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[57] ABSTRACT

A variable speed and direction power transmission at-
tachment for driving the cutting tool carriage of a lathe
or the like, the attachment having sets of intermeshing
male and female cog gears. Certain of such sets each
comprises a face gear having a plurality of concentric
rows of tooth socket elements formed therein. A male
cog gear is selectively settable to mesh with any of such
rows to change the gear ratio. By changing the com-
bined setting of different sets of gears, a wide variation
in overall gear ratio may be obtained to provide many
different feeding speeds of the carriage, suitable for
general cutting and for screw thread cutting. A revers-
ing mechanism, also constructed of intermeshing cog
gears, enables the direction of drive to be reversed or
the drive to be disconnected to permit manual drive of
the carriage.

15 Claims, 11 Drawing Figures
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VARIABLE SPEED POWER TRANSMISSION
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to variable speed power trans-
mission mechanisms and has particular reference to a
quick-change variable speed gearing attachment for
driving the workpiece cutting tool of a lathe or similar
machining apparatus.

2. Description of the Prior Art

Although many lathes incorporate built-in quick-
change variable speed gearing devices for power driv-
ing a cutting tool relative to a workpiece for both gen-
eral cutting or for cutting screw thread, many others,
particularly those in the small and inexpensive catego-
ries such as are used for hobby and model making, do
not. Attachments are available which can be mounted
on such lathes for screw threading and the like but they
generally require special gears and other elements for
each rate of feed of the tool carriage. Thus, in order to
cut various ores of different screw threads or to move
the cutting tool at different rates for general cutting
operations, a large number of different gears or other
. elements must be carried on hand and a certain amount
of dismantling and reassembly as well as adjustment of
the lathe must generally be performed each time a
change in feed rate is to be made. This is not only expen-
sive but, to change from one to another set up is gener-
ally tedious, time consuming and subject to error.

SUMMARY OF THE INVENTION

Accordingly, a principal object of the present inven-
tion is to provide a quick-change power feed attach-
ment for a lathe or the like apparatus.

Another object is to provide a quick-change power
feed attachment which is inexpensive, of simple con-
struction, and contains relatively few parts.

Another object is to provide a quick-change power
feed attachment in which the direction of drive may be
readily reversed or the drive may be disabled to permit
manual feeding.

A further object of the invention is to provide a
quick-change power feed attachment which can be
quickly and easily attached to or detached from a lathe.

According to the present invention, a quick-change
power transmission attachment is provided for a lathe
or the like which is self contained and which forms an
underlying support for the lathe. The power input is
derived from the lathe spindle through a cog belt and
pulley drive while the power output to the feed screw
for the tool carriage is transmitted through a similar cog
belt and pulley drive, thus facilitating assembly of the
unit onto the lathe and obviating the necessity for pre-
cise positioning of the attachment relative to the lathe.

According to a more basic aspect of the invention,
the variable speed gear transmission elements comprise
unique inexpensive face gear and mating cog gear com-
binations. Certain of the face gears incorporate a plural-
ity of rows of toothed socket elements, any row of
which can be meshed with the cooperating cog gear by
first moving the face gear out of mesh and then shifting
the cog gear into alignment with the selected row, after
which the face gear is returned to mesh.
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BRIEF DESCRIPTION OF THE DRAWINGS

The manner in which the above and other objects of
the invention are accomplished will be readily under-
stood on reference to the following specification when
read in conjunction with the accompanying drawings,
wherein:

FIG. 1is a perspective view of a lathe and power feed
attachment thereto embodying a preferred form of the
present invention.

FIG. 2 is a side view, partly broken away and partly
in section, of the combined lathe and power feed attach-
ment of the present invention.

FIG. 3 is a sectional plan view of the power feed
attachment and is taken along line 3—3 of FIG. 1.

FIG. 4 is a sectional elevation view taken along the
line 4—4 of FIG. 3.

FIG. 5 is an enlarged view of one of the face gears
and is taken along the line 5—S5 of FIG. 3.

FIG. 6 is a transverse sectional view of the face gear
and is taken along the line 6—6 of FIG. 5.

FIG. 7 is a fragmentary sectional view through part
of the face gear and is taken along line 7—7 of FIG. 5.

