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INFINITELY VARIABLE TRANSMISSION WITH
LUBRICATING WICK MEANS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

CROSS REFERENCE TO RELATED
APPLICATION

This application is broadly similar to U.S. application
Ser. No. 102,393 now U.S. Pat. No. 3,698,255 [filed on
Dec. 29, 1970] issued Oct. 17, 1972 for “Motion Trans-
mitting Mechanism.”

BACKGROUND OF THE INVENTION

This invention relates to a speed changing, motion
transmitting mechanism, and more particularly to a
mechanism of the friction drive type which includes a
pair of mutually inclined discs as the driving and driven
elements between an input shaft and an output shaft.

The prior art discloses friction transmission devices
which incorporate driving and driven discs, in some
cases with intermediate spherical members. An example
of such a construction is disclosed in U.S. Pat. No.
2,209,254 issued to Y. A. Ahnger on July 23, 1940 for
“Friction Transmission Device.” In the mechanism
shown and described in that patent, the driving and
driven discs may be characterized as being mounted on
skewed shafts or shafts which include intermediate gear
trains to return them to parallel alignment. The present
invention includes improvements relative to the cage
structure for the intermediate drive member and the
means for mounting the driving and driven discs.

U.S. Pat. No. 2,512,717 issued to R. H. Dicke on June
27, 1950 for “Power Transmission” also discloses a
system for transmitting power from one disc to another
disc through a spherical intermediate ball. The input
and output shafts for mounting the discs are skewed one
relative to the other. The present invention represents a
substantial improvement relative to that arrangement,
particularly with respect to the disc and shaft mounting
construction.

Another disc-type power transmission is disclosed in
U.S. Pat. No. 1,803,834, issued to M. F. Bates on May §,
1931 for “Power Transmission.” This patent, like the
other prior art patents referred to above, does not teach
the improvements involved in the present invention
with respect to the disc and shaft mounting arrange-
ment and the lubricating wick.

SUMMARY OF THE INVENTION

The present invention will thus be seen to provide an
improved slip-free frictional disc drive wherein a mo-
tion and torque transmitting intermediate ball is rotat-
ably wedged between two angled discs in such manner
as to prevent back rotation or slippage of the intermedi-
ate ball. The invention provides many improvements,
particularly with respect to insuring great rigidity in the
bearing structure for the discs, by providing appropri-
ate thrust and radial bearing support therefor, and by
providing constant angular velocity drive means be-
tween the input shaft and the input disc and between the
output disc and the output shaft, respectively. An addi-
tional improvement of the present invention over the
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prior art is that of a lubricating system in which a wick-
type lubricating member is supported along with the
intermediate ball by the ball guide cage and is main-
tained in continuous wiping engagement with the ball, -
The improved support structure for the two discs per-
mits maintaining both the associated input and output
shafts in parallel relationship.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in the accompany-
ing specification and illustrated in the accompanying
drawings in which like numerals are used to refer to like
parts in the several views presented, and wherein:

FIG. 11is a side elevational view of a motion transmit-
ting mechanism incorporating the present invention,
with portions broken away to show the internal con-
struction;

FIG. 2 is a cross-sectional view partly along the line
2—2 of FIG. 1;

FIG. 3 is a sectional view taken along the section line
3—3 of FIG. 1;

FIG. 4 is an end elevational view of one of the discs
in the transmission;

FIG. 5 is a view along the section line 5—5 of FIG.
4

FIG. 6 is a view at an enlarged scale of a portion of
FIG. §; and ‘

FIG. 7 is a view similar to FIG. 2 and showing a
modification of the structure thereof.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

With reference to FIGS. 1-2 of the drawing, an ex-
ample of motion transmitting mechanism according to
the present invention is illustrated mounted in a housing
10 provided with an integral base 12, and enclosed at
both ends by end plates 14 and 15. The end plates 14 and
15 are fastened to the ends of the housing 10 by any
convenient means such as bolts 17. The end plate 15
supports a rotatable disc 16 and the end plate 14 sup-
ports a rotatable disc 18, the plane of the face of the disc
16 being at an angle to the plane of the face of the disc
18 and the axes of rotation of the discs being laterally
offset. Projecting from the side of the housing between
the two spaced and angled discs 16 and 18, there is a
pair of vertically spaced parallel support rods 20 and 22
for a cage 24. The support rod 20 journals in an appro-
priate transverse bore 21 through the wall of the hous-
ing 10, and is held against longitudinal motion by means
of end thrust bearings 21a and 21b. The portion of the
rod 20 projecting within the housing 10 is provided
with a peripheral thread 23 engaged in a similarly
threaded bore 23a in the upper side of the cage 24. The
rod 22 is fixedly mounted on the housing 10, and
projects through a bore 22a in the lower side of the cage
24. The cage 24 is thus supported by the rods 20 and 22
between the two discs 16 and 18, and is displaceable
laterally in one direction or the other, when the rod 20
is rotated in one direction or the other.

