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A variable-speed drive (1) having an input shaft (3), at least one output shaft (4), and a system (5) for connecting the input
shaft (3) to the output shaft (4) and enabling the velocity ratio of the shafts (3, 4) to be varied continuously; which system is de-
fined by a first truncated-cone-shaped rotary body (6) angularly integral with the output shaft (4) and defined laterally by a
curved convex surface (7) having a given curve radius, and by a number of second truncated-cone-shaped rotary bodies (8) angu-
larly integral with the input shaft (3) and arranged in a ring about the first rotary body (6). Each second rotary body (8) is defined
laterally by a curved concave surface (9) having a curve radius greater than that of the convex surface (7) defining the first rotary
body (6), is pressed against the first rotary body (6) by a forcing device (43) defined by a pair of helical gears (41, 42), and is con-
trolled by a device (10) for rocking each second rotary body (8) to and from the axis of rotation (14) of the first rotary body (6), so
that the curved surfaces (7, 9) cooperate mutually at a single point of tangency (P).
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VARIABLE-SPEED DRIVE, PARTICULARLY FOR VEHICLES

TECHNICAL FIELD

The present invention relates to a variable-speed
drive, particularly for vehicles.

BACKGROUND ART

Known variable-speed drives normally comprise an
input shaft, an output shaft, and a pair of conical
bodies, each at 1least angularly integral with a
respective shaft, and connected angularly to each other
via the interposition of an intermediate element, the
movement of which in relation to the conical bodies
provides for varying the velocity ratio of the input and
output shafts. '

Depending on the application, the intermediate
element is defined by a further rigid body, normally a
cone or cylinder, or by a flexible element designed to
cooperate with a lateral surface of the conical bodies.

-In most applications in which a rigid body is

used, at least part of the generating' line of the body
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cooperates in sliding manner with part of the generating
line of the conical bodies.

Though universally adopted, such a design presents
a major functional drawback due to the variation in
surface speéd along the contacting portions of the
generating lines resulting in relrati've slide between the
contacting profiles, thus resulting in iﬁcreased power
loss due to friction and, consequently, in reduced
efficiency of the variable-speed drive. Relative slide
and, consequently, power ‘loss may be .reduced by reducing
the 1ength of the contacting portion of the generating
line so that, at most, the rotary bodies contact at one
point only. |

Known design solutions for overcoming the above
drawback are nevertheless unsatisfactory in terms of
power transmission, which c¢an only be increased by
increasing the number of movable intermediate elements,
thus resulting in an increase in the size -and

manufacturing cost of the drive.

- The _increase :Ln cost is due to the fact that,
according to the above rsolutions, one of the conical
bodies must necessarily be axially mobile in relation to
thé other, thus requiriné the use of self-compensating
axial joints, i.e. capable of exerting predetermined
axial pressure as a function of the torque on the
conical drive body.

DISCLOSURE OF INVENTION
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It is an object of the present invention to
provide a variable-speed drive designed to overcome the
aforementioned drawbacks, and which, more specifically,
provides for a high degree of mechanical efficiency and
relatively high power transmission, while at the same
time being straightforward in design and cheap to
produce.

According to the present invention, there is
provided a variable-speed drive for vehicles, comprising
an input shaft, at least one output shaft, and means for
connecting said input shaft to said output shaft, and
enabling the velocity ratio of the shafts to be varied
continuously; characterized by the fact that said
connecting means comprise a first rotary drive element
angularly integral with one of said shafts and defined
laterally by a curved surface having a given curve
radius; a number of second rotary drive elements
angularly integral with the other of said shafts and
arranged in a ring about said first rotary element, each
said second rotary element being defined léterally and
on the side facing said first rotary element by a
respective curved lateral surface having a given curve
radius; control means providing for mutual cooperation
of said curved surfaces at only one point of tangency
movable along a generating line of said rotary elements;
and means for forcing said curved surfaces against each
other at said point of tangency.

