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11 Claims.

The invention relates to an air driven me-
chanical device for driving a tool such as one
used for tapping, drilling, reaming or threading.
More particularly, it relates to an air driven de-
vice which is reversible in rotation in accordance
with the work conditions as they develop in the
course of an operation.

Objects and advantages of the invention will
be set forth in part hereinafter and in part will
be obvious herefrom, or may be learned by prac-
tice with the invention, the same being realized
and attained by means of the instrumentalities
and combinations pointed out in the appended
claims.

The invention consists in the novel parts, con-
structions, arrangements, combinations and im-
provements herein shown and described.

The accompanying drawings, referred to here-
in and constituting a part hereof, illustrate one
embodiment of the invention, and together with
the description, serve to explain the principles
of the invention,

Of the drawings:

Fig. 1 is a side elevation of a device embodying
the invention and showing attached thereto a
conventional tapping tool; ‘

Fig. 2 is a longitudinal central section through
the main body of the dev1ce but with certain
portions in elevation;

Fig. 3 is a fragmentary horizontal section,
somewhat enlarged, taken on the line 3-—3 of
Fig. 2 but omitting the air driven rotor to more
clearly show certain valve arrangements;

Fig. 4 is a fransverse section taken along the
line 4—4 of Fig. 3;

Fig. 5 is a view similar to Fig. 4 but showing
the relation of the parts to each other  after
their positions have been shifted from  those
shown in Fig. 4;

Fig. 6 is a longitudinal central section in the
same plane as Fig. 2 and showmg the rotor hous-
ing only;

Fig. 7 is a transverse sectlon taken along the
line T—17 of Pig. 6;

Fig. 8 is a transverse sectlon taken along the
line 8--8 of Fig. 6;

Pig. 9 is a transverse section taken along the
‘line 9-—9 of Fig. 2.

The present invention has for its object the
provision of a novel and improved tool for use
in drilling, cutting and other operations where
a reversible drive is useful, the direction of ro-
tation of the motor depending on whether the
cutting means 1is -being moved into or out of
the work. A further object is the provision of

(CL 121—34)
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a motor driven reversible tool in which the di-
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- posed on the motor or cutting tool.

rection of rotation of the motor and of the cut-
ting means driven thereby is automatically con-
trolled by the axial direction of the thrust im-
Still another
object is the provision of a novel and improved
motor driven tool in which power is applied to
the motor only so long as normal axial thrust
is applied thereto, whereby the motor automati~
cally stops when the cutting. tool is disengaged
from the work or when the cutting tool is over~
loaded. A further object of the invention is the
provision of such a tool which is extremely rapid
in operation, is capable of rapid reversal without
the manipulation of any. additional control
means by the operator, and may be manually
moved toward and from the work or mechanically
mounted for such movement. The invention
further provides a . compressed air-powered tool
which attains the objects set forth, is compact,
may be operated continuously and requires but
little service for its continued efficient operation.

In general, the invention comprises a tool in-
cluding a motor which is preferably driven by

" compressed air and drives a rotary cutter, such
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as a tap, die or drill in either direction of ro-
tation, the direction of rotation being controlled
by means, such as, air supply valves, these means
or additional means also serving to control the
supply of power to the motor so that the motor
may be operated or not depending on the con-
ditions. The direction of rotation of the motor
is primarily and normally controlled by the
thrust imposed on the tool during its operation,
although this direction of rotation may be
changed at will, if desired, so as to allow:the
tool to rotate continuously in either direction so
long as power is supplied thereto, for instance,
under control of a separate manually controlled
air valve. Theé tool and its power controlling
means, such as the valves are preferably con-
structed so that rotation of the motor is atto-
matically stopped on overloads, such as might
occur when a tap has fully threaded a blind
hole.

