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FLUID DRIVEN ROTARY TAP SPINDLE WITH
FLUID DRIVE MEANS TO ADVANCE SPINDLE
TO WORK

Grant N, Willis and Lionel FL Seccombe, Jr., Bristol, and
Eving Y. Lake, Terryville, Conm., assigners to United-
Carr Fastener Corporation, Bosion, Mass., a corpora«
tion of Delaware

Filed Feb. 4, 1968, Ser. No. 6,684
4 Claims, (CL 10—136)

This invention generally relates to machines for form-
ing threads and more particularly to an improved thread
cuting device such as a tapping machine or the like capa-
ble of high speed operation.

It is a general object of this invention to provide an im-
proved high speed drive mechanism for a thread cuiter
which is easily and quickly cycled to complete a large
number of accurate threading operations in an extremely
short period of time.

1t is a further object of this invention to provide an im-
proved drive mechanism for thread cutters and the like
which is fast and accurate but which effectively protects
the cutting tool.

It is an additional object of this invention to provide
an improved thread cutting machine which is economical
to manufacture and operate, fast and durable in operation
and which retains its ability to produce accurate threads
for extended periods of use.

It is a still furiher object of this invention to provide an
improved thread cutting machine which is easily adapted
to automatic or semi-automatic operation.

Other objects will be in part obvious and in part pointed
out more in detail hereinafier.

The invention accordingly comsists in the features of
construction, combination of elements and arrangement
of parts which will be exemplified in the construction
hereafter set forth and the scope of the application of
which will be indicated in the appended claims.

In the drawings:

FIG. 1 is a side elevation view of a preferred embodi-
ment of this invention with a portion of the housing and
operating mechanism shown in vertical cross section;

FIG. 2 is a top plan view of the apparatus of FiG. 1;

FIG. 3 is a partial front elevation view of the apparatus
of FIG. 1 with a poriion of the support pedestals cut
away;

FIG. 4 is a cross section view taken along the lines
4—4 of FIG. 1; and

TIG. 5 is a schematic view of the controls and power
circuits of a preferred embodiment of this invention.

Because the thread cutting machine of this invention
has particular utility in a tapping operation, the iltustrated
embodiment is described as a tapping machine and, by
referring to the drawings, it is seen that this machine gen-
erally comprises a frame 18, a hydraulic gear motor 12
mounted on frame 1§ and connected to drive shaft 14, a
driven shaft 15 whose uppe rend is coupled to shaft 14 and
whose lower end carries chuck 16 to releasably retain a
suitable tap 17 (shown in phantom). As hereinafter
pointed out in greater detail, driven shaft 15 is mounted
for rotation coaxial with drive shaft 14 and for axial move-
ment relative thereto.

With the tapping machine arranged for vertical opera-
tion, frame 10 is mounted on a suitable support (not
shown) engaging bottom surface 2§ and is provided with
an outwardly extending top pedestal 22 and an outwardly
extending bottom pedestal 23, spaced from pedestal 22
and in vertical alignment therewith. Top pedestal 22 is
provided with vertical bore or passagsway 24 in which
driven shaft 14 is mounted for rotation in ball bearing 25
and sleeve bearing 26. Sleeve bearing 26 is carried by
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pedestal cap member 27 and is fastened to frame 10 by a
plurality of threaded fasteners 28.

Lower support pedestal 23 is provided with a cylindrical
bors or passageway 39, generally coaxial with passags-
way 24. Driven shaft 15 is supported for rotational and
axial movement in passageway 30 by sleeve bearing 31
carried by pedestal 23 and sleeve bearing 32 carried by
bearing guide member 33 which is secured to pedestal 23
by threaded fasteners 34.

In order to connect driven shaft 15 and drive shaft 14
for simultaneous rotation while permitting shaft 15 to
move axially relative to shaft 14 there is provided a low
inertia coupling generally designated 48. Although a con-
ventional spline connection or the like may be suitable
for many applications, extreme high speed operation re-
quires a low inertia, low friction-type coupling of the im-
proved type shown in FIGS. 1 and 4. Drive shaft 14 is
provided with an enlarged end portion 4% having an axial
bore 42 formed therein, the diameter of bore 42 being
slightly greater than the diameter of upper end 43 of
driven shaft 15 so that end 43 slides freely within bore
42. The side walls of bore 42 are provided with diamet-
rically opposed grooves 46 and 47 formed therein and
upper end 43 of driven shaft 15 is also provided with
diametrically opposed grooves 59 and 51. Ball 52 is dis-
posed in the aligned grooves 45 and 50 and ball 53 is
disposed in the aligned grooves 47 and 51 thereby to estab-
lish a positive rotary drive connection between drive shaft
14 and driven shaft 15 throughout the range of relative
axial shaft movement permitted by rolling of the balls
along the respective grooves. Stop pins 54 and 55 in end
43 prevent the balls from leaving the grooves and stop
pins 56 prevent end 43 {rom being inadvertently with-
drawn from bore 42.