BRIEF DESCRIPTION OF DRAWINGS
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A number of non—limitingr embodiments of the
present invention will be described by way of example
with reference to the accompanying drawings, in which:

Fig.l shows a schematic section, substantially in
block form, of a first preferred embodiment of the
variable-speed drive according to the present inventibn;

Fig.2 shows a view in‘perr‘spective of the Fig.l

drive;

Fig.3 shows an enlarged detailed section of the

‘Fig.1l and 2 drive;

Fig.4 shows a cross section of the Fig.3 drive in
two different operating positions;

Fig.5 shows an enlarged view of a detail in Fig.3;

Fig.6 shows a partial view in perspective of a
detail in Fig.6; '

VEJ;.g.7 shows a schematic section, substantially in
block form, of a second preferred embodiment of the
variable-speed drive according to the present invention;

Fig.8 shows a schematic section, substantially in
block form, of a third preferred embodiﬁent of the
variable-speed drive according to the present invention;

Fig.9 shows a fﬁrther preferred embodiment of the
variable-speed drive according to the present invention;

7Fig.10 shows an enlarged exploded view of a detail
on the Fig.9 drive;

Fig.1l1l shows a front section of the Fig.9 detail;

Fig.12 shows a front lateral section of the Fig.9

detail at 90° to the Fig;lllsection.
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BEST MODE_FOR CARRYING OUT THE INVENTION

Number 1l in Fig.s 1 to 3 indicates a
variable-speed drive for vehicles, comprising an outer
casing 2; an input shaft 3 and output shaft 4 projecting
from opposite ends of casing 2; and a system 5 housed
inside casing 2, for connecting input shaft 3 to output
shaft 4 and enabling the velocity ratio of shafts 3 and
4 to be varied continuously.

As shown in Fig.s 1 to 3, system 5 for connecting
shafts 3 and 4 comprises a first truncated-cone-shaped
rotary body 6, substantially barrel-shaped and defined
laterally by a curved convex surface 7 having a given
curve radius; and a number (6 in the example shown) of
second substantially truncated-cone-shaped rotary bodies
8 arranged in a ring about first body 6. On the side
facing first body 6, each second rrotary body 8 is
defined laterally by a curved concave surface 9 ha\}ing a
given curve radius greater than that of convex surface 7
laterally defining first body 6.

System 5 also comprises a control device 10 driven
by a control system 13 (Fig.3), and which provides for
mutual cooperation of curved surfaces 7 and 9 at an
axially-variable point of tangency P.

As shown in Fig.l and particularly Fig.3, first
rotary body 6 rotates about axis 14, and presents
narrow end 15 connected stably to output shaft 4, and
wider end 16 connected, via the interposition of a taper

roller bearing 17, to the free end of an elongated
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cylindrical supporting body 18, the opposite end of
which is integral with end portion 19 of outer casing 2.

Second rotary bodies 8 are equally spaced in a
ring about first body 6, with wider ends 20
substantially correspondiné with narrow end 15 of first
body 6, and decreasing in diameter alongside the
increasing diameter of first body 6. Second rotary
bodies 8 rotate about respective axes 22 diverging by
the same angle,in relatién to axis 14 of first body 6
and towards end portion 19 of casing 2 (Fig.3). As shown
in Fig.3, second rotary bodies 8 are maintained in the
above position by a pair of éupporting disks 23 and 24
on either side of first body 6, extending perpendicular
to axis 14, and héving respective holesrz3' and 24'
respectively engaged loosely by output shaft 4 and a
pertion close to the end portion of elongated
cylindrical body 18.

Each secénd body 8 presents end portions 26
connected to sﬁpporting disks 23 and 24 by' an

articulated joint 27 enabling second body 8 to rock to

and from axis 14 of first body 6 and about a number of

axes (not shown) perpendicular to axis 14.

As shown in Fig.3 and particularly Fig.s 5 and 6,
each articulated joint 27 comprises a first
spherical-headed elemeht 28 connectedrin axially-sliding
manner to a respective end poftion 26 of second body 8,
and engaging a respective spheridal seat 30 formed in a

second element 31 forming part of articulated joint 27
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and secured to supporting disk 23 or 24. Disks 23 and 24
present a number of radial seats 32 (Fig.6), one for
each joint 27, and each engaged by a respective second
element 31 of joint 27.

Each second element 31 is in the form of a
parallelepipedon (Fig.6), and is secured to respective
supporting disk 23, 24 by a pair of pads 33 (Fig.6)
located on either side of second element 31 and mating
with respective guides 35 formed in lateral walls 36 of
seat 32, so as to move radially to and from axis 14 of
first rotary body 6. Second element 31 also pivots on
pads 33 about a pivot 37, so as to rotate about an axis
38 (Fig.s 3 and 6) perpendicular to axis 22 of
respective second body 8 and substantially perpendicular
to the Fig.3 plane.