FIG. 8 is a sectional view through part of the gearing
and is taken along line 8—8 of FIG. 3.

FIG. 9 is a sectional view through another part of the
gearing and is taken along the line 9—9 of FIG. 3.

FIG. 10 is a sectional view, partly in exterior, show-
ing the screw threading dial and is taken generally
along the line 10—10 of FIG. 3.

FIG. 11 is an enlarged fragmentary sectional view
through a typical spring detent for locating one of the
gear shifts in selected position and is taken along line
11—11 of FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring particularly to FIGS. 1 and 2, the lathe
shown therein is typical of the type of lathe to which
the power feed attachment of the present invention may
be applied. The lathe comprises a frame bed 11 which
supports a headstock 12 at one end. A hollow spindle 13
is rotatably mounted in bearings 14 carried by the head-
stock and is driven by a motor 15 through a belt and
pulley drive partly shown at 16. A chuck 18 or other
workpiece supporting device is mounted on the spindle
13 to support a workpiece, not shown, or it may cooper-
ate with a tailstock 17 for supporting such workpiece
therebetween. The tailstock 17 is fixedly mounted upon
a pair of parallel support rods 20 attached at opposite
ends to the opposite ends of the frame bed 11. A cutting
tool carriage 21 is mounted on the rods 20 for sliding
movement therealong and carries a tool holder 22 for
supporting a suitable cutting tool, not shown, to apply a
cutting action on the rotating workpiece.

A bushing 23 is fitted in a horizontally extending
opening in the carriage 21 and is removably secured in
the opening by a nut 24 screwthreaded on the left hand
end of the bushing. The bushing 23 is threadably con-
nected to a feed screw 25 which passes through an
enlarged opening 26 in the tailstock 17 and has a re-
duced bearing portion 27 journalled in a bearing formed
in a bracket 28 forming part of the bed 11. A hand wheel
30 is secured to the right hand end of the screw shaft 25
to enable manual rotation of the shaft to feed the car-
riage 21 along the length of the workpiece.

According to the present invention, a quick-change
variable speed power transmission attachment generally
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indicated at 31 is secured to the bottom of the lathe bed
11 to form a support for the lathe and to transmit rota-
tion between the lathe spindle 13 and the feed screw 28§
at different preselected ratios. The attachment 31 com-
prises, generally, a change speed unit 32, a reverse and
disengaging unit 33, a power inpput comprising a
toothed pulley 34 attached to the spindle 13, a toothed
pulley 35 and an endless toothed belt 36 extending over
the pulleys, and a power output comprising a toothed
pulley 37 forming part of the hand wheel 30, a toothed
pulley 38 and a toothed belt 40 extending over both the
latter pulleys.

Referring now particularly to FIGS. 3 and 4, the
change speed unit 32 is contained mainly within a hous-
ing 41 arranged to be suitably secured on a supporting
surface 42. The housing is sealed against entrance of
dirt, etc., by a cover plate 43 secured thereon by screws
44. The plate 43, in turn, forms a support for the left
hand end of the lathe bed 11 to which the bed is suitably
secured by bolts, one of which is shown at 45 (FIG. 1).

The aforementioned power inut pulley 35 is keyed to
a shaft 46 on which a female face gear 47 is fixed. The
shaft 46 is rotatably mounted in a bearing bushing 48
which is screw threaded at 50 concentrically of shaft 46
in the wall 51 of the housing 41 and has a knurled knob
portion 52 located exteriorally of the housing 41 to
enable manual rotation of the bushing 48 to screw or
unscrew the bushing, and therefore the face gear 47,
axially a limited amount for a purpose to be described
presently.

The face gear 47 is illustrated in meshing relation
with a male cog or spur gear 53 secured on a shaft 54
which is both rotatably and slidably mounted in bear-
ings formed in front and rear walls 55 and 56, respec-
tively, of the housing 41.

Describing now the construction of the face gear 47
and cog gear 53, reference is had particularly to FIGS.
5 to 7 wherein it will be seen that the gear 47, which is
preferably molded of plastic, has three concentric rows
of spaced semispherical tooth sockets 57 formed therein
to mesh with spaced semi-spherical tooth projections 58
carried by the cog gear 53. The projections 58 are
formed by spherical elements which are partially em-
bedded within the outer periphery of the gear 53 and
are welded or otherwise secured therein.

