in FIG. 1. This housing has a gear chamber 44 closed
by a rear head member 45 having a rearward sleeve
portion 46 fitting within the portion of a front bore 47
in the motor cylinder. The front wall 48 of this gear
housing has an opening 49 for receiving the rear sleeve
portion 50 of the front check housing 8 and the latter
abuts the front face of the housing as shown. Formed
in the housing 41 is a motor chamber 51 containing a
vane type rotor 52 of a conventional reversible independ-
ent rotation motor for the drill steel. It is apparent that
various other suitable types for rotation motors may be
employed if desired.

A control valve device 53 has a manual operating
handle for controlling flow of pressure fluid relative to
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the reversible rotation motor for controlling the direction
of operation thereof. This rotation motor may be used
not only in rotating the drill steel during normal drilling
but also may be employed in coupling the threaded joints
of the sectional drill steel and may be reversed for the
purpose of disjointing drill steel sections and during the
reverse operation the ratchet and pawl mechanism must
be rendered inactive, as later described.

The drive between the independent rotation motor and

the rotatable chuck sleeve 19 may assume various forms

but herein, for illustrative purposes, the motor rotor 52
is secured to a shaft 54 suitably journaled within the gear
housing and a rearward casing 55 for the control valve
device. Secured to the shaft 54 is a spur pinion 56 mesh-
ing with a spur gear 57 journaled on a shaft 58 which
is axially movably mounted in the housing. Rotatable
with the gear 57 is a spur gear 5% movable into meshing
engagement with teeth of a spur gear 60 mounted on the
exterior of the rotatable check sleeve 19. A fluid
operated piston 61 contained in a cylinder 62 serves to
shift the shaft 58 axially to bring the gear 59 into mesh-
ing engagement with the gear 60. This drive gearing is
fully disclosed in the Curtis et al application above re-
ferred to.

The control means for the reversible ratchet and pawl
mechanism comprises annular cylinders 64 and 65 formed
by the ratchet ring 12 and the cooperating parts 14 and
66 and these cylinders respectively receive reciprocable
annular pistons or actuating rings 67 and 68. Each of
these pistons has an internal cam surface 69 and as the
piston is moved the cam surface inwardly engages the
outer edge portions of the pawls for depressing the latter
inwardly to effect release thereof from the ratchet teeth
40, and in FIGS. 2 and 3 both sets of the pawls 38 and
39 are shown out of contact with the ratchet teeth with
the intermittent rotation mechanism rendered inactive.
Leading from the valve device 53 respectively to the
cylinders 64 and 65 at the outer sides of the annular
pistons are passages 70 and 71 and the valve device 53
may be positioned to supply pressure fluid through either
or both of the passages 70 and 71 to effect the desired
positioning of the annualar pistons 67 and 68. The pawl
control pistons and cylinders may be similar to those
disclosed in the Curtis et al application above referred
to.

Passages 72 and 73 lead from the valve device 53 to
the opposite sides of the rotor chamber 51 of the revers-
ible vane type rotary motor. The valve device comprises
a rotatable valve sleeve 74 having a hollow interior or
bore 75 to which pressure fluid may be supplied through
a supply connection 76 (FIG. 1) connected to any suit-
able source of fluid under pressure. The valve sleeve has
a circumferential exhaust groove 77 on its outer surface
for connecting either of the motor passages 72 and 73
to an exhaust conduit 78. The valve sleeve has a cir-
cumferential external supply groove 79 connected to the
valve bore 75 by a radial port 80, and spaced from the
groove 79 between the ends of the latter and the exhaust
groove 77 are radial fluid ports 81 and 82. When the
valve is in the position shown in FIG. 8 pressure fluid
is supplied to the motor passage 73 and the motor pass-
age 72 is connected to the exhaust conduit 78. Both of
the passages 70 and 71 are at this time in communica-
tion with the fluid groove 79 so that the pistons 67 and
68 are both positioned inwardly to hold both sets of pawls
38 and 39 released, with the intermittent rotation rendered
inactive. By turning the valve clockwise in FIG. 8 the
motor passage 73 may be connected to the exhaust con-
duit 78 by the groove 77 and pressure fluid may be sup-
plied through port 81 to the motor passage 72 to effect
reverse operation of the rotary motor. In ejther valve
position shown the fluid groove 79 maintains the pres-
sure fluid supply to the passages 70 and 71.