As shown in Fig.3, variable-speed drive 1 also
comprises a helical gear mechanism 39 between input
shaft 3 and second rotary bodies 8; and a number of
double universal joints 40 between helical §ear
mechanism 39 and end portion 26 on the narrow end of
each second body 8. More specifically, gear mechanism 39
is housedA inside end portion 19 of casing 2, and
comprises a first helical gear 41 fitted to input éhaft
3; and a second helical gear 42 for each second body 8,
meshing with and arranged in a ring about helical gear
41, and angularly and axially integral with a respective
joint 40. Gear pairs 41 and 42 define a device 43 for

forcing second bodies 8 against first body 6. More
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specifically, the teeth of each gear 41 and 42 are so
inclined as to exert a'given pull on respective second
body 8, via double universal joints 40, and so grip
surfaces 7 and 9 together at contact point P, as
explained in more detail later on.

As shown in Fig.3, control device 10 comprises a
tubular cylindrical body 44 coaxial with axis 14 of
first rotary body 6, housing rotary bodies 6 and 8, and
connected to supporting disks 23 and 24 so as to rotate
and translate in relation to the same. Control device 10
also comprises a ring of revolving bodies, more
specifically, balls 45 equally spaced inside a retainer
46 and located between second rotary bodies 8 and
tubﬁlar cylindrical body 44, which acts as a reaction
element and defines a race for balls 45. Balls 45 are
equal in number to second rotary bodies 8, and the
curvature of surfaces 7 and 9 respectively defining
first and second rotary bodies 6 and 8 must be such that
balls 45 remain contacting second bodies 8 and tubular
body 44 regardless of the axial operating position of
retainer 46 and, cbnsequently, the location of point P
along the generating line of rotary bodies 6 and 8. By
virtue of the pull exerted by respective gear pair 41
and 42, each second body 8 is thus forced permanently
between first body 6 and balls 45, and in such a manner
thaﬁ.the action produced between the contact surfaces of

bodies 6 and 8 and perpendicular to the generating lines

i
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of the same is sufficient for transmitting the input
power to variable-speed drive 1.

Control device 10 also comprises an actuating unit
47 (Fig.3) for moving retainer 46 and balls 45 in
relation to first and second rotary bodies 6 and 8 and
so rocking second bodies 8 to and from axis 14 of first
body 6.

As shown in Fig.3, actuating unit 47 comprises a
number of control rods 49 (only one of which is shown),
and an actuator 50 (shown schematically) fitted in

axially-sliding manner to output shaft 4 outwards of

.supporting disk 23, angularly fixed in relation to

retainer 46 of balls 45, and controlled in known manner
by system 13 so as to move rods 49 parallel to axis 14
of first rotary body 6.

Each rod 49 presents a first end integral with a
peripheral portion of actuator 49; and a second end
integral with a peripheral portion of retainer 46
between one ball 45 and the next.

A disk 51 for gquiding rods 49 is provided between
actuator 50 and supporting disk 23. Guide disk 51
presents a number of peripheral axial holes 52 engaged
in sliding manner by respective rods 49, Vand is
connected for rotation and in axially-fixed manner to
output shaft 4 via a ball bearing 53, depending on the
control device 10 selected.

In actual use, operation of control system 13

provides for moving actuator 50 axially along output
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shaft 4 and, consequéntly, for moving rods 49 in the
same direction. This resulfs in axial displacement of
retainer 46 and balls 45, thus rocking second bodies 8
to and from axis 14 of first body 6, as permitted by
articulated joints 27, snd so moving contact point P
along the generating lines of first and second bodies 6
and 8.

Axial displacement of balls 45 thus provides for
rocking second bodies 8 between two 1limit positions
(Fig.4) corresponding to the maximum and minimum
velocity ratios ofirvariable-speed drive 1. More
specifically, when balls 45 are positioned adjacent to
supporting disk 23, this provides for the "direct drive”
configuration shown in Fig.4a.

Conversely, when balls 45 are positioned adjacent
to supporting disk 24, this provides for the Fig.4b
configuration sorresponding to maximum reduction by the
transmission or "first gear" in the case of a discrete
transmission.

Displacement of balls 45 also displaces tubular
cylindrical body 44, which, together with retainer 46,
slides over the outer lateral surface of supporting'disk
23 and guidev disk 51, when retainer 46 is 1located
adjacent to supporting disk 23, and over the outer
lateral surfaces of supporting disk 24 and end portion

19 of casing 2, when retainer 46 is located adjacent to

supporting disk 24.
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Conversely, when retainer 46 is maintained in a
fixed axial position, cylindrical body 44 is rotated by
balls 45 about axis 14 of first rotary body 6 and in
contact with the relative supporting disk.