The cage 24 is in the form of a generally open rectan-
gular frame supporting a pair of freely rotatable cylin-
drical rollers 26a and 26b, each of which is rotatably
mounted on one of a pair of spaced vertical sides 27a
and 27b of the cage 24. An intermediate drive member,
or ball, 28 is disposed between the rollers 26a and 26b
for free rotative support and linear guidance thereby in
wedging engagement with the opposed and angled
faces of the discs 16 and 18. When the cage 24 is linearly
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displaced leftwardly or rightwardly as seen in FIG. 1,
as a result of rotating the threaded rod member 20 in
one direction or the other, the cage 24 carries along the
ball 28 about a radius of each of both discs 16 and 18,
and thus causes a variation in the ratio of the rotational
velocity of the driven disc relative to the driving disc.
The velocity ratio varies as a function of the relative
distances from the center of each disc of the points of
contact of the ball 28 with the surface of each disc. For
example, if disc 16 is the input or driving disc and disc
18 is the output or driven disc, as the cage 24 control-
ling the radial position of the ball is moved rightwardly,
as seen in FIG. 1, and therefore closer to the center of
the driven disc 18, an increase in the RPM of the output
shaft 46 connected to the disc 18 will result, even
though the RPM of the input shaft 34 remains constant.
For example, the intermediate drive member, or ball, 28
may be placed at a point which is equally distant from
the centers of the discs 16 and 18. The driven disc 18
and its associated output shaft 46 thus rotate at exactly
the same speed as the driving disc 16 and its associated
input shaft 34. As the intermediate drive member, or
ball, 28 is displaced by the cage 24 nearer the periphery
of the driving disc 16 and nearer the center of the driven
disc 18, the RPM of the output shaft 46 is gradually
increased. It will be appreciated that the peripheral
surface of the roller 26a or 26b engages the peripheral
surface of the ball 28 only when the ball is urged lin-
early in one direction or the other along the faces of the
discs as a result of the cage 24 being controllably dis-
placed for the purpose of varying the drive ratio be-
tween the discs.

Also shown in FIGS. 1-2 is the arrangement used to
provide a uniform lubrication film about the periphery
of the intermediate drive member, or ball, 28, which
comprises a fluid absorbent member or wick 30 in en-
gagement with the surface of the ball 28 which is sup-
ported on the cage 24 and which has a downwardly
depending end 32 dipped in the lubricating oil 33 con-
tained in the housing 10. As best seen in FIG. 3, the
wick 30 is cut-out at 30a and slit at 30b to fit over the
sides 27a and 27b of the cage 24.

As best shown at FIG. 2, the input or driving disc 16
is mounted on the end of the input shaft 34 and sup-
ported with its face in a predetermined angular relation-
ship relative to the surface of the driven disc 18 and is
connected to the shaft 34 through the intermediary of
an constant angular velocity coupling 38.

The input shaft 34 journals through the end plate 15
by being supported by a ball bearing 42, the outer race
42a whereof is press-fitted in the shouldered recess 43 in
the end plate 15. The inner face 42b of the ball bearing
42 engages the periphery of an enlarged portion 35 of
the shaft 34, and a retainer ring or nut 36, threadedly
engaging the threaded peripheral surface portion 35a of
the shaft, engages the annular end surface of the inner
race 42b of the ball bearing so as to exert a leftwardly
directed pull on the shaft 34 to preload the ball bearing
42 and a thrust ball bearing 44 rotatably supporting the
disc 16 from the end plate. The ball bearing 44 is re-
tained within a recess formed in the inner surface of the
end plate 15 and includes an outer raceway 44a fitted in
that recess and fitted over a reduced diameter portion
44c in the rear face of the disc 16.

The output or driven disc 18 is supported in a similar
manner from the inner face of the end plate 14 by way
of a thrust ball bearing 50. A ball bearing 51 supports
the output shaft 46 journaled through the end plate 14,
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and the ball bearing 51 is retained and preloaded, to-
gether wih the thrust bearing 50, by means of the
threaded retainer nut 53. The output shaft 46 and the
disc 18 are interconnected by way of an angular con-
stant velocity coupling 38 identical in structure to the
coupling 38 interconnecting the input shaft 34 and disc
16.