In FIGS. 9 and 10 the valve device 53 is shown cut
by a different plane although, evidently, if desired, a
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separate control valve may be employed to obtain the
desired functions. In this sectional plane there are ex-
haust conduits 83 and :84 and the valve has an external
circumferential exhaust groove 85. Formed in the valve
are radial fluid ports 86 and 87 which may connect with
the motor passages 72 and 73 and the fluid passages 70
and 71 for the control pistons 67 and 68. In FIG. 9
the valve is positioned to effect operation of the ratchet
and pawl mechanism and the rotary motor both in one
direciion with passages 70 and 72 vented and passages
71 and 73 connected to the pressure fluid supply. In
FIG. 10 the valve is in reversing position, with the pas-
sages 71 and 73 vented and passages 7¢ and 72 con-
nected to the pressure fluid supply to effect reverse opera-
tion of both the ratchet and pawl mechanism and the
rotary motor. ~The valve may be turned slightly from
its position in either FIG. 9 or FIG. 10 to connect both
fluid passages 70 and 72 of the rotary motor to exhaust
to interrupt operation of the rotary motor. It must be
understood, however, that the passages and ports in the
valve shown in FIG. 8 are so arranged and separated to
effect the functions as disclosed without bringing the ports
and passages shown in FIGS. 9 and 10 into undesired
positions, and here separate valves might be  provided
to obtain the desired results, and it is not wished to limit
the present invention to any particular control valve
structure,

The reversible intermittent rotation mechanism oper-
ated by the hammer piston is used with coupled drill
steel sections to provide a convenient and easy method
of adding or removing steel sections in a relatively rapid
manner. The reverse ratchet and pawl mechanism is
efficient, having relatively small pressure fluid consump-
tion, but the more powerful independent rotation motor
is always available to assist the intermittent rotation when
necessary, and at times the rotation motor may supplant
the intermittent rotation. Both the intermittent rotation
and the independent motor rotation may be released or
interrupted to permit a hammer action on the drill steel
for loosening of the joints of the coupled steel sections.

As stated above various types of control valve means
may be employed for controlling the reversible ratchet
and pawl mechanism and the reversible independent
rotation motor, and may embody a common control valve
as shown or separate control valves which may be co-
ordinated to obtain the desired sequence of events. The
reversible ratchet and pawl mechanism may be released
to permit operation of the independent motor rotation
and the reversible ratchet and pawl mechanjsm may func-
tion while the independent rotation motor is shut down.

The reversible ratchet and pawl mechanism may- be
used to rotate the drill steel in either direction in an ex-
tremely effective manner and is adequate to serve under
most drilling conditions. However, when the drill steel
tends to stick or the couplings of the drill steel are diffi-
cult to loosen the reversible independent motor may sup-
plement or supplant the reversible ratchet and pawl
mechanism. By the provision of the release for the rever-
sible ratchet and pawl mechanism it is possible, as has
been made clear above, to use the hammer motor without
rotation of the drill steel to aid in loosening a stuck drill
steel or a tight joint. By coordinating the control for
both rotations any danger of operating the two rotations
concurrently in relatively opposite directions is eliminated
thus removing the possibility of a stalled motor and break-
age of associated parts.

As a result of this invention an improved reversible
dual rotation is provided for a hammer rock drill whereby
the drill steel may be either intermittently or continuously
rotated in either of opposite directions with the continu-
ous rotation either supplementing or supplanting the inter-
mittent rotation. By the provision of a reversible ratchet
and pawl mechanism operated by the hammer piston the
drill steel may be intermittently rotated in either direction
with relatively small consumption of pressure fluid. The
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independent more poweiful and reversible rotation motor
may supplement or supplant the reversible ratchet and
pawl mechanism but whenever the independent motor is
reversed and the ratchet and pawl mechanism is operative
the latter is concurrently reversed to prevent stalling and
possible damage to-the machine, Other advantages of
the invention will be clearly apparent to.those skilled in
the art. ’

While there is in this application specifically . described
one preferred form which the invention may assume in
practice, it will be understood that this form is shown. for
purposes of illustration and that the invention may be
modified and embodied in various other forms without
departing from its spirit or the scope of the appended
claims. '

What I claim is:

1. In a tool rotation mechanism, reversible means for
intermittently rotating the tool in either of opposite di-
rections, independent reversible motor means for rotating
the tool in either of opposite directions to supplement or
supplant said intermittent means, and means for auto-
matically reversing said intermittent means whenever said
independent motor means is reversed.