Referring now to the drawings, the main body
of the device comprises a _cylinder 10 which is
closed at the rear end by-a wall {1 and at the
front end by a threaded plug (2. Somewhat
nearer the rear end, a portion of the periphery of
cylinder 10 is enlarged into the form of a rectan-
gular block i3 on one face of which may he

secured the handle or grip member (4, and in_
which the various valve ports; to be described-
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later, are formed. The bore of cylinder 10 is
provided with a tightly fitted liner 15 in the bore
of which are slidably mounted various operating
parts of the device. To prevent rotation of the
slidable members and maintain their longitudinal
alignment a spline 16 is provided along the entire
length of the-bore in. liner 15 with cooperating
keyways provided in each of the:sliding members.

The power means for driving the cutting tool
attached to the device, as a tap, drill, etc.,

" reversible, compressed air-motor .of the vane
type and as embodied consists of ‘a rotor housing
1T which is shdably mounted within the rear half
of liner. 15 (right in Fig. 2) and held agdinst ro=
tation by spline 16. An eccentric. bore 18 in
housing 1T extends from the rear end (right in
Fig. 2) of the housing to near the front end where
it terminates at an end wall {8. "The rear end

of eccentric bore 18 is closed by a disc 20:which.

is slidably mounted within liner 15 but keyed
thereto to prevent rotation by spline I6.

. As thus constructed the cavity formed by end
wall 19, bore 18 and closure disc 20 provides the
space within which the air motor rotor may be
rotatably mounted. The rotor, as embodied, con-
sists of a-rotor hub 21 secured to a rotor shaft. 22
and is-provided with a plurality of radially ex-
tending vanes 23 which are slidably mounted in
equally spaced radial slots along the length of
hub 21. Vanes 23 may be urged outwardly by
leaf springs 23! interposed between base of the
vanes and the bottom of the vane slots in rotor
hub 21. Rotor hub 21, by means. of its shaft 22,
is. concentrically mournted with respect to rotor
housing 1T and therefore is eccentric in relation
to housing bore 18 within which the hub rotates.
The diameter of hub 21 is such that it has a line
contact with the bore I8 along its full length,
leaving a crescent shaped chamber between the
hub and the bore at all other points. The vanes
23 -are adapted to project into  this crescent
shaped chamber and have a sliding contact at all
times with the surface of bore 18 thus dividing
the chamber into segments or pockets with in-
¢reasing ‘and ‘decreasing volume as the hub
rotates. Compressed air when admitted into one
of these pockets between the vanes 23 at a point

where the pocket is of minimum volume expands

and by réaction against the forward vane rotates
the rotor hub' 21 and its shaft 22 until the for-
ward vane reaches a point where the pocket is at
its maximum volume when further travel-of the
vane -opens the pocket to appropriate exhaust
ports. ‘The rotation thus produced presents suc=
cessive pockets to the compressed air source and

results. in continuous rotation at a high rate of

speed

. Rotor shaft 22 is rotata,bly mounted with re-
spect-to housing IT by means: of a ball bearing
24 carried in a recess in the forward end of hous-
ing 17 and a ball bearing 25 carried in a recess
formed in a ring support 26 which is slidably
mounted in the bore of liner 15 adjacent to
closure disc 20 but held against rotation by:spline
I8, "A rearward extension of rotor shaft 22 is

further journalled in an anti-friction sealing

bushing 27 fixed in & boss 28 formed on the rear
end. of main body c¢ylinder £8. Both ball bearings:
24, 25 are provided with sealing dises 29 on the
side towards the rotor hub 2! to prevent the
escape of compressed-air from the air motor other
than by escape ports purposely prov1ded there-
fore. :

-In order to convert the relatively low forgue
mgh speed of rotor shaft. 22-to a higher torque

is a-
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lower speed tool spindle 30, arranged along fhe
same axis as the rotor shaft, a planetary gear -
reduction unit is provided therebetween. As em-
bodied a small drive gear 31 is provided on the
forward end of rotor shaft 22 and this meshes
with two diametrically opposite pinions 32 jour-
nalled -on pins carried by a rotatable pinion
casing 34. 'The tool spindle 36 is keyed in & re-
duced hub portion 3% of pinion casing 34 and

‘seeured thereto by means of spindle head 3§

and threaded.jam nuts 387 carried by the spindle
and clamping ‘thru the inner race of ball bear-

“ing 38.