As will be seen in FIG. 2, the planes of the opposed
faces of the discs 16 and 18 are at an acute angle L,
which preferably lies within the range of greater than
zero and less than 30°. The importance of this angular
relationship with regard to transmitting a slip-free mo-
tion from one disc to the other through the ball 28 as a
result of rotatably wedging the ball 28 between the disc
faces is set forth and explained in detail in the aforemen-
tioned application Ser. No. 102,393 [of] e which the
present application is [a continuation-in-part applica-
tion] broadly similar. The ball 28, being in a free rolling
contact with the disc faces, may be radially displaced
along the trough formed between the faces of the two
discs 16 as a result of the controlled linear displacement
of the cage 24, as previously mentioned, to provide the
changes of the relative speed between the input shaft 34
and the output shaft 46 in such manner as to provide an
infinitely variable drive ratio. The preload exerted on
all the bearing supports of the rotational parts of the
transmission assembly of the invention by means of the
adjustable bearing retainers 36 and 53 eliminates play
and backlash and takes up any elastic deformation of the
discs and other components by pre-stressing such com-
ponents, thus resulting in a rigid structure eliminating
vibrations and erratic slippage and “digging”’ of the ball
28 relative to the faces of the discs 16 and 18.

The constant angular velocity couplings 38 connect-
ing respectively the input shaft 34 to the disc 16 and the
disc 18 to the output shaft 46 are a particularly impor-
tant aspect of the present invention which permit the
input shaft 34 and the output shaft 46 to have their axes
of rotation parallel and in a single plane while permit-
ting the angled discs 16 and 18 to have their opposed
faces inclined one relative to the other and the axis of
rotation of each disc to be at an angle relative to the axis
of rotation of the shaft connected thereto. The constant
angular velocity couplings 38 further permit the shafts
34 and 46 to be independently supported in the housing
end plates 15 and 14, respectively, and the discs to be
independently supported by the thrust bearings 44 and
50, respectively, while being able to transmit the pre-
load force resulting from the axial pull exerted on the
shafts 34 and 46, respectively, by the bearing retainers
36 and 53.

As shown at FIGS. 2, 4 and 5, the constant angular
velocity coupling 38 between the input shaft 34 and disc
16, which is identical to the coupling 38 between the
output disc 18 and shaft 46, is formed at the enlarged
end portion 60 of the shaft 34, and comprises a plurality
of socket-like spherical pockets 62 each adapted to re-
ceive a ball 56. The rear face of the disc 16 is provided
with a cupped recessed portion 64, having in its wall a
plurality of conforming socket-like pockets 66, each
adapted to accept one of the balls 56. The torque trans-
mitted from the shaft 34 to the disc 16 is thus transmit-
ted through the intermediary of a plurality of balls 56
engaging respectively the spherical socket-like pockets
62 on the end of the shaft and the socket-like pocket 64
in the wall of the cupped portion of the disc.

As shown in particular detail at FIG. 6, both the
socket-like spherical pockets 62 on the end of the shaft
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and the socket-like pockets 64 in the wall of the lipped
portion of the disc have a short, straight, cylindrical,
concave portion, shown at 66 and 68 respectively, the
axis of which is inclined, in the example shown, at about
20° relatively to the axes of symmetry of the shaft and of
the disc. This angle of 20° corresponds substantially to
half of the angle between the axes of rotation of the disc
16 and of the shaft 34 when in normal operation as
shown in FIG. 2. The straight cylindrical portion 66 of
the socket-like pocket 62 on the end of the shaft and the
straight cylindrical portion 68 of the socket-like pocket
64 on the disc are formed between the spherical socket-
like pocket 64 and a short spherical socket-like pocket
70, and between the spherical socket-like pocket 64 and
a short spherical socket-like pocket 72 formed respec-
tively on the end of the shaft and on the wall surface of
the cup-like recess 64 in the disc rear face. Each of the
balls 56 travels trapped [on] between the socket-like
pocket surfaces during a complete revolution of the
angle coupling 38, and the balls generally occupy a
self-established neutral position.

The angle coupling is assembled by placing the disc
16 on a horizontal plane, with the undercut cupped
portion 64 directed upwardly, disposing the balls in the
socket-like pockets and introducing the end 60 of the
shaft into the cupped portion 64 in the disc. The whole
assembly is then reversed vertically so that the disc is on
the top and the shaft is on the bottom and pulled away
from each other as far as they will go. The balls 56 then
wedge between the socket-like pockets in both the shaft
and the wall of the cupped recess in the disc and remain
trapped therebetween. The preload force on the discs
and associated shafts resulting from the adjustment of
the bearing retainers 36 and 53 holds the diverse ele-
ments in position, and that preload results in a pull ex-
erted respectively on the shafts 34 and 36 and is trans-
mitted through the intermediary of the balls 56 in the
couplings 38 to the discs 16 and 18 respectively.

