«» UK Patent Application «GB 2 339 863 A

(43) Date of A Publication 09.02.2000

{21) Application No 9815952.8

(22) Date of Filing 23.07.1998

(71) Applicant(s)
Peter James Milner
100D Leicester Road, HINCKLEY, Leics, LE10 1LD,
United Kingdom

{72) Inventor(s)
Peter James Milner

{74) Agent and/or Address for Service
KR Bryer & Co
7 Gay Street, BATH, BA1 2PH, United Kingdom

{51) INTCL’
F16H 15/50

(52) UKCL (Edition R}
F2D DEJ DESS DE61 DE62

(56) Documents Cited
GB 2130314 A GB 2119041 A
GB 1600646 A GB 1342535 A
{68) Field of Search
UK CL (Edition P) F2D DEJ
INT CL® F16H 15/50

GB 2103313 A
GB 0702761 A

(54) Abstract Title
A continuously-variable transmission device

(57) A continuously variable transmission device has planetary members (25) in rolling contact with radially
inner and outer races (23, 26) each comprising two axially spaced parts (23a, 23b, 263, 26b), and controi means
(30, 31, 32) for selectively varying the axial separation of the two parts (26a, 26b) of one race and therefore the
radial position of the planetary members (25) in rolling contact with them. Means sensitive to the torque applied
to a drive transmitting member (11) of the transmission acts to determine the compensating variation in the two
parts (23a, 23b) of the other race (23) and consequently the transmission ratio of the device, and also varies the
forces exchanged between the planets (25) and the races (23, 26) normal to the interface between them. The
planetary members are preferably balls (25) and forces are transmitted from the balls to the drive transmission

members (19, 22) via roller follower members {15).
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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A CONTINUOUSLY VARIABLE TRANSMISSION DEVICE

The present invention relates generally to a continuously
variable transmission device, and particularly to such a
device 1in which forces are transmitted by rolling

traction.

One known type of continuously variable transmission,
which has been put into commercial use in the drive train
of a motor vehicle comprises a transmission belt of
trapezoidal section passing around two split pulleys the
opposite halves of which have facing inclined conical
surfaces and are urged towards one another such that the
effective transmission ratio between one pulley and the
next is determined by the relative separation of the two
parts of the pulleys. On being moved apart, the two
parts of a pulley allow the belt to contact the conical
faces at a radially inner position thereby changing the

transmission ratio.

In this case the resilient forces exerted on the two
parts of the other pulley cause them to move together to
compensate for the reduction in tension in the belt
thereby increasing the radius of the contact between the
belt and the pulleys. Such transmission devices are,
however, relatively large as they comprise two
substantially spaced shafts, and moreover are not capable

of rapid ratio change. They also tend to have low
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efficiency under part load operation. Versions having
rubber belts can also be subject to large amounts of wear
largely because of the sliding friction which takes place
between the belt and the pulleys as the gear "ratios" are
changed. It does have the advantage over conventional
gear boxes of providing a continuous or stepless
variation in drive transmission from a minimum to a
maximum drive ratio. It is not, however, capable of
providing a reverse ratio without further structural

complications.

Other forms of continuously variable transmission are
known. The present invention seeks to provide a
continuously variable transmission in which the forces
are transmitted between the members in motion by rolling
contact. This minimises the amount of wear to which the
members are subject upon changing the transmission ratio,
and allows a continuously variable transmission to be
made which is easy to control, requires low maintenance

and offers a durable mechanism with a long service life.

According to one aspect of the present invention,
therefore, there is provided a continuously variable
transmission device of the type having planet members in
rolling contact with radially inner and outer races each
comprising two axially spaced parts, with control means
for selectively varying the axial separation of the two

parts of one race and thus the radial position of the
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planet members in rolling contact therewith, in which
there are provided means sensitive to the torque applied
to a drive-transmitting member of the transmission
operable both to determine the compensating variation in
the separation of the two parts of the other race and
thus the transmission ratio of the device and to vary the
forces exchanged between the planets and the races normal

to the interface between them.

In a preferred embodiment of the invention the planet
members are substantially spherical bodies. They may be
right circular, oblate or prolate spheroids.
Alternatively, the planet members may have respective
first and second surface portions comprising surfaces of
revolution about the same axis (for each member) the
surface portions being inclined with respect to omne
another in opposite directions about the axes of
revolution. The planet members may have a convex or
concave surface of revolution defined by a curved
generatrix which may be a regular or irregular curve or
a part-circular curve. In the case of a part-circular
generatrix this may be a semi-circle, in which case the

surface of revolution of the planet member is spherical.

In such a structure the inner and outer races preferably
comprises two parts, one in contact with each of the
first and second portions respectively, and each having

a respective surface constituted by a surface of
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revolution about a common axis and inclined in opposite
directions with respect to the said axis. The two parts
of one of the inner or outer races may be supported in
such a way as to be relatively displaceable towards or
away from one another whereby to vary the radius of the
line of contact between the said one race and the planet

members.

Embodiments of the invention may be provided with torque-
sensitive mechanical coupling means interposed between an
input drive member and one of the races whereby to
balance the torque transmission and the contact pressures
between the two parts of that race and the planet

members.

In practice, it is preferred that the planet members are
substantially spherical and captive between the radially
inner races and the radially outer races, there being
roller follower members circumferentially intercalated
between adjacent pairs of planet members for transmitting
drive to or from the said planet members. In such an
arrangement it is particularly convenient if the roller
follower members are carried on a planet carrier member
to which drive to or from the planet members is

transmitted in operation of the device.

In general terms, the present invention provides a drive
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transmission device as defined above, in which the axes
of rotation of the planet members about their own axis
are substantially parallel to the axis of rotation of the
planets about the radially inner race. In such a drive
transmission device it is a particular feature that the
axis of rotation of the radially inner race 1is
substantially parallel to the axis of the means defining
the radially outer race defining the planetary path of

the planet members.