Thus, when balls 45 are positioned according to
the required velocity ratio, motion is transmitted from
input shaft 3 via helical gear mechanism 39 and double
universal joints 40 to second rotary bodies 8, which are
forced against first rotary body 6 by respective gear
pairs 41, 42, and from bodies 8 to output shaft 4 via
first body 6, which, by virtue of the pull exerted by
gears 41 and 42 on second bodies 8, is gripped between
bodies 8. '

The Fig.7 embodiment shows a variable-speed drive
55 similar to drive 1, and the component parts of which
are indicated, where possible, using the same numbering
system.

In the Fig.7 embodiment, first rotary body 6 is
again integral with output shaft 4, which in this case,
however, is connected integral with the wider end 16 of
body 6.

Second rotary bodies 8 are again arranged in a
ring about first body 6, but, in this -case, are
connected angularly to input shaft 3 by a respective
flexible joint 56, known commercially as a helical
joint, located between the wider end 20 of each second
body 8 and the respective helical gear 42 of gear

mechanism 39. Joint 56 comprises two heads 57, and a
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flexible body 58 in the form of a coil spring for
connecting heads 57. In this case also, the teeth of
gears 41 and 42 of mechanism 39 are so inclined as to
cause first body 6 fo pehetrate inside second bodies 8
and so produce a high degree of friction between
contacting surfaces 7 and 9.

The Fig.8 embodiment shows a variable-speed drive
60 similar to drive 1, and the'component parts of which
are indicatea, where pqssible, using the saﬁe numbering
system.

Drive 60 differs from 1 in that output shaft 4
extends from the same side as, and parallel énd adjacent
to, input shaft 3; is connected integral with the wider
end 16 of first rotary body 6; and extends between
double universal joints 40. -

As shown in Fig.8, geérs 42 agaih mesh with gear
41, which in this case is connected for rotation and in
axially-fixed manner to output éhaft 4, and is integral
with an intermediate gear 61 also fotating in relation
to output shaft 4 and in turn meshing with a helical
gear 62 fitted to input shéft 3. Gears 41, 42, 61 and 62
define a helical gear mechanism 63 housed inside portion
64 of casing 2, and are securedr to portion 64 for
exerting said forcing action between rotary bodies 6 and
8.

The Fig.9 embodiment shows a variable-speed drive

80 similar to those described above, and the component

e
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parts of which are indicated for the sake of simplicity
using the same numbering system.

As shown in Fig.s 9 to 12, drive 80 differs from 1
as regards the design of control device 10, which in
this case comprises a ring of revolving bodies, more
specifically balls 45, equally spaced inside a retainer
defined by an annular cup-shaped element 46, which
performs the function of both retainer 46 and, as will
be seen, contrast element 44 on drive 1.

Control device 10 is mounted, through the end
wall, S0 as to slide along a number of supporting and
guide bars 81 integral with casing 2 and arranged in a
ring, parallel to axis 14 of output shaft 4, inside the
radial gaps between balls 45,

Between each ball 45 and cylindrical lateral wall
44 of retainer 46, there is provided a rolling element
82 for absorbing all the rolling components which would
otherwise be transmitted by balls 45 to retainer 46 and,
more specifically, to lateral wall 44 radially outwards
of balls 45.

As shown in Fig.s 10, 11 and 12, each rolling
element 82 comprises an axial thrust bearing 83, the
axis A of which is substantially perpendicular to axis
14 of output shaft 4; and a pair of saddle rollers 91,
92.

Axial bearing 83 consists of a first cylindrical

thrust bearing 84, and a second cylindrical thrust
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bearing 85 coaxial with the first, and between which is
provided a number of spherical rolling bodies 86.

Thrust bearings 84 and 85 present a central
through seat 87 for housing idle rollers 91 and 92
mounted on respective parallel. rolling beérings 97.
Rollers 91 and 92 present respective concave outer
surfaces 93 cooperating in rolling manner with outer
surface 94 of each ball 45, which thus fits between
rollers 91, 92 bf‘ respective element 82 and the two
adjaéent second bodies 8 on either side of ball 45.

Bearing 83 also presents a plate 95, screwed on to
thrust bearing 85, for retaining rollers 91 and 92
inside seat 87 during operation, on the opposite side to
ball 45. | | -

Second thrust bearing 85 is fitted to a_first end
100 of a control tie 101 for moving control device 10
along bars 81, and so moving the point of action of
balls 45 along outer surface 9 of rotary bodies 8, and,
consequently, contact point P between bodies 8 and outer
surface 7 of first body 6. 7

The second opposite end (not shown) of tie 101 is
fitted to a drive ring 102 (substituting actuator 50 on
drive 1) also mounted in sliding manner on bars 81 and
controlled by a known system (not shown) connected, in
the example sﬁown, to control system 13.