The non-rotatable member of the planetary
gear unit consists of an internal gear 39 formed on
a portion of the bore40 of a sleeve 4i. The pinion
casing 34 is so positioned within the bore 48
that the pinions 32 mesh with internal gear 39
of .sleeve -41. Since sleeve 4! is held against ro-
tation by spline 16 of liner 15 any rotation of
rotor .drive gear 31 is transmitted at higher
torgue.and lower speed to pinion casing 34 and
the attached tool spindle 38. The internal gear
sleeve 41 is slidably mounted within liner 15
and held in fixed relation to.rotor housing {7 by
having its inner end telescoped over a reduced
portion of housing IT and abutting a housing
shoulder 42, and being .fixed at its cuter end on
the outer race of ball bearing 38, as well as other
means described hereafter.

The forward end of tool spindle 30 passes thru
cylinder plug 12 where it may be journaled within
an anti-friction-sealing bushing 43 and at its end
provided with a removable adapter plug 44 upon
which any conventional tool chuck 45 and
cutting tool, as tap-46, may be secured in driving
connection.

Rotational mounting of the tool spindle 30 and
attached pinion casing 34 is attained by ball bear-
ing 38 carried in the forward end of internal gear
sleeve 41, and ball bearing 47 which is fixed in
a recess in the rearward end of. pinion casing 34.
The inner race of bearing 47 is ¢lamped on the
forward end of rotor shaft 22 between shaft shoul-
der 48 and spacer 49. This clamping action is
derived from jam-nuts §6- which are threaded on
the rearward end of rotor shaft 22 and act thru
all the parts directly mounted on the shaft be-
tween shaft-shoulder 48 . and nuts 50.

From the 'description thus far and an inspec-
tion of the drawings (Fig. 2) it is clear that all
parts carried by the rotor shaft 22 and tool spin-
dle ‘30 as well as internal gear sleeve 41, rotor
housing 17 and bore closure disc 20 are clamped
together in longitudinally fixed relation to each
other by nuts 37 and:50-so that any axial move-
ment of the spindle 30 relative to the body 10
produces the same movement in all the mentioned
parts as a ‘unit. This unit, as thus described,

" slides in-either axial direction within liner 15 but

65

(£

is normally maintained in a central, or neutral,
position as :shown in Fig. 2, by balanced spring
action. As embodied coiled spring 51 is inter-
posed at.the forward end of the unit between body
plug {2 and interna] gear sleeve 41, and a spring
52 of equal strength interposed at the rear end
of the unit between body end wall Ii and ring
support 26, Elimination of the dash pot effect of
unit movement is attained by providing air com-
munication between the . two spring chambers
thru apertures 53 and a..groove ‘54 formed in -
liner I5.

One object of the device is to provide a mech-
ahism whereby the: thrust:given the device by the
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opérator fo urge the tool into or out of the work