In any event it 1s convenient if the means for
selectively varying the axial separation of the two parts
of the radially inner race or the means defining the
radially outer race include two adjustment members
interconnected by a helical interengagement such that
relative turning motion of one of the adjustment members
results in relative axial displacement of the other. 1In
such a device the helical interengagement of the two
adjustment members comprises a screw threaded engagement
of the members themselves, the said one of the two
adjustment members being turnable through at least a
limited arc of movement about a first axis and the said
other of the adjustment members being restrained against
rotary motion at least about an axis substantially
parallel to the said first axis. The helix angle may be
constant over the entire length of the helix although for
certain applications it may be found to be useful if the

helix angle of the said helical interengagement varies
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over the circumferential extent of the helix.

In general, it is convenient if the said other of the two
adjustment members is or is carried by or on the said
means defining the radially outef track. The two parts
of the radially inner race may be carried on a drive or
driver shaft, and the means for allowing relative
separation of the two parts of the radially inner race
comprise at least one inclined surface acting to react
the forces exerted by the transmission of drive forces
between the radially inner race and the planet members.
The said inclined surface may be part of a helical
interengagement between the parts of the radially inner
race and the drive shaft. The helix angle may be

constant or may vary over the length of the helix.

Whether the helix is constant or varying its form and
helix angle should preferably be such that the
circumferential component of the axial force reacted by
the helix is substantially equal to and opposite in sign
from the direct circumferential force reacted by the
helix such that the force required to be applied to the
said selective adjustment means to maintain or change a

transmission ratio is minimised.

The present invention also comprehends an infinitely
variable transmission device comprising a continuously

variable transmission as defined above together with a



10

15

20

25

7
further epicyclic transmission train of fixed ratio gears
or rolling traction members the dimensions of which are
such that the effective radius of contact between the
gears about the axes of the input shaft lies at a radius
between the maximum and minimum radius of the line of
contact between the radially inner race and the planets
at opposite ends of the range of adjustment of the

continuously variable transmission.

In such an embodiment when the radius of the line of
contact between the planet members and the radially inner
race of the continuously variable transmission is equal
to the contact radius between the radially inner race and
the planets of the epicyclic drive train of fixed ratio
gears there is no effective transmission of torque and
the torque transmission is delivered in one rotary
direction or the other depending on whether the
adjustment of the continuously variable transmission
moves the line of contact between the planet members and
the radially inner race to a point greater than or less
than the radius of contact of the fixed ratio epicyclic
gear train. This makes it possible to provide both

forward and reverse transmission ratios.

In another aspect the present invention provides a
rolling contact continuously variable transmission device
of the type having planetary members in rolling contact

with radially inner and outer races each comprising two
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relatively axially displaceable race parts, in which the
planetary members are substantially spherical and the
transmission forces to or from the spherical planetary
members in planetary motion is effected wvia roller

follower members.

In a practical embodiment the roller follower members are
each interposed between respective pairs of adjacent
planetary members and carried on a planet carrier member
through which drive to or from the planet members is

transmitted in operation of the device.

The rolling contact continuously variable transmission
device of the invention may be considered, in one aspect,
as a variable geometry four point contact rolling element
bearing in which power transfer takes place between two
or three principal bearing elements comprising a radially
inner race, a radially outer race and a planet carrier or
cage; a fourth bearing element being provided, usually

fixed, for torque reaction.

In a transmission device formed as an embodiment of the
invention the axial separation of the race which
compensates for adjustment of the other is therefore
determined in essence by the forces applied to the said
other race elements. Such a continuously variable
transmission may be combined with an epicyclic gear train

to provide an infinitely variable transmission which has
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a transmission ratio varying from a negative value or nil
to a maximum value determined by the dimensions of the
device. It is also possible so to chose the relative
shapes of the contacting surfaces of the races and the
rolling elements that a so-called "geared" neutral
position can be achieved in which no transmission of
motion takes place despite the rotation of the drive
member. Such a configuration also, therefore, allows the
rolling elements to be in such neutral position at an
intermediate point in their overall range of movement
(which movement is determined by the controlled
separation of that pair of the race members to which
input control forces are applied) thereby allowing
relative rotation of the input and output drive members
in the same or in opposite directions depending on the
adjustment of the transmission. This effectively results
in the provision of forward and reverse drive ratios on

either side of a neutral ratio.

Although such transmissions can be controlled in such a
way that infinitely variable transmission ratio control
can be effected, such control 1is unfamiliar to the
majority of users in view of the almost universal use of
stepped or incremental drive transmission ratios
available from gearboxes used for effecting such ratio
changes. Embodiments of the present invention can be
made in which incremental control of the gear ratios is

achieved by various means whereby to simulate a stepped
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gearbox. In one embodiment a control mechanism by which
the separation of the two controlling raceways is
determined has an incremental adjustment device or
indexing mechanism allowing it to be displaced between
several discrete predetermined positions. Alternatively,
the contacting surface of some of the raceways may be
shaped such that the forces exerted on the rolling
elements tend to drive them to one of a limited number of

predetermined positions.

Although a "geared" neutral has many advantages in a
transmission device such as that defined herein
inevitable tolerances may result in their being a certain
amount of "creep" 1in either direction when the
transmission device 1s set in its neutral position. To
combat this it may be advantageous to provide means by
which a "disconnected" neutral ratio may be achieved in
which there is a positive break in the transmission chain
allowing certainty in the selection of a neutral gear

that no drive transmission will take place.

A disconnected neutral may be achieved in one aspect of
the present invention by the addition of a relatively
rotatably member or corresponding members, to either the
radially inner or radially outer raceway contactable by
the rolling elements over a certain part of the range of
movement thereof in adjustment of the drive transmission.

When the rolling elements are in contact with such
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relatively rotatable members the effective decoupling of
the rolling elements from the raceways ensures that
drive transmission does not take ©place in this

adjustment.

A disconnected neutral may also be achieved by mounting
one of the parts of the raceway in such a way that it can
be withdrawn from its working position by a distance such
as to release the pressure on the rolling elements
regardless of the adjustment of the transmission device
at the time. This allows, in effect, a "declutching"
action to be achieved with the transmission device set in

any gear ratio.