FIG. 7 represents a torque transmitting mechanism in
all respects identical to that illustrated at FIGS. 1-2,
except that the thrust bearing means supporting the disc
16 from the end plate 15 and the disc 18 from the end
plate 14 is substantially simplified as a result of forming
a skewed integral raceway in the end plate, or, alter-
nately and as shown, by providing an annular raceway
insert 82 mounted on each of the end plates by way of
bolts 84. The rear face of the disc 16 or 18 is provided
with a shouldered reduced diameter portion 86 which
defines the raceway depending from the disc, and a
plurality of balls 88 are disposed between the two race-
ways 82 and 86. It is to be noted that the engagement of
the balls 88 with each of the respective raceways is
effected as a line contact along two circles, which have
been found to be a very effective and simple way of
obtaining a reliable thrust bearing.

Having thus described the invention by way of exam-
ples of specific embodiments thereof, what is claimed as
new and sought to be protected by U.S. Lettes Patent is
as follows:

1. A motion transmitting mechanism comprising a
pair of shafts, a pair of parallel discs mounted spaced
from each other with their faces mutually angularly
inclined, the axes of rotation of said discs being offset by
a predetermined distance, thrust bearing means support-
ing said discs, a ball in engagement with the [surface}
Jace of each of said discs, and guiding means for said ball
comprising a pair of spaced parallel rod members for

6
linearly displacing said guiding means radially rela-
tively to the faces of said discs to vary the speed at
which one disc drives the other, [said guiding means
for said ball comprising a wick in contact with the pe-
ripheral surface of said ball,} and constant angular
velocity coupling means connecting each of said shafts
to a different one of said discs, wherein said constant
angular velocity coupling means comprises a recessed
cupped portion on each disc, a plurality of socket-like

10 peripheral pockets formed at the end of each shaft

20

25

35

40

45

35

65

Lend], a like plurality of socket-like pockets formed in
the opposed surface of the cupped portion of the disc,
and a ball disposed in each [of said pairs] pair of
opposed pockets.

2. The mechanism of claim 1 wherein each of said
shafts and the disc connected thereto are supported by
separate bearing means, the bearing means supporting
said disc are of the thrust bearing type disposed substan-
tially at the periphery of each disc, and means are pro-
vided for placing a load on said bearings supporting said
disc in a direction substantially parallel to the force
exerted by said ball on said discs when in driving en-
gagement therewith.

3. A motion transmitting mechanism comprising a
driving disc and a driven disc, each having its forward
face spaced [one] from the other and inclined at a
relatively small angle relative to the other, a pair of
parallel offset shafts, each coupled to one of said discs,
an intermediate ball retained between the faces of said
discs and in tangential contact therewith, cage means
for displacing said ball along a linear path between the
faces of the driving and driven discs for causing a varia-
tion in the speed of the driven disc relative to the driv-
ing disc, thrust bearing support means rotationally sup-
porting each of said discs about the periphery thereof
for maintaining said discs against axial displacement
away from each other as a result of the pressure exerted
thereon by said ball while in driving engagement with
the faces of said discs, means for exerting a predeter-
mined preload on said discs in a direction parallel to said
pressure exerted by said ball, and constant angular ve-
locity coupling means connecting each of said shafts to
one of said discs, and coupling means comprising an end
portion of said shaft having a plurality of ball retaining
recesses formed therein projecting in a cupped recess
about the axis of rotation of said disc on the rear face
thereof, a plurality of ball retaining recesses in the wall
surface of said cupped recess [each of said ball retain-
ing recesses comprising successively a spherical con-
cave portion, a tangential cylindrical portion and a
spherical concave portion,] and a ball disposed partly
in peripheral engagement with the surface of corre-
sponding ball retaining recesses.

4. The mechanism of claim 3 wherein said intermedi-
ate ball is disposed in a cage, said cage being supported
and guided for linear displacement between said discs
by means of a pair of parallel support and guiding rods.

5. The mechanism of claim 4 wherein a pair of roller
elements are mounted on said cage for supporting said
intermediate ball therebetween.

6. The mechanism of claim 5§ wherein a wick is
mounted on said cage, said wick having one end in
contact with the surface of said intermediate ball and
another end dipping in a source of lubricant for continu-
ously wetting the surface of said intermediate ball with

a film of said lubricant.
* L] * * *
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