It will be noted that the circular pitch “c”, i.e., the
distance measured along the pitch circle from the center
of one socket to that of an adjacent socket, is equal in all
three rows and this distance is equal to the circular pitch
of the projections 58 on the cog gear 53. Thus, the cog
gear 53 may be shifted axially into proper meshing rela-
tion with the sockets 57 of any of the three concentric
rows on the face gear to provide for transmission of
movement between the gears at three different ratios,
there obviously being different numbers of tooth sock-
ets 57 in the different rows. In the example shown, the
face gear contains 10 sockets in the inner row, 20 in the
center row and 30 in the outer row. However, in order
to prevent interference between the projections 58 and
the land portions surrounding the sockets 57 of any of
the rows during meshing and demeshing of the projec-
tions with the sockets 53, annular clearance grooves 60
are formed in the face gear around the several rows of
sockets. The sockets open radially outwardly into such
clearance grooves 60 so that as each projection 58
moves tangentially into meshing engagement with a
socket 57, it first passes into the clearance groove as will
readily be seen by dot-dash-lines 52a and 584, FIG. 5,
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4
resulting in a smooth transmission of movement be-
tween the gears.
In order to mesh the cog gear 53 with a selected one
of the rows of tooth sockets 57, the bushing 58 is un-

- screwed a slight distance, carrying with it the gear 47,

until the latter demeshes from the gear 53. A knob 58 on
shaft 54 is then grasped to shift the shaft and gear 53
axially into alignment with the selected row of tooth
sockets. In order to indicate the particular row of sock-
ets with which the gear 53 is aligned, spaced colored
bands 60 are formed on the shaft 54. By noting the
location of such bands relative to the front housing wall
55, the setting of the gear 53 will be indicated. Thereaf-
ter, the bushing 48 is screwed back into the wall 51,
returning and locking the face gear 47 laterally into
mesh with the gear 53.

In order to locate and hold the gear 53 in proper
meshing engagement with a selected row of sockets 57
spaced circumferentially extending detent grooves 61 .
are formed in the shaft 54 to be engaged by a detent ball
62, FIG. 11, which is yieldably urged against the shaft
by a compression spring 63 interposed under a set screw
64 threaded within a hole 65 formed in the wall 56.

A second but female cog gear 66 is slidably keyed on
the shaft 54 and is located against axial movement by a
pair of stationary guide fingers 67 and 68 extending
upwardly from the bottom wall of the housing 41 and
engaging the opposite ends of the gear 66. Gear 66
meshes with a relatively large male cog gear 70, fixed to
a second shaft 71 which is rotatably and slidably
mounted in bearings formed in the front and rear walls
85 and 56, respectively of the housing 41. The gear 70
has spaced semi-spherical projections similar to projec-
tions 58 which mesh with sockets 69 of gear 66, the
sockets 69, however, extending along the length of gear
66.

Shaft 71 is similar to shaft 54 but is shiftable into two
axial positions only by means of a knob 73 at the for-
ward end thereof. A detent device, not shown, but
similar to that disclosed in FIG. 11, is provided to locate
the shaft in either of such two positions.

In the rear, full line illustrated position of the shaft 71,
the cog wheel 70 lies out of meshing engagement with
a female cog wheel 74 which is slidably keyed on a third
shaft 75 but is prevented from axial movement by sta-
tionary guide fingers 76 extending over the opposite
ends thereof.- On the other hand, in such position of the
shaft 71, a relatively small male cog gear 78 fixed on
shaft 71 extends in meshing engagement with a rela-
tively large female cog gear 80 which is slidably keyed
on the shaft 75 and prevented from axial movement by
stationary guide fingers 81. In the embodiment shown,
the gears 70 and 80 are twice the diameter of the coop-
erating gears 77 and 78.

When the shaft 71 is shifted into its forward alternate
position, gear 70 moves into mesh with gear 74 and gear
78 moves out of mesh with gear 80.