A similar arrangement may be provided for a so-called
"launch" control that is for progressive engagement of
the transmission device from neutral to a drive gear
ratio, and this can be achieved effectively by providing
a range of motion of a ratio control member between the
geared neutral position and a first detent or stop
defining a lowermost gear ratio.
Various embodiments of the present invention will now be
more particularly described, by way of example, with
reference to the accompanying drawings, in which:

Figure 1 is a schematic axial section of the major
component of a rolling contact continuously variable
transmission device useful for explaining the principle

of operation of the device;
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Figure 2 1is a schematic axial view of the
transmission device seen from the direction of the arrow
A of Figure 1;

Figures 3 and 4 are schematic axial sections similar
to Figure 1 and respectively showing the transmission
device in this configuration for the highest transmission
ratio and that for the lowest transmission ratio;

Figure 5 is an axial sectional view of a
continuously variable rolling contact transmission device
formed as a first embodiment of the present invention;

Figure 6 is a schematic axial sectional view showing
a rolling contact continuously variable transmission
device incorporated in an infinitely variable
transmission device;

Figure 7 is an axial sectional view of a further
embodiment of the invention suitable for use as a bicycle
hub gear transmission;

Figures 8,9 and 10 are schematic partial axial
sectional views of various different raceway
configurations useful for various specific applications;
and

Figures 11 and 12 are schematic axial sectional
views of alternative embodiments having different

planetary members.

Referring now to Figures 1 to 4, the continuously
variable transmission mechanism of the invention is

formed as a variable radius epicyclic mechanism having
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rolling traction torque transfer with the advantage that
the shaft bearings and housing are not subject to large
forces and the moving parts can be based on traditional
roller and ball bearing technology. It also has the
advantages that it includes a purely mechanical preload
and torque sensing system and that it can be splash or
grease lubricated by a known traction fluid lubricant
without requiring special 1lubricating techniques. As
will be appreciated from the more detailed description
which follows, the control of the transmission ratio can

be effected by a simple mechanical device.

The variable radius epicyclical transmission device in
Figures 1 to 4, sometimes referred to as a variator,
comprises a housing (not shown for simplicity) within
which is mounted an input shaft 11 bearing rolling
element bearings 12, 13 within a planet cage 14 carrying
three planet follower members 15. The planet follower
members 15 are rotatably borne on the planet cage 14 by

planet follower shafts 16.

The planet cage 14 1is effectively constituted by two
radial plates 14a, 14b joined together by shouldered
studs 16 forming the said planet follower shafts and
secured by nuts 20, 21 at each end to form a cage. An
axial cylindrical extension 22 of the radial plate 14b of
the planet carrier 14 constitutes the output shaft of the

transmission mechanism.
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On the input shaft 11 is carried a radially inner race 23
constituting a sun member comprising two parts 23a, 23b
which are engaged to the shaft 11 by means of a coupling
comprising a helical interengagement in the form of a
screw threaded engagement. The two race parts 23a and
23b have oppositely handed threads so that, for reasons
which will be descried in more detail below, a relative
rotation of the input shaft 11 and the inner race parts
23a, 23b in one directional sense will cause the two
parts to be displaced towards one another whereas axial
separation of the two parts 23a, 23b of the inner raceway
occurs where there is relative rotation between them and

the input shaft 11 in the opposite directional sense.

Three spherical planetary members 25 are engaged between
the inner raceway 23 and an outer raceway 26 also
comprising two axially separated annular raceway members
26a, 26b. Rolling tracks of the raceway members 23a, 23b
and 26a, 26b, respectively identified 27a, 27b and 28a,
28b each comprise, in cross-section, a part-circular
arcuate surface the radius of which is slightly greater

than the radius of the spherical planetary members 25.

The outer raceway members 26a, 26b are engaged by an
axial adjustment mechanism generally indicated 29 and
schematically shown in Figure 1 as a lever 30 pivotally
mounted on a reaction member 31 such that turning the

lever in one direction or the other about a pivot 32 by
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which it is connected to the reaction member 31, and as
shown by the double arrow B of Figure 1, causes the two
raceway parts 26a, 26b to be urged axially towards one
another or allowed to separate axially from one another.
The raceway 26 is provided with means for preventing its
rotation about the axis X-X which is the common axis of
rotation of the input shaft 11, the inner and outer
raceways 23, 26, the output shaft 22 and the spherical

planetary members 25.

In operation of the transmission rotation of the shaft 11
is transmitted to the inner raceway 23 rotation of which
causes rotation of the balls 25 by rolling contact
therewith, the balls 25 rolling over the stationary
raceway 26. Rotation of the balls 25 is transmitted via
the roller followers 15 to the roller cage 14 and thus to
the output shaft 22. By displacing the lever 30 in one
direction or the other the two parts 26a, 26b of the
outer raceway can be urged towards one another or allowed
to move axially away from one another. Axial approach of
the two outer raceway members 26a, 26b applies pressure
to the planetary balls 25 causing them to move radially
inwardly of the transmission device urging the two inner
raceway parts 23a, 23b apart. The helical interengagement
between the radially inner raceway parts 23a, 23b and the
input shaft 11 acts in effect as a torque-sensitive
mechanism in that the helical interengagement is such

that rotation of the shaft 11 in the intended direction
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of drive causes the raceway parts 23a, 23b to approach
one another axially when resisted by drag so that any
play in the rolling contact between the raceways and the
planetary balls 25 is taken up and compensated by the
tendency of the raceway parts 23a, 23b to approach one
another until the forces exerted on the helical
interengagement between the raceway parts 23a, 23b and
the drive shaft 11 matches the reaction forces between
the raceway parts 23a, 23b and the planetary balls 25, at
which point no further relative axial displacement of the
raceway parts 23a, 23b takes place and drive transmission
takes place at a transmission ratio determined by the

radial position of the balls 25 when this occurs.

In the configuration illustrated in Figure 4 it will be
seen that the radius of rolling contact between the balls
25 and the inner raceway 23 is relatively large and the
radius of contact between the balls 25 and the outer
raceway 26 1is relatively small. In this configuration
the transmission ratio between the input shaft 11 and
output shaft 22 is at its lowest. By allowing the lever
30 to move in the opposite direction, however, the
raceway parts 26a, 26b are allowed to move apart sé that
the balls 25 can move radially outwardly compensated by

axial approach of the inner raceway parts 23a, 23b.