may be utilized to control automatically, by valve
means, the rotation in either direction or the
non-rotation of the air motor, and hence the cut-
ting tool. As embodied a flexible hose 55 is con-
nected at one end to a 'source of compressed air
(not shown) and at the other to the outer end of
the device handle 18. Leading from the latter
connection is an air passage 56 which communi-
cates with a shallow cavity 57 formed equally by
registering recesses in the handle base 58 and
that face of cylinder block portion 13 to which
the handle is firmly attached. 'The cavity 51
functions as & distributor head to-two sets of
inlet ports 69 and 61. . Inlét ports 60 are asso-
ciated with the'forward drive action of the cut-
ting tool (counter-clockwise as viewed from the
iront of the device or as viewed in Figs. 4 and 5)
and inlet ports 61 are associated with the reverse
drive action as for withdrawing the cutting tool
out of the work (clockwise). Inlet ports 60, (for-
ward drive) shown as three in number, lead up-
wardly from the right side of cavity 51 (as viewed
in Figs. 4 and 5) and through both the block por-+
tion (3 and the body liner 15. Ports 60, when
properly in register with three valve ports 62
formed in rotor housing 17 permit compressed air
to enter the right side of eccentric bore 18 (Fig. 5)
and, as previously explained, act upon vanes 23
of rotor 21 to cause rotation of the rotor in a
counter-clockwise direction. Inlet ports 61 (re-
verse drive) lead upwardly from the left side of
cavity 87 (Figs. 4 and 5) and thru block portion
13 and liner {5. When inlet ports 61 are in reg-
ister with three valve ports 63 formed in housing
{7 compressed air is admitted to eccentric bore
18 and causes rotor 21 to rotate clockwise. It is
to be noted that the two sets of valve ports 62 and
63 in the slidable housing 17 are disposed direct-
ly opposite each other on opposite sides of the
housing and the three ports in one set are equally
spaced from each other. However, in the case
of the two sets of inlet ports 66 and 61, ports 60
are not opposite ports 6{ but nearer the rear
(right in Fig. 3) of the device by a distance equal
to at least four times the diameter of ‘a port.

6 ‘

and 66 may be provided with grooves 67 leading
therefrom in diminishing area towards the line
contact between rotor hub 21 and rotor housing
1. The grooves 87 prevent the trapping of any
air in a rotor pocket before the pocket reaches
the point of air inlet.

Provision is made in the device so that under
certain conditions of operation, as for instance

. the tapping tool reaching the bottom of a blind

10

hole or an cverioading of the mechanism-due to
a broken tool, etc., the air motor is automatically
stopped even before the operator can react to the
conditions and bring the motor to a stop manu-

. ally.” As embodied a relatively strong compression

16

. valve ports 62.

20

. to the device by the operator.

25

spring 68 is nested within the rear spring §2 be-
tween ring support 26 and end wall {1 but it is
shorter than spring 52 by a distance equivalent
to that necessary to register intake ports 0 and
It is'adapted to be engaged and
compressed by the ring support 26 in the course
of the rearward travel of the ring support and
resisis further relative movement of the operat-
ing unit unless additicnal thrust effort is applied
This additional
thrust effort occurs when, for any reason, the
normal feeding of the tool into the work is ar-
rested by adverse or other conditions and con-
tinuing push by the operator occurs. 'The spring

. 88 is then compressed and valve ports 62 move

30

out of register with forward drive intake ports 60
thus stopping the air motor and allowing the
operator time to take appropriate action to re-
verse the motor or investigate the reason for the

.. stoppage.
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Thus when the device body 18 is shifted to the -

left (Pigs. 2 and 3) relative to the housing 7 for-
ward drive inlet ports 60 register with valve ports
62 and the rotor 21 rotates counter-clockwise as
viewed in Fig. 5 and the expanded air in the rotor
pockets is exhausted through three exhaust valve
ports 64 in housing {7 which are then in register
with exhaust ports 6% in liner 15 and body block
portion (3. Both the exhaust ports 84 and exhaust
valve ports 85 are on the opposite side of the de-
vice from inlet ports 60 and 62.

Clockwise (reverse) rotation of the rotor is
produced when the main body (8 is shifted to the
right (Figs. 2 and 3) relative to housing 1T until
the head of an adjustable screw 76, which is
threaded into body plug 12, strikes the forward
end of the internal gear sleeve 41 of the slidable
operating unit. The inlet or reverse ports 61 and
valve ports 63 are thus brought into register and,
on the opposite side of the device, three exhaust
valve ports 86 in housing 17 are registered with
three exhaust ports 67 formed in the main body
16 and liner 15 and the air motor is then drivable
in reverse direction. Serew T8 may be turned to
move it to the right (IFig. 2) so as to hold the slid-
able unit with the valves €3 in register thereby
causing continuous rotation in a clockwise direc-~
tion. ‘

;. Preferably each of the exhaust valve ports 64

50

66.