A male cog gear 82, similar to cog gear 53, is fixed on
shaft 75 and is arranged to mesh with a female face gear
83, similar to face gear 47. Gear 83 is fixed on a shaft 89
which extends coaxially of shaft 46 and is rotatably
mounted at its left hand end in a bushing 84 screw
threaded at 85 into the right hand wall 86 of the housing
41.

The shaft 75 may be shifted into any of three axial
positions of align the gear 82 with any of three concen-
tric rows of toothed sockets in face gear 83 and the
bushing 84 may be manually unscrewed in a manner



4,171,649

5

similar to bushing 48 to demesh the face gear 83 from
gear 82 to enable selective positioning of the gear 82 as
desired. Thereafter, the bushing is returned to lock the
gears 82 and 83 in mesh. Detenting means, similar to
that described in connection with shaft 54, is provided
to locate the shaft 85 in any of its three positions.

Describing now the reverse and disengaging unit 33,
the latter is housed mainly in a housing 87 which rests
upon the supporting surface 42 and is sealed by a cover
plate 88 secured thereon by screws 90. The plate 88, in
turn, forms a support for the right hand end of the lathe
bed 11 which is secured thereto by bolts, one of which
is shown at 91, FIGS. 1 and 2.

The right hand end of shaft 89 is journaled in a ball
bearing 92 mounted in the left hand wall of housing 87
and has slidably keyed thereon a plastic female face gear
93 similar to gears 47 and 83 but having only one circu-
lar row of socket teeth 94 formed in the right hand face
thereof. Gear 94 is in continual mesh with mal cog gear
95 which is slidably keyed on a shaft 96 but held against
axial movement by stationary guide fingers 97 engaging
opposite ends thereof.

The shaft 96 is mounted for rotational and axial
movement in bearings formed in the front and rear walls
of the housing 87 and is adapted to be shifted endwise
into any of three positions by a handle 98 pivoted at 99
in a slot 100 formed in the right hand wall of the hous-
ing 87. The left hand end of the handle 98 fits within a
circumferential slot 101 formed in a bushing 102 se-
cured to the shaft 96.

Two plastic female face gears 103 and 104, each hav-
ing a single circular row of socket tecth formed in the
face thereof, are fixed on the shaft 96 on opposite sides
of a male cog gear 105. When the shaft 96 is in its neu-
tral position illustrated in FIG. 3, both face gears 103
and 104 are out of mesh with the gear 105 and, there-
fore, can not transmit rotation thereto. However, when
the handle 98 is rocked clockwise into its alternate posi-
tion shown by dot-dash-lines 984, the shaft 96 is moved
rearwardly to mesh the face gear 103 with cog gear 105
to rotate the same in one direction, and when the handle
is moved counterclockwise into its alternate position
985, the shaft 96 is shifted axially to mesh the gear 104
with cog gear 105 to rotate the latter in an opposite
direction. Suitable detenting devices, similar to that
shown in FIG. 11 are mounted in the front and rear
walls of the housing 87 to locate the shaft 96 in any of
its three different positions.

Cog gear 105 is fixed on a shaft 106 journaled in a ball
bearing 107 supported by the housing wall. The shaft
106 carries at its outer end the aforementioned toothed
pulley 38 for driving belt 40.

A screw threading dial device generally indicated at
108, FIGS. 1, 2 and 10, is provided to indicate the
proper meshing engagement of one or the other of the
face gears 103 and 104 with the cog gear 105 during
screw thread cutting operations of the workpiece. The
device comprises a dial 110 mounted on a shaft 111
journaled in the front wall of the housing 87 and carry-
ing a female cog gear 112 which meshes, only when the
shaft 96 is in its illustrated neutral position, with a male
cog gear 113 fixed on the shaft 96 and having the same
diameter as gear 112. One or more timing marks 1130
are formed on the dial 110 to indicate, when moving
past a stationary index mark 114 on the wall of the
housing 87, the proper instant for operating the handle
98 to mesh one or the other of the face gears 103 and 104
with cog gear 108.
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Describing now the adjustment of the variable speed
transmission unit 32, the centrally located 71, FIGS. 3
and 4, is generally set in its illustrated rear position for
general cutting operations, resulting in a relatively fine
pitch movement of the carriage 21, or in its alternate
forward position for thread cutting, resulting in a rela-
tively coarse pitch movement of the carriage. The
amount of such fine or coarse pitch movement, how-
ever, is determined by the differential positioning of the
outer shafts 54 and 75. When the shaft 71 is set in its
illustrated rear position, power is transmitted from spin-
dle 13 through pulley 35 and the train of gears 47, 53,
66, 70, 78, 80, 82 and 83 to drive the shaft 89 in one
direction. However, for screw cutting purposes, the
shaft 71 is shifted into its forward position, and in this
condition power is transmitted through pulley 35 and
the train of gears 47, 53, 66, 70, 74, 82 and 83 to drive the
shaft in the same direction but at a higher rate of speed
relative to the speed of the spindle 13.