The difference between the curvature of the curved

surfaces 26a, 26b, 27a, 27b of the raceways 23, 26 and
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the spherical planet members 25 will determine the
precise shape of the contact patch which in practice
exists between the members in rolling contact. Although
in an idealised situation the contact would be a point
contact, in practice, because the interior of such a
variable transmission would contain a lubricant in the
form of a special traction fluid which both lubricates
the moving parts and enhances the rolling traction
between them, the points of contact will constitute
contact patches which are larger the closer the radii of
the contacting surfaces are to one another. It is, of
course, undesirable that these patches should be too
large in order to avoid the so-called spin loss resulting
from forces developing in the hydrodynamic fluid between

the two elements in rolling contact.

The continuously variable transmission mechanism
described above 1is extremely compact and highly
efficient, and has no need for a pressurised hydraulic
circuit for either lubrication or control purposes in
order to achieve the required function. It can be in
modular form and is scalable readily to accommodate both

large and small size applications.

It is appreciated that, of course, if the input shaft 11
were considered as a unitary member there would be no way

in which the two parts 23a, 23b of the inner race could
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be fitted over the unthreaded ends of the shaft 11.

This, however, could be achieved by forming the input
shaft 11 as composite member with the unthreaded parts
assembled to the threaded parts after the sun members
23a, 23b has been fitted thereto. Alternatively,
however, the shaft 11 may simply be of smaller diameter,
at the end portions which are not threaded, to match the
radially innermost dimension of the thread flights
allowing the sun parts 23a, 23b to be slid along them

upon assembly.

Although as i1llustrated schematically in Figure 1 the
separation of the two race parts 26a, 26b is controlled
by a simple lever 30 with a suitable counteracting member
31 applying symmetrical forces to the two race parts 26a,
26b to cause them to move together or apart as determined
by the movement of the lever 30 it will be appreciated
that in a practical embodiment it is necessary to apply
the axial forces to the raceway parts over the entirety
of the circumference or at least at several symmetrically

located positions.

Turning now to Figure 5 there is shown a practical
embodiment in which this adjustment is achieved in a way
which applies the adjustment forces symmetrically around

the entire periphery of the radially outer raceways. The
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structure of this embodiment is based on the realisation
that the forces exerted by the spherical planets 25 do
not need to be transferred through two planet carrier
plates such as 14a, 14b of Figure 1 but that they are
sufficiently balanced to allow only a single planet
carrier plate to be utilised providing that the input
shaft 11 is provided with suitable bearings in order to

prevent axial misalignment.

In this embodiment the same reference numerals are used
to identify the same or similar components as in the
embodiment of Figures 1 to 4. The input or drive shaft
11 carries the variable transmission unit in its
entirety. Such an embodiment is suitable, for example,
as the gear transmission from a moped or motor cylce to
drive a wheel via a chain drive. For this purpose the
output drive member from the variable transmission is a
chain wheel 33 carried on an external casing 34 secured
to the periphery of the planet carrier 14 which, in this
embodiment, comprises a single disc having shafts 16
projecting therefrom. Unlike the embodiment of Figures
1 to 4, however, the shafts 16 do not pass right through

the space between the inner and outer races 23, 26.

The drive shaft 11 may, for example, be the output shaft

from an internal combustion engine or other prime mover.
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It has a projecting end portion 25 of smaller diameter
than the main part of the shaft 11 carrying one of the
two parts (in this case the part 23a) of the inner
raceway 23 secured for rotation with the shaft 11 by a
woodruff key 36. In this embodiment, instead of the two
radially inner raceway parts 23a, 23b both being
relatively movable with respect to the shaft 11 in their
approach and separation movements, the raceway parts 23a
is fixed for rotation with the shaft 11 and has an
axially extending sleeve 23c over which the second
raceway part 23b 1is fitted. The outer cylindrical
surface of the sleeve 23c and the inner cylindrical
surface of the second radially inner raceway part 23b are
provided with matching helical channels 37, 38 of
semicircular cross-section housing a plurality of balls
39. Relative axial separation or approach of the two
raceway parts 23a, 23b can be achieved, therefore, by
relative rotation of these two parts about the axis of
the drive shaft 11. A light spring 40 engaged between
the second of the radially inner raceway parts 23b and a
stationary housing 41 provides a light pre-loading of the
second radially inner raceway part 23b to ensure that
this always maintains contact with the spherical planets
25 even in no load conditions so that the radially inner
raceway parts 23a, 23b do not become axially separated by
such a distance that the spherical planets 25 become
loose and rattle within the track defined by the radially

inner and outer races 23, 26.
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The radially outer race 26 comprises a first part 26a
which has an axially extending sleeve 42 within which the
second of the radially outer raceway parts 26b is fitted.
The inner surface of the cylindrical sleeve 42 has a
helical ridge 43 of rectangular cross-section and the
second radially outer raceway part 26b has on its outer
cylindrical surface a helical channel 44 of corresponding
rectangular cross-section. The ridge 43 and channel 44
form a robust scroll similar in configuration to an

"ajax" screw thread.

The first radially outer raceway part 26a is rotatably
fixed but axially free on a cylindrical outer wall 45 of
the fixed housing 41 which carries a projecting lug 47 on
which is supported a torque-reaction arm 48 which engages
a fixed part of the framework of the vehicle to maintain
the housing 41 stationary (that is non-rotating) with

respect to the vehicle.

The housing 41 also carries a second projecting lug 45
which, in this case, is hollow and receives a shaft 50
one end of which projects out from the casing 41 and
carries a control lever 51 and the other end of which
projects into the casing and carries a lever 52 the free

end of which is secured to the second radially outer
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raceway part 26b. Movement of the control lever 51 about
the axis of the pivot pin 50 causes the lever 52 to turn
correspondingly and thus cause the raceway part 26b to
turn about the axis of the device, which is coincident
with the axis of the input drive shaft 11, with respect
to the fixed radially outer raceway part 26a. This
movement 1is converted by the helical interengagement
constituted by the helical channels 44 and helical rib 43
into axial approach or separation of the two radially

outer raceway parts 26a, 26b.