60

70
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Means are also provided in the device to enable
it to be run continuously, as for instance in pro-
duction drilling, still retaining the overioad stop-
ping feature but not the reversing feature. As
embodied the adjustable screw 70 threaded into
the body plug 12 may be screwed inwardly to
force the  slidable operating unit rearwardly
(against balaneing spring 52) until forward inlet
ports 60 are in register with valve ports 52. The
air motor, in this position, will then run con-
tinuously as long as compressed air is supplied
thereto or until such conditions arise where the
body 10 moves forward relative to the operating
unit (as in overload), compressing spring 68 and
shutting off air supply by de-registering intake
ports 68 and valve ports 62 as previously de-
scribed. i

If desired, when using the device as adjusted
for continuous running, a- conventional trigger
type air valve (not shown) may form part of the
handle i4.

The device as a whole is so constructed that it
may be used as an attachment for a machine tool
as for instance a turret lathe. When used in
this manner the side or top faces of body block
portion I3 may serve as bolting surfaces for
brackets or supports (not shown) forming part
of the machine tool. Recessed passages Ti, in
communication with each of the two sets of ex-
haust ports 65 and §7 are formed in the two side
faces of block portion 18 so that if these sides are
used.- as bolting surfaces the exhaust air circuit
is not blocked.

Operation

Ina right hand thread tapping operation in 3
blind hole the device is operated as follows: outer
end-of tapping tool 46 is placed in the hole en-
trance and the operator presses the device to-
wards the work (left in Figs. 1 and 2). The tool
46, not yet rotating, and the slidable operating
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ynit inside -the -device to whieh it is atfached
cannot yet move but the body 0 moves: “forward
under the operater’s pressure, causing the rear
balance spring 52 to he compressed between the
body end wall {1 and ring support 28 of the oper-
ating unit and registering forward 1ntake ports
60 .and valve ports 62. Compressed air, thus ad-
mitt ted to rotor housmg bore 18, starts air motor
and tool 46 rotating forwardly Tool 48 begms
and contmues to cut threads in the hole, pullmg
1tself 1nto the work. The body i6 of the device
is contmuously urged forward by the operator
during the tool feeding movement with just suf-
ﬁc1ent hand pressure to malntaln the air mtake
ports in reglster

When the tapping tool 46 reaches the bottom
of the hole and the 1nterna] operating unit can-
not move further forward the contlnued hand
pressure of the operator moves the’ body 10 st111
further forward, compressing secondary spring
68 and moving intake ports 50, 52 and exhaust
ports 84 and 64 out of register thus stopping rota-
tion of air motor ‘and tool 48 and notifying- the
operator that the threading action is completed

To extract the tapping tool from the work the
body 16 is moved rearwardly away from the work.
The tool and internal operating unit cannot yet
follow th1s movement with the result that the
body ID shlfts relatwe thereto unt11 the head
of admstable screw 18 strikes 1nternal gear sleeve
41, compressing forward balance spring 51 and
brrngrng reverse mtake ports 6i and Valve ports
63 and exhaust ‘ports 66 and 67 into register.
Air, thus admitted to the reversing side of the
air motor, reversely rotates tool 46 which screws
itself out-of the work, the operator, during this
time, maintaining the necessary hand pressure
rearwardly to-maintain the air ports in register.
As soon as the tool 46 is free from the hole, for~
ward balance spring 6{ restores the internal op-
erating unit fo -its central position in the body
10, de-registering all air ports and stopping the
rotation of the air motor.

In tapping a through hole the operation is the
same as above described except that as the tool
ﬁmshes its cutting work and starts riding for-
ward at a higher speed through the finished hole
the rear balance spring 52 urges the operating
unit forward faster than the operator is urging
the hody- {8 resulting in centralizing the two
parts and thus de-regisfering air ports to stop
rotation. Retraction of the tool from the work
is the same as already described above.