In order to withdraw the tap from the newly tapped
hole, it is necessary that the direction of rotation of the
tap be reversed and it is therefore essential that the drive
motor for rotating shafts 14 and 15 be easily and quickly
reversible if high speed machine operation is to be
achieved. It has been found that our hydraulic gear
motor can be operated at high speeds and yet is almost
instantaneously reversible because of its low rotating mass
and positive drive characteristics. Accordingly, a con-
stant volume hydraulic gear motor 12 is mounted on top
guide plate 27 by threaded engagement of fasteners 60
which clamp flange 61 of motor 12 in proper alignment
with shaft 14 so that coupling 63 is easily engaged with
shaft 14.

In order to accomplish safe, conirolled downward
movement of driven shaft 15 and tap 17 into proper en-
gagement with the workpiece, there is provided on shaft
15 a piston in the form of a nylon collar 78 disposed
within bore 39 on lower pedestal 23 and of a diameter
slightly less than that of bore 38. Guide plate 33 co-
overates with shaft 15 to close the upper end thereof
50 as to define a cylinder 71 closed at its upper end. As
most clearly sesn in FEG. 3, lower pedestal 23 is pro-
vided with a first bored passageway 72 and-a lower bored
passageway 73 which permit air to be supplied to and
vented from cylinder 71 to exert a downward force on

iston 78 to move tap 17 inito operative engagement
with the workpiece. Because the diameter of piston 78
is smaller than the diameter of cylinder 71 there is pro-
vided a “leaky piston” arrangement such that engage-
ment of the tap with the workpiece or amy other ob-
struction to downward movement causes the air to leak
around piston 78 without exerting an excessive down-
ward force that would cause excessive tap wear and
oversize cutting of the thread.

In order to provide for the return of shaft 15 and tap
17 to the “up” position wherein a new workpiece can be
indexed into proper working position, there is provided
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the collar 89 which is rotatably mounted by ball bear-
ing 81 on shaft 15 intermediate upper pedestal 22 and
lower pedestal 23. Bored passageway 83 in upper hous-
ing 22 accommodates coil spring 84 which has its lower
end attached to collar 89 by cotter pin 85 and its upper
end attached to frame 27. Not only does spring 84 pro-
vide the necessary return force, but it also can be select-
ed in accordance with the operating air pressure to bal-
ance the downward air pressure force on piston 78 at the
point of contact of tap 17 with the workpicece thereby to
eliminate any downward force on tap 17 as a result of
air pressure while the tap is in operation. Thus, the
tap can be advanced into the workpiece by its own lead.

Turning now to the hydraulic and air supply circuits
togsther with the various control features, it is noted that
by referring to FIG. 5 in conjunction with the other
drawings that oil is supplied from sump 99 to output line
91 by gear pump 92 driven by electric motor 93. A
relief valve 94 is provided in line 95 connected between
line 1 and sump 9§ to prevent damage to the system be-
cause of an obstruction in the hydraulic circuit. Line 91
is connected to four-way solenoid valve 97 mounted on
the top of frame 10 and return line 98 is also connected
to valve $7 for return of hydraulic fluid to the oil sump.
Fluid supply lines 160 and 161 are connected between
valve 97 and gear motor 12 and act as supply and re-
turn lines for gear motor 12 depending upon its direc-
tion of rotation as determined by the position of valve
97. That is, valve 97 acts as a reversing valve to con-
nect supply line 91 to line #6% or to line 181 as desired.

Air is supplied to solenoid valve 11@ from a suitable
source (not shown) through line 131. Supply line 112
connects valve 118 to passageway 72 and exhaust line
113 connects valve 110 to passageway 134. If desired,
an aspirator or other suitable means (not shown) can
be provided in the air supply line to add oil to the air so
as to enable the bearings in top pedestal 22 and bottom
pedestal 23 to be easily and properly lubricated.

Automatic and semi-automatic operation of the tapping
device of this invention is accomplished by the provision
of lower limit switch 120 and upper limit switch 123
which are adjustably mounted on frame 19 in any de-
sired manner. Frame 18 is provided with a slot 123
through which extends arm 124 of collar 86 to preclude
rotation of collar 83 with shaft 15 and to engage the
limit switches 12 and 122 to effect operation of the as-
sociated valves as hereinafter described.