Rotation of the drive shaft 11 thus causes the radially
inner race 23 to rotate and carry with it, by rolling
contact, the planetary spheres 25 which roll also over
the curved surfaces of the radially outer race 26. As in
the generalised embodiment of:Figure 1, the planetary
spheres 25 are constrained only by their contact with the
curved surfaces 27a, 27b and 28a, 28b of the radially
inner and radially outer races 23, 26 respectively but
each pair of planetary spheres 25 has a roller follower
15 intercalated circumferentially therebetween so that
the planetary motion of the spheres 25 is conveyed to
these rollers and, via the shafts 16, to the planet
carrier 14 which, in this case, constitutes the entire
outer casing of the unit carrying the output sprocket 33
which may, for example, <carry a chain for onward

transmission of drive to the wheel this embodiment
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includes a further bearing 52 between the rotating outer
casing 34 and the fixed inner housing 41. Variation in
the relative approach or separation of the radially outer
raceway parts 26a, 26b, caused by turning the control
lever 51 in one direction or the other, causes a greater
or lesser force to be applied to the planetary balls 25
urging them radially inwardly into contact with the
radially inner raceway 23. As the two radially outer
parts 26a, 26b are brought together the forces exerted on
the planetary balls 25 increases and the radially inner
force applied to the radially inner races 23a, 23b urging
these apart is accommodated by relative rotation of the
raceway part 23b with respect to the raceway part 23a
with the balls 39 in the channels 37, 38 acting in effect
as a torque-sensitive mechanism which allows compensating
rotary movement of the movable inner raceway part 23b
with respect to the "fixed" raceway part 23a, fixed, that
is, with reference to the drive shaft 11 against axial
movement . The raceway part 23a, rotates at the same
speed and with the drive shaft 11 as does the raceway
part 23b apart from a minor variation when relative
movement over a limited arc takes place for compensating
adjustment of the pressures applied by the planetary
spheres 25. High and low ratio transmission, with a
continuous variation between the end points, can be
achieved by movement of the lever 51 as described in

relation to Figures 3 and 4.
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The function of the inner race thread 37, 38, 39 is to
maintain the ratio of normal to tangential (tractive)
force (n/f) of each planet ball contact point within a
certain range. The ratio must be large enough to ensure
that excessive slip does not occur (at least 10 for
partial lubrication and up to twice that for full
hydrodynamic lubrication) but not so large that a
significantly greater normal force is applied than is
needed, which would reduce efficiency, torque capacity
and life of the unit. It may be mentioned here that a
spherical planet shape is unique in behaving perfectly in
this role for, when such a planet is in equilibrium under
the action of four peripheral contact radial “squeezing'
forces in the plane of the drawing (the n direction) and
a driving force through its centre normal to the plane of
the drawing (the f direction), as here, n/f has the same
value wherever on the periphery the contact points may
be. This means that the inner and outer race n/f values

are equal for any ratio setting of the transmission.

A light torsion spring 40 acting between the two inner
race halves provides sufficient preload to ensure that
there is always enough contact pressure for the torque
sensing mechanism to start working when torque increases

from zero.

The outer race thread 43, 44 must have a pitch coarse

enough to effect ratio changing between extremes without
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requiring excessive travel of the ratio change lever 51,
while not being so coarse that the contact conditions
simply force the races apart. The type of transmission
shown in Figure 7 is particularly suited to applications
having high torque, low speed inputs, such as occur in a
bicycle. This is because, with input at the planet
carrier, input torque is reacted at a larger radius and
by twice as many contact patches as when input is at the
inner race. In some case, such as the bicycle, output
gearing 1is required to reduce output speed to that

required for the application.

The embodiment of Figure 6 comprises an infinitely
variable transmission having both forward and reverse
transmission ratios. It comprises a continuously
variable transmission mechanism similar to that described
in relation to Figure 5 the input side of which is
provided with an epicyclic gear train of fixed ratio
gears. Again,vthose components which are the same as or
fulfil the same function as corresponding components in
the embodiment of Figure 6 will be identified with the

same reference numerals.

The mechanism for varying the transmission ratio between
the input drive shaft 11 and output sprocket 33 is

substantially the same as that described in relation to
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Figure 5 and, therefore, only the differences between the
embodiment of Figure 6 and the embodiment of Figure 7
will be described in detail. The input shaft 11 has an
additional fixed ratio sun wheel gear 55 which meshes
with a set of planet gears 56 equal in number to the
planet follower rollers 15 and carried respectively on

the same shafts as 16.

The planetary gears 56 mesh with an outer ring gear 57
fixed to an outer casing 59 which carries the output
sprocket 33. In this embodiment, because the planetary
gears 56 are constantly in mesh with the sun wheel 55,
rotation of the shaft 11 will cause the planet follower
rollers 15 to rotate at a given speed when the ring gear
57 and consequently the outer casing 59 (and therefore
the output drive sprocket 33) 1is stationary. The
stationary or T"neutral" drive condition, therefore,
occurs when the radial position of the planetary spheres
25 is such that the speed of rotation is the same as that
of the roller followers. This provides a "geared"
neutral position. Adjustment of the lever 51 to cause
the planetary spheres 25 to adopt a radially inner
position with respect to the "neutral" position just
described will cause the balls to apply a force to the
roller followers 15 such as to slow their speed of
rotation with respect to that at which they would rotate

with the ring gear 57 stationary, thus causing
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transmission of drive torque to the ring gear 57 in a
first direction. This transmission of drive torgque may
be considered as a "reverse" direction and the speed
thereof increases with a decrease in the radial position

of the planetary spheres 25.

By contrast, if the adjustment of the lever 51 is such as
to allow an increase in the radial position of the
planetary spheres 25 this will increase the speed of the
spheres causing them to apply a force to the roller
followers which will cause the planetary gears 56 meshing
therewith to transmit a force in the "forward" direction
to the ring gear 57 which is transmitted via the casing
59 to the drive sprocket 33. Again, further adjustment
of the lever 51 causing a further increase in the radial
distance of the planetary spheres 25 from the axis of the
input shaft 11 will increase the gear ratio and
consequently the speed of the sprocket 33 for a given

input speed of the drive shaft 11.