2. In a rock drill, a cylinder containing a reciprocable
hammer piston for percussively actuating a drill steel, a
reversible intermittent mechanism operated by said piston
for intermittently rotating the drill steel in either of oppo-
site directions, and an independent rotation motor for
supplementing or supplanting said intermittent rotation
during normal intermittent rotation.

3. A rock drill as set forth in claim 2 wherein said in-
dependent rotation may supplement said intermittent ro-
tation in either direction.

4. In a rock drill, a cylinder containing a reciprocable
hammer piston for percussively actuating a drill steel, a
reversible intermittent ratchet and pawl mechanism oper-
ated by said piston for intermittently rotating the drill
steel in either of opposite directions, a reversible inde-
pendent motor for continuously rotating the drill steel .in
either direction, and control means for coordinating said
intermittent rotation mechanism with said independent
motor so that whenever the latter is reversed the ratchet
and pawl mechanism is simultaneously automatically
reversed.

5. Arock drill as set forth in claim 4 wherein said con-
trol means includes means for rendering said reversible
ratchet and pawl mechanism inactive during operation of
said independent rotation motor.

6. In a rock drill, a cylinder containing a reciprocable
hammer piston for percussively actuating a drill steel, an
intermittent reversible rotation mechanism operated by
said piston for intermittently rotating the- drill steel in
one direction during normal drilling or in the opposite
direction, and an independent rotation motor for supple-~
menting said intermittent mechanism in one direction.

7. A rock drill as set forth in claim 6 wherein said
independent rotation motor may supplement said inter-
mittent rotation mechanism during either direction of
operation thereof.

8. A rock drill as set forth in claim 6 wherein control
means is provided for effecting automatic reversal of said
intermittent rotation mechanism upon reversal of said
independent rotation motor.

9. A rock drill as set forth in claim 6 wherein control
means is provided whereby said independent motor may
supplant said reversible intermittent rotation mechanism
during either direction of drill steel rotation.

10. A drilling tool having a drilling implement, a re-
ciprocatory motor for rotating the drilling implement in
one direction during drilling and in the reverse direction,
a separate reversible rotary motor for aiding said recipro-
catory motor in rotating the drilling implement, and means
for automatically reversing the direction of rotation
effected by said reciprocatory motor whenever said rotary
motor is reversed.
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11. A drilling tool having a drilling implement, a re-
ciprocatory motor for selectively rotating the drilling im-
plement in either of opposite directions, and a separate
rotary motor for aiding said reciprocatory motor during
rotation of the drilling implement in one direction.

12. A drilling mechanism comprising a moter for actu-
ating a drilling implement to effect drilling, reversible
intermittent rotation mechanism for intermittently rota-
tion mechanism for intermittently rotating the drilling im-
plement selectively in either of opposite directions, and
means for superimposing a superior rotation force on said
rotative mechanism during one direction of intermittent
rotation of the drilling implement.

13, In a rock drill, an impact motor having a re-
ciprocating piston for percussively actuating a drilling
implement, a reversible ratchet and pawl mechanism con-
nected to said piston for rotating the drilling implement
selectively in either of opposite directions, and means
for superimposing a superior rotative force on said
ratchet and pawl mechanism during operation of said
mechanism in one direction.
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14. In a drill, means for rotating a drilling implement
selectively in either of opposite directions, and means em-
bodied in the drill for superimposing a superior rotative
force on said rotating means during rotation of the drill-
ing implement in one direction.

15. In a drill, means for rotating a drilling implement
selectively in either of opposite directions, and means
embodied in the drill for superimposing a superior rota-
tive force on said rotating means during rotation of the
drilling implement in either direction.
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