Differential setting of the shafts 54 and 75 also
changes the overall gear ratio to change the pitch
movement of the carriage within the broad ranges that
are determined by the setting of the shaft 71. For exam-
ple, with the gear ratios set forth hereinbefore, and with
the feed screw 25 having a pitch of 18 threads per inch,
the following chart illustrates the pitch movement of
the carriage, i.e., the advance during each revolution of
the spindle 13 or the number of threads cut per inch,
with different settings of the shafts 54, 71 and 75.

(R)=rear position of shaft.

(C)=central position of shaft.

(F)=forward position of shaft.

(1) Shaft 54 (R), shaft 71 (R), shaft 75 (R): feed=0.014

in. per rev.

(2) Shaft 54 (R), shaft 71 (R), shaft 75 (R): feed =0.020

in. per rev.

(3) Shaft 54 (R), shaft 71 (R), shaft 75 (F): feed =0.039

in. per rev.

(4) Shaft 54 (C), shaft 71 (R), shaft 75 (R): feed=0.009

in. per rev.

(5) Shaf't 54 (C), shaft 71 (R), shaft 75 (C): feed=0.014

in. per rev.

©) Shaft 54 (C), shaft 71 (R), shaft 75 (F): feed =0.028

in. per rev.

(7) Shaft 54 (F), shaft 71 (R), shaft 75 (R): feed =0.004

in. per rev.

(8) Shaft 54 (F), shaft 71 (R), shaft 75 (C): feed=0.007

in. per rev.

(9) Shaft 54 (F), shaft 71 (R), shaft 75 (F): feed =0.014

in. per rev.

(10) Shaft 54 (R), shaft 71 (F), shaft 75 (R): feed=18

threads per inch.

(11) Shaft 54 (R), shaft 71 (F), shaft 75 (C): feed=12

threads per inch.

(12) Shaft 54 (R), shaft 71 (C), shaft 75 (F): feed =8

threads per inch.

(13) Shaft 54 (C), shaft 71 (F), shaft 75 (R): feed =27

threads per inch.

(14) Shaft 54 (C), shaft 71 (F), shaft 75 (C): feed=18

. threads per inch.

(15) Shaft 54 (C), shaft 71 (F), shaft 75 (F): feed=9

threads per inch.

(16) Shaft 54 (F), shaft 71 (F), shaft 75 (R): feed =54

threads per inch.

(17) Shaft 54 (F), shaft 71 (F), shaft 75 (C): feed=36

threads per inch.