The embodiment of Figure 7 is somewhat similar, but
instead of having an epicyclic fixed gear train at the
input to the continuously variable transmission device it
has such a gear train at the output from the continuously
variable transmission device. Moreover, the embodiment

of Figure 7 1s adapted particularly for use as a bicycle
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gear hub transmission device for which purpose the
central shaft is not a drive shaft, but a stationary
spindle about which the entirety of the device rotates.
Again, those components which are the same as or fulfil
the same functions as corresponding components in the
embodiments of Figures 5 and 6 will be identified with

the same reference numerals.

In this embodiment the central shaft 61 is a stationary
fixed shaft which has threaded end portions 72, 73
engaged by respective nuts 67, 68 which can be screwed on
to the threaded end portions 72, 73 to engage a frame
portion of the bicycle between respective pairs of

washers 69, 74 and 75.

The shaft 61 has an axial enlargement 76 adjacent its
right hand end from which extends a radial flange 77
carrying the fixed casing 41 which at its left hand end
carries the outer ring 57 of an epicyclic fixed ratio
gear train having a plurality of planetary gears 56
meshing the with ring gear 57 and a sun gear 55 which is
carried by axial mounts 78 on the radially inner raceway

part 23a.

The planet carrier 14 of the continuously variable
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transmission has a cylindrical inner sleeve 79 which at
its left hand end carries a shaped tubular input member
11 which carries a drive sprocket 62 and is itself borne
by bearings 66 on the stationary shaft 61 and carries an
outer casing 64 via bearings 63, 71. The outer casing 64
is the "hub" portion of a bicycle wheel having a radial
flange 80 from which the bicycle wheel spokes may project

radially.

In operation, rotation of the input sprocket 62, for
example by means of a chain drive conventional for
bicycles, causes rotation of the planet carrier 14 and
thus the planetary spheres 25 urged by the roller
followers 15 carried by the planet carrier 14. The
stationary, radially outer race 26a, 26b carried on the
stationary housing 41 fulfils the same function as
before, and has an adjustment scroll defined by ribs and
channels 43, 44 as in the embodiment of Figures 5 and 6,
and likewise a lever 52 for controlling the
circumferential position of the outer raceway part 26b
and thus its axial position relative to the other outer

raceway part 26a.

The rotation of the planetary spheres 25 is transmitted
to the radially inner races 23a, 23b which, carrying the

sun gear 55 of the fixed ratio epicyclic gear mechanism
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causes the planet gears 56 to rotate which, because they
mesh with the stationary ring gear 57, causes the outer
housing 64 to turn with a drive transmission ratio and
direction of drive dependent on the adjustment of the

radial position of the planetary spheres 25.

The freewheel function normally provided in a cycle
transmission may be included within the function of the
variator. So long as the preload between the inner race
halves is small, that is spring 40 is weak, in the
absence of input torque, as when freewheeling, the planet
balls are in only light contact with the races and the

amount of drag torque thereby generated is negligible.

In many applications input gearing may be used to
increase variator power capacity. Since the power
capacity of a variator is normally limited by its torque
capacity, while its speed capability is normally much
greater than required, input gearing may be used to
reduce the former and increase the latter. For example,
an electric motor prime mover with an output speed of
3000rpm could be advantageously combined with variator
input gearing of ratio 3:1, thereby generating a still
tolerable 9000rpm variator input speed but tripling the
power capacity of the variator. In many applications,
such additional input gearing would permit the use of a

smaller variator unit.
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Referring now to Figures 8 to 10 there are shown various
alternative configurations for the radially inner and
outer races 23, 26. In the description of these drawings
it will be understood that the part of the drive
mechanism illustrated is only that part relating to the
immediate contact of one rolling element with the
radially inner race and the radially outer race. The
planetary spheres (which are not shown in the drawings)
are substantially identical to those in the embodiments

of 5 to 7.

In the embodiment illustrated in Figure 8, the radially
outer race 201 has a curved inner or contact surface 202
having four local annular features in the form of sectors
of shorter radius of curvature than the overall radius of
curvature of the raceway. These annular indentations are
identified with the reference numeral 203 in Figure 8. It
will readily be appreciated that a ball trapped between
the outer raceway 201 and inner raceway 204, each of
which is split into two parts 201la, 201b and 204a and
204b will settle in contact with one of the four local
annular features 203 for preference as a result of the
relative inclination of the normal to the points of
contact between the raceways 20la, 201b and the planetary
ball itself unless this is centred on one of the local
annular features 203. This effectively provides for
incremental adjustments which the system will

automatically favour so that although the adjustment is
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infinitely wvariable it can simulate an incremental
adjustment pattern of a conventional gear box. This also
has the beneficial effect that the stability of the drive
transmission in a selected ratioc 1is increased and it
lowers the contact stresses. It will of course be
appreciated that the annular features 203 illustrated in
the drawing are greatly exaggerated for clarity and that
in reality the radius of curvature of each of the annular
track parts 203 would have a curvature somewhere between

that of the planet ball and that of the race.

Figure 9 illustrates an embodiment in which a
"disconnected" neutral position is made available. In
this embodiment the radially inner raceway 204 is
provided with two free rotation rings 205, 206 one
mounted in the ring half 204a and the other in the ring
half 204b. Each of these rings 205, 206 is mounted via,
in this case, a ring of balls 207, 208 respectively such
that when the relative separation of the two inner race
parts 204a, 204b is such that the contact between the
planet balls (not shown) and the inner races 204a, 204b
coincide with the rings 205, 206 the transmission of
drive is interrupted by the rolling contact of the balls

207, 208.

Turning now to Figure 10, the alternative embodiment
shown comprises a similar pair of raceways 201, 204 as in

the previous two embodiments, but in this case one half
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204b of the inner raceway 204 is axially displaceable in
the direction of the arrow A of Figure 10 by axial
displacement of a control member 210 engaged with an arm
211 of the inner raceway half 204b via a bearing 212.
Thus, whatever gear ratio is operative at the time, the
drive mechanism can be placed in a "neutral" gear by

displacement of the raceway part 204b.