In actual use, balls 745 are gripped between
respective pairs of bodies 8 (Fig.4) and lateral wall 44

of retainer 46, via the interposition pf a respective
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element 82 between each ball 45 and wall 44. Thrust
bearings 84 thus rest on wall 44, which, via bearings 84
and rollgrs 91, 92 on bearing 83, acts as a contrast
element for balls 45 in the same way as element 44 on
drive 1. In this case, however, wall 44, and
consequently retainer 46 as a whole, is not rotated by
balls 45, by virtue of the rolling movement of balls 45
being absorbed by rollers 91, 92 and bearing 83; and
axial displacement of element 82 by tie 101 is also
transmitted to retainer 46, thus varying the velocity
ratio as already described.

The advantages of variable-speed drives 1, 55, 60
and 80 will be clear from the foregoing description. In
particular, they provide for direct contact of rotary
bodies 6 and 8 and, more specifically, at a single point
of tangency P, thus drastically reducing, if not totally
eliminating, power 1loss due to friction, and so
improving the efficiency of the drive and enabling a
maximum velocity ratio of roughly 1:6.

At the same time, the design characteristics of
the drive provide for relatively high power transmission
for a given size, which is extremely compact even for
high power transmission values.

The size, in particular the length, of the drive
is further reduced in the case of drive 80 as shown in
the Fig.9 embodiment. In fact, whereas on drive 1, for
example, displacement of retainer 46 is also accompanied

by displacement of reaction element 44, which, being
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rotated by balls 45, must be supported and therefore
long enough to rest on either one of supporting disks
23, 24, thus resulting in a relatively long drive 1,
wall 44 of drive 80 forms part of retainer 46, and, by
virtue of being prevented from rotating by elements 82,
may be supported on the same bars 81 supporfing retainer
46, thus enabling a_cdnsiderable reduction in the length
of wall 44. | |

In addition to transmitting motion between input
shaft 3 and second rqtary bodies 8, helical gear
mechanism 39 on variabie-speed drives 1 and 55 obviously
algo performs the function of a self-compensating axial
5oint, that is, capable of exerting predetermined axial
pressure on second rotary bodies 8 as a function of
input p§wer.

' To those skilled in the art it will be clear that
changes may be made to variable-speed drives 1, 55( 60
and 80-. as described and illustrated herein without,
however, departing from the scope of the present
inventidn. In particular, a different type of
arficulated joint may be used for connecting ends 26 of
second rotary bodies 8 to respective supporting disks 23
and 24.

Joints 40 and 56 may be replaced by others
designed, for example, to support second bodies 8 in the
operating position; in which case, supporting disks 23

and 24 on drives 1, 55 and 60 may be dispensed with.
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At least part of the action for forcing second
bodies 8 on to first body 6 may be performed by flexible
joints 56, which, depending on assembly and as a
function of torque, may provide for exerting pull or
thrust for achieving said forcing action.

Finally, changes may be made to the manner in
which second bodies 8 are forced into contact with first
body 6. In particular, gears 41 and 42 may provide for
exerting only part of the forcing action, the remainder
being provided for by balls 45, which may be force
fitted between second bodies 8 and cylindrical body 44.
Moreover, said forcing action may be partly achieved'by
providing systems enabling axial displacement of first
body 6 in relation to second bodies 8.

In this case, and not only this, supporting body
18 (Fig.9) may be made integral with casing 2 by means
of a system enabling bars 81 (or similar) to extend
beyond the axial position of gears 42 (e.g. by means of
radial ribs), and end portion 19 may be replaced by a
ring 119 mounted so as to slide axially along guide bars
81 and body 18, and, like end 19, supporting gears 42
while at the same time securing bodies 8 so that they
all move axially together and by the same amount in
relation to body 6. In this way, points P are located
permanently on the same circumference, regardless of the
position of balls 45, thus preventing one or more of
bodies 8 from sliding in relation to bedy 6 and so

resulting in premature wear of the device.
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A different type of actuating unit 47 may be
provided for displacing balls 45; and contrast element
44 need not necessarily be a tubular body as described
herein.