Furiher understanding of my invention can best be
obtained by referring to FIG. 5 and a description of
the operation of the structure and circuitry of this in-
vention under automatic conditions. Control solenoid
125 is provided to control the automatic operation of my
tapping device. Suitable electrical supply lines 127 and
128 are connected to energize solenoid valve 116 through
lines 13@, 131 and sclenoid valve 97 through lines 133,
134 through contact 1256 of solenoid 125. Actuation
of contact 1255 is, of course, controlled by solenoid 125
whose energization is controlled by normally closed lower
switch 126 acting through lines 136, 137, normally open
limit switch 122 acting through lines 338, 132 and seal-
ing contact 125,

Assuming shaft 15 to be moving under the force of
spring 84 with pneumatic solenoid valve 110, hydraulic
solenoid valve 97, and control solenoid 125 de-energized,
the tap is rotating in a backward or counterclockwise
direction. When shaft 15 reaches the upper limit of
travel so that arm 124 engages upper limit switch 122
to close the normally open contact, it is seen that power
is supplied to control solenoid 125 through line 136,
lower limit switch £29, line 137, upper limit switch 122
and line 138. Energization of solenoid 125 closes con-
tacts 125b and sealing contact 125a to keep sclenoid 125
energized when upper limit switch 122 opens. Upon
closing of coniacts 1255, both pneumatic solenoid valve
119 and hydraulic solenoid valve 97 are energized there-
by reversing the direction of rotation of gear motor 12
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and supplying air through line 112 to cylinder 71 to drive
shaft 15, tap 17 and collar 80 downwardly. As pre-
viously pointed out, spring 84 is, in the preferred embodi-
ment, selected to counterbalance the force exerted by
piston 76 at the point of contact of tap 17 with the work-
piece so that the advancing of tap 17 into the workpiece
is controiled almost solely by the lead of the cutting teeth
thereon. Upon completion of the tapping operation,
arm 124 engages lower limit switch 126 to open the
contacts and de-energize solenoid 325 thereby opening
contact 125b and de-energizing pnsumatic solenoid valve
19 and hydraulic solenoid valve 97. Gear motor 12
thereby is reversed in direction to cause the tap to back
out of the hole and cylinder 71 is vented to the atmos-
phere through supply line 112 and exhaust line 113.
When tap 17 clears the hole, shaft 15 is free to return
its uppermost position under the force of spring 80,
whereupon arm 124 engages upper limit switch 122 to
repeat the operative cycle. If desired, the closure of
upper limit switch 322 can be brought about by the
proper positioning of a workpiece beneath tap 17.

If semi-automatic operation is desired, upper limit
switch 122 is replaced by a pair of normally open con-
tacts operated by a manual push button. It is neces-
sary only to close these contacts to initiate each com-
plete cycle of operation.

To provide a typical example of the type of operation
obtainable with the tapping device of this invention, it
is noted that with the device arranged for automatic
operation it has been possible to accurately tap 120 holes
per minute with a No. 10 tap including proper indexing
of the workpiece. These figures are based upon a gear
motor which provides 3600 r.p.m. for the driven shaft 15
with air at 40 pounds per square inch.

It is noted, in addition, that the constant volume hy-
draulic system utilized to rotate the tapping device of
this invention not only provides positive and accurate
tapping rotation but, in addition, permits almost instan-
taneous reversal of the direction of rotation of the tap.
It is further noted that the design of the various elements
and couplings of this invention minimize the rotational
inertia of the system so as to further facilitate substan-
tially instantaneous reversal of rotation and fast posi-
tive action of the moving parts. The leaky piston ar-
rangement of the axial drive mechanism protects the
tap from breakage because of improper contact with the
workpiece and the use of the return spring not only
simplifies return of the driven shaft for proper indexing
but provides counterbalancing of the air drive forces to
reduce wear and tear on the tap. The described struc-
ture permits holes to be tapped in an extremely accurate
manner at speeds heretofore unobtainable with a struc-
ture that is both economical to manufacture as well as
extremely durable in operation.

As will be apparent to persons skilled in the art, vari-
ous modifications and adaptations of the structure above
described will become readily apparent without departure
from the spirit and scope of the invention, the scope of
which is defined in the appended claims.

We claim:

1. A high speed tapping device comprising a frame
having a top support pedestal and a bottom support ped-
estal mounted thereon in spaced apart relationship, a
drive shaft rotatably supported by said top pedestal, a
cylindrical passageway formed in said bottom support
pedestal coaxial with said drive shaft, a driven shaft
of smaller diameter than the passageway in said bottom
pedestal, means supporting said driven shaft in the pas-
sageway for rotation coaxial with said drive shaft and
for axial movement relative thereto, said support means
cooperating with said dirven shaft to close the upper
end of the passageway, a coupling connecting said drive
shaft in said driven shaft for simultaneous rotation while
permitting relative axial movement, a collar rotatably
mounted on said driven shaft and axially movable there-
with, said collar having a portion thercof in engagement
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with said frame intermediate said pedestals to preclude
rotation thereof, a piston mounted on said driven shaft
within the cylindrical passagéway and of smaller diam-
eter than the cylindrical passageway, a chuck mounted
on the end of said driven shaft for releasably retaining
a tap therein, means to supply air to said cylnider to move
the tap into operative engagement with the workpisce,
said last-nameed means nicluding a solenoid valve op-
erable in one direction to vent the air in the cylinder to
the atmosphere, restoring means opposing movement of
said driven shaft by said piston, a hydrauiic gear motor
mounted on said top support pedestal and operative to
rotate said drive shaft in either direction, means for sup-
plying hydraulic fiuid to rotate said motor, said last-
named means including a solenoid operable in one direc-
tion to reverse the direction of rotation of said drive
shaft, and a limit switch mounted on said frame and
engageable by said collar to effect operation of said sole-
noid valve to reverse the direction of rotation of the hy-
draulic motor and to operate said solenoid air valve to
vent the air contained in said cylinder to the atmosphere.