Drilling operations follow the same procedure
as tapping except that the infeed of the drill is
maintained by the .operator’s pressure on the
device which holds the forward intake ports in
register. The infeed pressure thus partakes of
the strength of rear balance spring 52. In drill-
ing a blind hole the operator simply stops for-
ward thrust of the device when the desired hole
depth is reached and the body 8 and internal
operating unit automatically centralizes and
stops rotation. Rearward pull on body (9 by
the operator either retracts the drill from the
work -direct if it is sufficiently free in the hole
or sets the device in reverse rotation position
and twists the drill out of the hole.

Alternatively, drilling may be accomplished
with continued rotation by shifting the slidable
unit 17 by means of adjustable screw 70. In this
case rotation is controlled by the manually con-
trolled -valve, not shown, in the supply line:55.

It will be obvious from a study of the draw-
ings that numerous other machining .operations
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may be performed by the deseribed device by use
of othgr e tt1ng tools sueh as burnishers, end
grinders, ¢ terbores, chamfers, and mills, key-
way cutters, ete.

The 1nvent10n in its broader aspects is not
limited to the specrﬁc mechanisms shown and
described but departures may be made therefrom
within the scope of the accompanying claims
without departing from the principles of the in=-
vention and. without sacmﬁclng its chief advan-
tages

What we claim is:

. 1..In an air driven motor tool, the combina-
tion of a reversible, rotary air metor, a casing in
which the moter is slidably mounted, valve ports
for supplying air te drive the motor in one di-
rection and  alternatively in the opposite-direc-
tion .and means controlled by the axial thrust
imposed by the work. on the motor for selec-
tively: controlling said wvalve ports whereby -the
direction of rotation of the metor is controlled
by the direction of thrust on the motor.

2. An air driven wmotor -tool as claimed -in
claim 1 -in which the.valve ports comprise air
passages in the motor -and casing - norma]ly out
of register with .each ‘other and selectlvely
brought .into register: by relative sliding move-
men$.of the motorand casmg

3. An air driven motor tool as claimed in claim
1 in whlch resilient means are prov1ded for
movmg the motor to a normal posmon in the'
casing.

4. An air driven motor tool as claimed in claim
1lin Whlch the motor is formed Wrth a plural-'
ity of air inlet ports and the casing is provrded
wrth a plurahty of air ducts selectlvely reglstered
with the ports by relatlve sliding movement of
the motor and casing.

5. An air drlven motor tool as claimed in claim
4 in which spring means at each end of the cas-
ing normally centrahze the motor and the ports
and ducts are so spaced as-to shut off the air
supplled to the motor in its centralized position.
ir driven motor tool as claimed in claim
5in Wmch the motor drlves a tool holdmg splndle
through planetary speed reductron gearing
mounted at one end of the moter and w1t‘un the

7 An air-driven motor tool as claimed in claim
6 in wh1ch the motor is a reversrble eccentrlc
vane air motor

8 In a motor tool for-reversible operation, the
combrnatlon of a hlgh speed reversrble motor a
cutter-tool holder driven by the motor, selector
means for reversibly supplying the motor with
power to drive it alternatively in one direction
or the other, a gasing in which the motor is slid-
bly mountfed for axial movement by thrust im-
n the work, and means controlled by axial
slid g movement .0f the motor in its casing for
selectlvely controllmg said selector means . to
operation .of the motor in one direction
or the ofther depending on axial .displacement
g;f the motor in its casing from its normal pos1-
on,

9. A motor driven tool according to .claim 8
in which spring means normally centralize the
motor in the casing .and the selector means in-
terrupts the supply of power to the motor in
that. position.

10.. A metor .driven tool according to clalm 9»
in which means are .provided for stopping ‘Jhe
supply of power to the motor on overloads.

11. A qmotor driven tool according to claim 8
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in which means are provided for stopping the UNITED STATES PATENTS
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