5 Finally, depending on requirements, variable-speed
drives 1, 55, 60 and 80 may obviously be so designed as
to enable the use of a contr§l motor (hot shown) in the
high effiéiency range, rthus improving the "elasticity"

of the motor itself.
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CLAIMS

1) A variable-speed drive (1; 55; 60),
particularly for vehicles, comprising an input shaft
(3), at least one output shaft (4), and means (S) for
connecting said input shaft (3) to said output shaft
(4), and enabling the velocity ratio of the shafts (3)
(4) to be varied continuously; characterized by the fact
that said connecting means (5) comprise a first rota;y
drive element (6) angularly integral with one (4) of
said shafts (3) (4) and defined laterally by a curved
surface (7) having a given curve radius; a number of
second rotary drive elements (8) angularly integral with
the other (3) of said shafts (3) (4) and arranged in a
ring about said first rotary element (6), each said
second rotary element (8) being defined laterally and on
the side facing said first rotary element (6) by a
respective curved lateral surface (9) having a given
curve radius; control means (10) providing for mutual
cooperation of said curved surfaces (7) (9) at onix one
point of tangency (P) movable along a generating line of
said rotary elements (6) (8); and means (41, 42) for
forcing said curved surfaces (7) (9) against each other
at said point of tangency (P).

2) A variable-speed drive as claimed in Claim 1,
characterized by the fact that said curved surface (9)
defining said second rotary elements (8) presents an

opposite curvature and a greater curve radius as
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compared rwith said surface (7) defining said first
rotary element (6).

3) A variable-speed drive és claimed in Claim 1 or
2, characterized by the fact that said first rotary
element (6) is a barrel-shaped taper roller angularly
integral with said output shaft (4); and said second
rotary elements (8) are taper rollers, each connected
angularly integral with said input shaft- (3) and so
positioned as to present a decréasing diameter alongside
the increasing diameter of said first rotary element
(6).

4) A variable-speed drive as claimed in one of the
foregoing Claims from 1 to 3, characterized by the fact
that said control means (10) comprise at least a ring of
revolving bodies (45) located between said second rotary
elements (8) and a reaction element (44) coaxial with
said first rotary element (6) and- at least defining a
race for said revolving bodies (45); and actuating means
(47) for moving said ring of revqlving bodies (45) in
relation to said first (6) and second (8) rotary
elements; said curved surfaces (7) (9) laterally
defining said first (6) and second (8) rotary elements
being so designed aé to maintain said revolving bodies
(45) gripped bétween said second rotary elements (8) and
said reaction element (44) regardless of the axial
position of said revolving bodies (45).

5) A variable-speed drive as claimed iﬁ Claim 4,

characterized by the fact that said actuating means (47)
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comprise an actuator (50) mounted in axially-sliding
manner on the shaft (4) angularly integral with said
first rotary element (6); and at least one rod (49)
between said actuator (50) and said ring of revolving
bodies (45); said rod (49) being connected in
axially-sliding manner to a guide disk (51) 1located
between said actuator (50) and said first (6) and second
(8) rotary elements, and in turn connected to the shaft
(4) angularly integral with said first rotary element
(6) via the interposition of a rolling bearing (53).

6) A variable-speed drive as claimed in Claim 4 or
5, characterized by the fact that said revolving bodies
(45) are equal in number to said second rotary elements
(8); and said reaction element comprises a tubular body
(44) extending outwards of said actuating means (47).

7) A variable-speed drive as claimed in any one of
the foregoing Claims, characterized by the fact that
said forcing means (41, 42) are located between said
second rotary elements (8) and the shaft (3) with which
said second rotary elements (8) are angularly integral;
said forcing means comprising, for each said second
rotary element (8), a pair of helical gears (41) (42)
meshing with each other and the teeth of which are so
inclined as to exert a given force substantially along
the axis (22) of said respective second rotary element
(8) and such as to force said surfaces (7) (9) into

contact with each other.
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é) A variable-speed drive as claimed in Claim 7,
characterizéd by the fact that each said pair of gears
(41) (42) provides for forcing said respective second
rotary element (8) bétween said first rotary element (6)
and said control means (10).

9)' A variable-speed drive as claimed in Claim 7 or
8, characterized by the fact that each said pair of
gears is defined by a first helical gear (42) angularly
integral with a second rotary element (8), and by a
second helical gear (41) fitted to ther shaft (3)
angularly integral with said second rotary elements (8);
said gears (41) (42) defining a helical gear mechanism
(39) housed inside a portion (19) of an outer casing
(2).