(18) Shaft 54 (F), shaft 71 (F), shaft 75 (F): feed =18

threads per inch.
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It will be obvious to those skilled in the art that many
variations may be made in the exact construction shown
without departing from the spirit of this invention. For
example, by substituting a feed screw 25 of different
pitch, a different combination of selectable feed rates
can be provided.
I claim:
1. A power transmission apparatus comprising a
power input member,
a power output member,
a face gear operatively connected to one of said mem-
bers,
means supporting said face gear for rotation about a
first axis,
said face gear having a plurality of circular rows of
tooth elements extending concentrically about said
axis,
a circular pitch of said tooth elements being the same,
a second gear having a circumferential row of tooth
elements,
means operatively connecting said second gear to the
other of said members,
the circular pitch of said tooth elements of said sec-
ond gear being the same as the circular pitch of said
tooth elements of said face gear,
means for moving said second gear endwise to align
said tooth elements thereof with any of said circu-
lar rows of tooth elements of said face gear, and
means for moving said face gear endwise to mesh an
aligned row of said tooth elements thereof with
said tooth elements of said second gear.
2. A power transmission apparatus as defined in claim
1 wherein said tooth elements of each of said rows of
said face gear comprise semi-spherical sockets, and said
tooth elements of said second gear comprise semi-
spherical projections engagable with said sockets.
3. A power transmission apparatus as defined in claim
2 comprising circular grooves in said face gear concen-
tric with respective ones of said rows of sockets, said
sockets opening radially outwardly into said grooves.
4. A power transmission apparatus as defined in claim
1 wherein said face gear is operatively connected to said
power input member and said second gear is opera-
tively connected to said power output member.
5. A power transmission apparatus as defined in claim
1 wherein said face gear is operatively connected to said
power output gear and said second gear is operatively
connected to said power input member.
6. A power transmission apparatus as defined in claim
1 wherein said means for moving said face gear endwise
comprises a bearing member rotatably supporting said
face gear,
a stationary member,
means on said bearing member forming a screw-
threaded connection with said stationary member,
the axis of said screw-threaded connection extending
concentrically of the axis of said face gear,
said bearing member being rotatable whereby to
cause said threaded connection to move said bear-
ing axially into and out of mesh with said second
gear.
7. A power transmission apparatus as defined in claim
6 wherein said stationary member comprises a housing
for said gears,
said bearing member extending through the wall of
said housing and being rotatable from the exterior
of said housing.
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8. A power transmission apparatus as defined in claim
1 comprising

a housing for said gears,

said means for moving said second gear comprising a

shaft,

bearings in certain of the walls of said housing sup-

porting said shaft for rotation and for axial move-
ment, and

a knob on said shaft exteriorially of said housing for

moving said shaft.

9. A power transmission apparatus as defined in claim
8 comprising ’

means on said shaft for indicating the position of said

second gear relative to said face gear.

10. A power transmission apparatus as defined in
claim 9 comprising yieldable detent means for detenting
said second gear in alignment with any of said circular
rows of elements on said face gear.

11. A power transmission apparatus as defined in
claim 1 wherein said means for operatively connecting
said second gear to the other of said members comprises
a second face gear,

means supporting said second face gear for rotation

about an axis,

said second face gear having a plurality of circular

rows of tooth elements extending concentrically
about said axis thereof,

the circular pitch of said tooth elements of said sec-

ond face gear being the same,

a third gear having a circumferential row of tooth

elements,

means rotatably conmecting said third gear to said

second gear,

the circular pitch of said tooth elements of said third

gear being the same as the circular pitch of said
tooth elements of said second face gear,

means for moving said third gear endwise to align

with any of said circular rows of tooth elements of
said second face gear, and

means for moving said second face gear endwise to

mesh an aligned row of said tooth elements thereof
with said tooth elements of said third gear.

12. A power transmission apparatus as defined in
claim 11 wherein said first mentioned face gear and said
second face gear are coaxial.

13. A power transmission apparatus comprising

a power input member,

a power output member,

a shaft,

a pair of spaced coaxially aligned face gears on said

shaft,

means supporting said shaft for rotation and axial

movement,

means rotatably connecting said shaft to one of said

.power members,

said gears having circular rows of spaced semi-spheri-

cal sockets therein,

a third gear having a circumferential row of spaced

semi-spherical projections therearound,

means rotatably connecting said third gear to the

other of said power members,

the circular pitch of said projections being the same

as the circular pitch of said sockets, and

means for moving said shaft axially into one position

wherein said projections of said third gear mesh
with said sockets of one of said face gears and for
moving said shaft axially into a second position
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wherein the projections of said third gear mesh
with sockets of the other of said face gears.

14. A power transmission apparatus as defined in

claim 13 wherein said moving means is effective to

move said shaft into a third position wherein said pro- 5

jections of said third gear are out of mesh with the
sockets of both of said face gears.

15. A power transmission comprising a first rotatable
gear having spaced semi-spherical elements thereon and

a second rotatable gear having spaced tooth sockets of 10
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semi-circular cross-section in at least one direction
therein positioned for meshing relation with said tooth
elements,
one of the gears being a face gear,
means supporting said face gear for rotation about a
first axis, and
means supporting the other of said gears for rotation

about a second axis at right angles to said first axis.
* % % * »