2. A high speed tapping device comprising rotatably
mounted drive shaft, a driven shaft, means supporting
said driven shaft for rotation coaxial with said drive
shaft and for axial movement relative thereto, said drive
shaft having a substantially tubular end disposed about
and in spaced relationship to said driven shaft, a pair of
diametrically opposed longitudinally extending grooves
formed in each said shaft, a ball disposed between each
pair of opposed radially aligned-grooves and connecting
said drive shaft and said driven shaft for simultaneous
rotation while permitting relative axial movement, a pis-
ton mounted on and coaxial with said driven shaft, a cyl-
inder operatively disposed about said piston and fixedly
positioned relative to the support means for said driven
shaft, a chuck on the end of said driven shaft for releas-
ably retaining a tap therein, means for supplying air to
said cylinder to move said piston relative thereto to bring
the tap into operative engagement with the workpiece,
said last-named means including a solenoid valve opera-
ble in one direction to vent the air contained within the
cylinder to the atmosphere, restoring means opposing
movement of said dirven shaft by said piston, said piston
and cylinder being arranged to permit leakage of air
around said piston, a hydraulic gear motor connected tc
said drive shaft for rotating said drive shaft in either
direction, means for supplying hydraulic fluid to said
hydraulic gear motor including a solenoid valve opera-
bile to reverse the direction of said hydraulic motor, a
limit switch, and means carried by said driven shaft and
engageable with said limit switch to effect operation of
said solenoid valve to vent the air contained in the cylin-
der and to reverse the direction of rotation of the hy-
draulic motor.

3. A high speed tapping device comprising a rotatably
mounted drive shaft, a driven shaft, means supporting
said driven shaft for rotation and for axial movement,
a coupling connecting said drive shaft and said driven
shaft for simultaneous rotation, said coupling permitting
axial movement of said driven shaft relative to said drive
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shaft while rotating, a piston mounted on and coaxial
with said driven shaft, a cylinder operatively disposed
about said piston and fixedly positioned relative to the
support means for said driven shaft, a chuck on the end
of said driven shaft for releasably retaining a tap therein,
means for supplying air to said cylinder to move said
piston relative thereto to bring the tap into operative
engagement with the workpiece, said last-named means
including a solenoid valve operable in one direction to
vent the cylinder to atmosphere, restoring means oppos-
ing movement of said driven shaft by said piston, said
piston and cylinder being arranged to permit leakage of
air around said piston, a hydraulic gear motor operatively
connected to said drive shaft to rotate said drive shaft
in either direction, means for supplying hydraulic fluid
to said motor including a solenoid valve operable to re-
verse the direction of rotation of said motor, a limit
switch, and means carried by said driven shaft and en-
gageable with said limit switch to effect operation of said
solenoid valves.

4. A high speed tapping device comprising a rotatably
mounted drive shaft, a driven shaft, means supporting
said driven shaft for rotation and for axial movement,
a coupling connecting said drive shaft and said driven
shaft for simultaneous rotation, said coupiing permiiting
axial movement of said driven shaft relative to said drive
shaft while rotating, a piston mounted on and coaxial
with said driven shaft, a cylinder operatively. disposed
about said piston and fixedly positioned relative to the
support means for said driven shaft, a chuck on the end
of said driven shaft for releasably retaining a tap therein,
means for supplying air to said cylinder to move said
piston relative thereto to bring the tap into operative
engagement with the workpiece, said last-named means
including a solenoid valve operable in one direction to
vent the cylinder to atmosphere, restoring means oppos-
ing movement of said driven shaft by said piston, a hy-
draulic gear motor operatively connected to said drive
shaft to rotate said drive shaft in either direction, means
for supplying hydraulic fluid to said motor including a
solenoid valve operable to reverse the direction of rota-
tion of said motor, a limit switch, and means carried by
said driven shaft and engageable with said limit switch
to effect operation of said solenoid valves to thereby
simultaneously reverse the direction of the motor and
vent the cylinder to atmosphere.
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