10) A variable-speed drive as claimed in Claim. 7
or 8, characterized by the fact that said inputr shaft
(3) and said output shaft (4) are parallel and located
on thersame side in relation to said first (6) and
second (B) rotary elements; and each said pair of gears
(41, 42) is defined by a first helical gear (42)
angularlry integral with a second rotary element (8), and
by a second helical gear (41) fitted in rotai‘y and
axiallyffixed manner to the shaft (4) angularly integral
with said first rotary element (6), and integral with an
intermediate gear (61) in turn meshing with a helical
gear (62) fitted to said shaft (3) angularly integral

with said second rotary elements (8); said gears (41)
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(42) (61) (62) defining a helical gear mechanism (63)
housed inside a portion (64) of an outer casing (2).

11) A variable-speed drive as claimed in one of
the foregoing Claims from 4 to 10, characterized by the
fact that said second rotary elements (8) present
respective end poftions (26) secured to a pair of
supporting disks (23) (24) on either side of said first
(6) and second (8) rotary elements; éaid reaction
element (44) extending outwards of and being connectable
in rotary and axially-sliding manner to said supporting
disks (23) (24); and each said end portion (26) being
connected to said respective supporting disk (23) (24)
by articulated means (27) enabling said respective
second rotary element (8) to rock to and from the axis
(14) of said firsf rotary element (6).

12) A variable-speed drive as claimed in Claim 11,
characterized by the fact that said articulated means
comprise a spherical articulated joint (27) in turn
comprising a first spherical-headed element (28)
connected in sliding manner to an end portion (26) of a
respective said second rotary element (8) and engaging a
respective spherical seat (30) formed in a second
element (31) secured to a respective said supporting
disk (23) (24); said second element (31) being secured
to said respective supporting disk (23) (24) via a pair
of pads (33) located on either side of said second
element (31) and connected to said supporting disk (23)

(24) so as to slide radially to and from the axis (14)
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of said first rotary element (6); said second element
(31) also pivoting on each said pad (33) so as to rotate
about an axis (38) perpendicular to the axis (14) of
said first rotary element (6).

13) A variable-speed drive as claimed in any one
of the foregoing Claims from 9 to 12, characterized by
the fact that it comprises an angle jointr (40; 56)
between each saidr second rotary element (8) and said
first helical gear (42).

14) A variable-speed drive as claimedrin Claim 13,
characterized by the fact that said angle joint (40) is
a double universal j‘oint.r

15) A variable-speed drive as claimed in Claim 13,
characterized by the fact that said angle joint (56) is
a flexible joint defined by a pair of heads (57)
connected by an elastic element (58) in the form of a
coil spring.

16) A variable-speed drive as claimed in the
foregoing Clé.ims from 13 to 15, characterized by 'the
fact that each said angle joint (40; 56) is located
between said first helical gear (42) and ‘the small end
of said respective second rotary elément (8).

17) A variable-speed drive as claimed in the
foregoing Claims from 13 to 15, characterized by the
fact that each said angle joint (40; 56) is located
betweén.said first helical gear (42) and therbroader end

(20) of said respective second rotary element (8).

o

w
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18) A variable-speed drive as claimed in any one
of the foregoing Claims from 13 to 17, characterized by
the fact that said portion (19) of said outer casing
comprises an elongated body (18) extending towards the
end (16) of said first rotary element (6) opposite that
integral with said shaft (4), betwegn said angle joints
(40; 56), and inside a hole (24') formed in the
supporting disk (24) adjacent to said angle joints (40;
56); said first rotary element (6) presenting a free end
connected to the free end of said elongated body (18)
via the interposition of a taper roller bearing (17);
said shaft (4) integral with said first rotary element
(6) extending through the other (23) of said supporting
disks (23) (24) adjacent to said guide disk (51) of said
rods (49) and through said guide disk (51).

19) A variable-speed drive as claimed in one of
the foregoing Claims from 1 to 3, characterized by the
fact that said control means (10) comprise at least a
ring of revolving bodies (45) between said second rotary
elements (8) and a reaction element (44) coaxial with
said first rotary element (6); and actuating means (101,
102) for moving said ring of revolving bodies (45) in
relation to said first (6) and second (8) rotary
elements; said curved surfaces (7) (9) 1laterally
defining said first (6) and second (8) rotary elements
being so designed as to maintain said revolving bodies
(45) gripped between said second rotary elements (8) and

said reaction element (44) regardless of the axial
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position of said revolving bodies (45); ar rolling
element (82) being provided between each said revolving
body (45) and said reaction element (44), for absorbing
the rolling components transmitted by said revolving
bodies (45) to said reaction element (44).