In any of the embodiments described hereinabove a
separate "launch" device may also be provided to control
an initial range of movement of the controlling races
from a "neutral" position to a low "gear" ratio. Such
mechanism may provide for a fixed relative displacement
of the control races so that the "launch" control
mechanism can be utilised effectively as a "down shift"”
whilst the mechanism is in a drive transmission gear.
This will have the effect of lowering the gear ratio by
a predetermined amount corresponding to the wvariation
from neutral to the low gear when used in its "launch"

mode.

Turning now to the embodiments of Figures 11 and 12 these
illustrate continuocusly wvariable drive transmission
devices which operate on the same general principles as
those embodiments describéd above, but in which the form
of the planets 1is substantially different, with
consequent variation in other components. Nevertheless,

those components which are the same as, or fulfil the
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same functions as, corresponding components in
previously-described embodiments, will be identified with
the same reference numerals. In the embodiment of Figure
11 the sun members 23a, 23b together define a radially
outer barrel shape surface, with the sun member 23a
having a curved surface 26a comprising a surface of
revolution generated by an arcuate generatrix inclined in
a first direction with respect to the axis of the input
shaft 11 (namely converging towards this axis to the
left) whilst the sun member 23b has an external surface
of revolution 26b constituted by a surface of revolution
generated by a generatrix in the form of an arcuate line
diverging from the axis of the shaft 11 towards the left.
The curved radially outer surfaces 26a 26b of the sun
member are in rolling contact with the curved surface 27
of each planet 15 which, in this embodiment, has what may
be described as a "diabolo" shape representing the
surface of revolution of a curved line which is convex

towards the axis of revolution.

Extending circumferentially around the path followed by
the planets 15 and in rolling contact therewith, is a
track member 28 constituted by two separate track parts
28a, 28b each having radially inner curved surfaces 29a,
29b respectively which constitute surfaces of revolution
of arcs which are (but do not have to be) the mirror
image of the arcs constituting the generatrices of the

respective axially coincident sun part 23a or 23b.



10

15

20

25

35
Moreover, the radius of curvature of the arcs defining
the curved surfaces 26a, 29a are slightly smaller than
the radius of curvature of the curved arcs 27 defining

the curved surface of the planet 15.

The track member 28 has a dog tooth engaged by a fixed
member 31 ensuring that the track 28 remains stationary
with respect to the casing (not shown). This dog tooth
is illustrated purely schematically in Figure 11 it being
understood, in practice, the means by which the track 28
is held stationary within the casing (not shown) may be

of different form.

Between the two track members 28a, 28b is a cam 32
pivotally mounted about a point 33 and controlled by a
lever 34. Again, only one lever 34 is shown in Figure 11
although, in practice, a mechanism providing forces
acting symmetrically around the circumference of the

track 28 will be required.

Turning now to the embodiment of Figure 12, this has
substantially the same principle of operation, but
differs from the embodiment of Figure 11 in that the
planets 15 are formed as two cones 15a, 15b joined at
their larger base (although in practice formed as a
single unitary body) which avoids the need for double-
curved surfaces as in the embodiment of Figure 11. This
constitutes a certain simplification since the conical

surfaces 27a, 27b of the two cones 15a, 15b can be formed
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as generatrices of straight lines. The planets 15 are
carried by roller bearings 16, 17 housed in radially

elongate slots 18 in the planet carrier 14.

The sun members 23a, 23b can then be formed as two disks
having inclined surfaces 26a, 26b although, in order to
retain relatively small contact patches these surfaces
will nevertheless be curved surfaces formed as surfaces
of revolution of an arcuate line. The track members 28a,
28b may likewise be formed as two disks with curved
surfaces 29a, 29b with which the conical surfaces 27a,
27b of the two cone parts 15a, 15b of the planet 15 are

in rolling contact.

For simplicity of explanation only the minimum of moving
parts have been illustrated in Figure 12. The general
concept of the mechanism is substantially the same as
previously described, with the transmission ratio being
determined by the separation between the two tracks parts

28a, 28b controlled by a suitable mechanism (not shown) .
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CLAIMS

1. A continuously variable transmission device of the
type having planetary members in rolling contact with
radially inner and outer races each comprising two
axially spaced parts, with control means for selectively
varying the axial separation of the two parts of one race
and thus the radial position of the planetary members in
rolling contact therewith, in which there are provided
means sensitive to the torque applied to a drive-
transmitting member of the transmission operable both to
determine the compensating variation in the separation of
the two parts of the other race and thus the transmission
ratio of the device and to vary the forces exchanged
between the planets and the races normal to the interface

between them.

2. A rolling contact continuously variable transmission
member as claimed in Claim 1, in which the rolling
contact surfaces of the planetary members and the parts

of the races are curved in cross-section.

3. A rolling contact continuocusly variable transmission
device as claimed in Claim 1 or Claim 2, in which the

planetary members are convexly curved 1in cross-section
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and the parts of the races are concavely curved in cross-

section.

4. A rolling contact continuously variable transmission
device as claimed in any of Claims 1 to 3, in which the

planetary members are substantially spherical.

5. A rolling contact continuously variable transmission
device as claimed in any preceding claim, in which the
planet members are substantially spherical and captive
between the radially inner and the radially outer races,
there being roller follower members circumferentially
intercalated between adjacent pairs of planet members for

transmitting drive to or from the said planet members.

6. A rolling contact continuously variable transmission
device as claimed in Claim 5, in which the vroller
follower members are carried on a planet carrier member
to which drive to or from the planet members is

transmitted in operation of the device.

7. A rolling contact continuously variable transmission
device as claimed in any preceding claim, in which the

axes of rotation of the planet members about their own
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axis are substantially parallel to the axis of rotation

of the planets about the sun member.

8. A rolling contact continuously variable transmission
device as claimed in any preceding claim, in which the
axis of rotation of the radially inner race is
substantially parallel to the axis of the radially outer

race defining the planetary path of the planet members.

9. A rolling contact continuously variable transmission
device as claimed in any of Claims é to 8, in which the
means for selectively varying the axial separation of the
two parts of the radially inner or outer race include two
adjustment members interconnected by a helical
interengagement such that relative turning motion of one
of the adjustment members results in relative axial

displacement of the other.

10. A rolling contact continuously variable transmission
device as claimed in Claim 9, in which the helical
interengagement of the two adjustment members comprises
a screw threaded engagement of the members themselves,
the said one of the two adjustment members being turnable
through at least a limited arc of movement about a first

axis and the said other of the adjustment members being



10

15

20

40
restrained against rotary motion at least about an axis

substantially parallel to the said first axis.

11. A rolling contact continuously variable transmission
device as claimed in Claim 9 or Claim 10, in which the
helix angle of the said helical interengagement varies

over the circumferential extent of the helix.

12. A rolling contact continuously variable transmission
device as claimed in any of Claims 7 to 11, in which the
said other member is the radially inner race, the two
parts of the radially inner race are carried on a drive
or driven shaft, and the means for allowing relative
separation of the two parts of the radially inner race
comprise at least one inclined surface acting to react
the forces exerted by the transmission of drive forces

between the radially inner race and the planet members.

13. A rolling contact continuously variable transmission
device as claimed in Claim 12, in which the said inclined
surface is part of a helical interengagement between the

parts of the radially inner race and the said shaft.

14. A rolling contact continuously variable transmission
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device as claimed in Claim 13, in which the helix angle
of the said helical interengagement varies over the

circumferential extent of the helix.

15. A rolling contact continuocusly variable transmission
device as claimed in Claim 13 or Claim 14, in which the
circumferential component of the axial force reacted by
the helix is substantially equal to and opposite in sign
from the direct circumferential force reacted by the
helix such that the force required to be applied to the
said selective adjustment means to maintain or change a

transmission ratio is minimised.

16. A rolling contact continuously variable transmission
device of the type having planetary members in rolling
contact with radially i1inner and outer races each
comprising two relatively axially displaceable race
parts, in which the planetary members are substantially
spherical and the transmission forces to or from the
spherical planetary members in planetary motion is

effected via roller follower members.

17. A rolling contact continuously variable transmission
device as claimed in Claim 1, in which the roller

follower members are each interposed between respective
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pairs of adjacent planetary members and carried on a
planet carrier member through which drive to or from the

planet members is transmitted in operation of the device.

18. A rolling contact continuously variable transmission
device as claimed in Claim 16 or Claim 17, in which there
are provided means for selectively varying the axial
separation of the parts of one of the said radially inner

and radially outer races.

19. A rolling contact continuously variable transmission
device as claimed in Claim 18, in which the other of the
radially inner and radially outer races is provided with
means for allowing the separation of the parts thereof to
vary in response to adjustments made by the means for
selectively varying the separation of the parts of the

said one of the radially inner and radially outer races.

20. A rolling contact continuously variable transmission
device as claimed in Claim 19, in which the said means
for allowing the separation of the two parts of the other
of the radially inner and radially outer races are
sensitive to the torque applied between a drive member

and a driven member of the transmission device.
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21. A rolling contact continuously variable transmission
device as claimed in any of Claims 16 to 20, in which the
rotation of the planet members about their own axis is
substantially parallel to the axis of the raceway

defining the planetary motion of the planet members.

22. A rolling contact continuously variable transmission
device as claimed in any of Claims 16 to 21, in which the
means for selectively varying the axial separation of the
two parts of said one of the radially inner and radially
outer races include two adjustment members interconnected
by a helical interengagement such that relative turning
motion of one of the adjustment members results in

relative axial displacement of the other.

23. A rolling contact continuously variable transmission
device as claimed in Claim 22, in which the helical
interengagement of the two adjustment members comprises
a screw threaded engagement of the members themselves,
the said one of the two adjustment members being turnable
through at least a limited arc of movement about a first
axis and the said other of the adjustment members being
restrained against rotary motion at least about an axis

substantially parallel to the said first axis.
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24. A rolling contact continuously variable transmission
device as claimed in Claim 22 or 23, in which the helix
angle of the said helical interengagement varies over the

circumferential extent of the helix.

25. A rolling contact continuously variable transmission
device as claimed in any of Claims 22 to 24, in which the
said other of the two adjustment members is or is carried
by or on the said means defining the radially outer

track.

26. A rolling contact continuocusly variable transmission
device as claimed in any of Claims 16 to 25, in which the
said other member is the radially inner race member, the
two parts of the radially inner race member are carried
on a drive shaft, and the means for allowing relative
separation of the said two parts thereof comprise at
least one inclined surface acting to react the forces
exerted by the transmission of drive forces between the

radially inner race member and the planet members.

27. A rolling contact continuously variable transmission
device as claimed in Claim 26, in which the said inclined
surface is part of a helical interengagement between the
parts of the radially inner race member and the drive

shaft.
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28 A rolling contact continuously variable transmission
device as claimed in Claim 27, in which the helix angle
of the said helical interengagement varies over the

circumferential extent of the helix.

29. A rolling contact continuously variable transmission
device as claimed in Claim 27 or Claim 28, in which the
circumferential component of the axial force reacted by
the helix is substantially equal to and opposite in sign
from the direct circumferential force reacted by the
helix such that the force required to be applied to the
said selective adjustment means to maintain or change a

transmission ratio is minimised.

30. A rolling contact continuously variable transmission
device as hereinbefore described with reference to, and

as shown in, the accompanying drawings.

31. A rolling contact continuously variable transmission
device comprising a continuously variable transmission
device as claimed in any preceding claim, having a fixed
ratio planetary gear train in the drive train to its

input drive member and/or from its output drive member.
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32. An infinitely variable transmission device
comprising a continuously variable transmission device as
claimed in any of Claims 1 to 30, having a further
epicyclic transmission train of fixed ratio gears or
rolling traction member in the drive train from its

output drive member.

33. An infinitely variable transmission device as
claimed in Claim 32, in which the said further epicyclic
transmission train comprises or includes a sun member,
planet member and ring member, and in which two of these
members are connected for movement with the corresponding

members of the said continuously variable transmission

device.
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