20) A variable-speed drive as claimed in Claim 19,
characterized by the fact that said rolling element (82)
substantially cohsists of an axial bearing (83) with its
axis (A) substantially perpendicular‘to the axis (14) of
said output shaft (4); said akial beariné (83)
presenting a through seat (87) for housing respective
;dle rollers (91; 92); said rollers (91, 92) having
respective concave outer surfaces (93) cooperating with
the outer surface (94) of each said revolving body (45).

21) A variable-speed drive as ciaimed in Claim 20,
characterized by the fact that said axial bearing (83)
is fittéd to a first end (100) of a control tie (101)
for moving said control device (10) and so moving said
point of contact (P) betwéen said second rotary elements
(8) and said curved surface (7) of said first rotary
eleﬁent (6).

22) A variable—speed drive as claimed in any one
of the foregoing Claims, characterized by the fact that
said second rotary elements (8) are secured axially to
one anothef. | |

23) A variable-speed drive as ciaimed in any one

of the foregoing claims from 4 to 22, characterized by
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the fact that said ring of revolving bodies is a ring of

balls (45).
24) A variable-speed drive, particularly for

vehicles, substantially as described and illustrated

herein with reference to the accompanying drawings.
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-

1) A variable-speed drive (1; 55
patticularly for vehicles, comprising an input shaft
(3), at least one output shaft (4), and means (5) for
connecting séid input shaft (3) to said output shaft
(4), and enabling the velocity ratio of the shafts (3)
(4) to be varied continuously; said connecting means (5)
comprising a first rotary drive element (6) defined
laterally by a first curved surface (7) having a given
curve radiﬁs; a ring of second rotary'drive elements
(8), each said second rotary element (8) being defined
laterally and on the side facing said first rotary
element (6) .by a respective second curved lateral
surface (9) having a given curve radius; a control
assembly (10) providing for mutual cooperation of said
curved surfaces (7) (9) at only one point of tangency
(P) movable along a generating line of said rotary
elements (6) (8); and means (41, 42) for forcing said
curved surfaces.(7) (9) against each other at said point
of tangency (P), characterized by the fact that said
control assembly (10) comprises revolving means (45) for
keeping said curved surfaces (7, 9) into mutual
cooperation at said point (P) of tangency, said
revolving means (45):having a lateral surface defined by
at least a portion of a spherical surface engaging at
least one of said curved surfaces (7,9), énd able to

freely rotate with thereto around its centre of
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curvature in order to change the position of said point
(P) of tangency without having sliding friction betﬁeen
said drive elements (6, 8) and said control assembly
(10).

2) A variable-speed drive as claimed in Claim 1,
characterized by the fact that said second curved
surface (9) defiﬂing said second rotary elements (8)
presents an opposite curvature and a differently curve
radius as compared with said first surface (7) defininé
said first rotary element (6).

3) A variable-speed drive as claimed in Claim 1 or
2, characterized by the fact that said first rotary
element (6) is a barrel-shaped taper roller angularly
integral with said output shaft (4); and said second
rotary elements (8) are taper rollers, each connected
angularly integral with said input shaft (3) and so
positioned as to present a decreasing relative diameter
alongside the increasing diameter of said first rotary
element (6).

4) A variable-speed drive as claimed in one of the
foregoing Claims from 1 to 3, characterized by the fact
that said revolving means (10) comprise at least a ring
of revolving bodies (45) 1located between said second
rotary elements (8) and a reactiog element (44) coaxial
with said first rotary element (6) and at least defining
a race for said revolving bodies (45); said control
assembly (10) further comprising and actuating means

(47) for moving said ring of revolving bodies (45) in
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relation to said first (6) and second (8) rotary
elements; said curved surfaces (7) (9) laterally
definingrsaid first (6) and second (8) rotary elements
being so designed as to maintain said revolving bodies
(45) gripped between said second rotary elements (8) and
said reaction element (44) iegardless of the axial
position of said revolving bodies (43).

5) A variable-speed drive as claimed in Claim 4,
characterized by the fact that said actuating means (47)
comprise an actuator (50) mounted in axially-sliding
manner on the shaft (4) angularly integral with said
first rotary element (6); and at least one rod (49)
betweeh said actuator (50) and said ring of revolving
bodies (45); said rod (49) being connected in
axially-sliding mannei to a guide disk (51) located
between said actuator (50) and said first (6) and second
(8) rotary elements, and in turn connected to the shaft
(4) angularly integral with said first rotary element
(6) via-the interposition of a rolling bearing (53).

6) A.variable-speed drive as claimed in Claim 4 or
5, characterized by the fact that said revolving bodies
(45) are equal in number to said second rotary elements
(8); and said reaction element comprises a tubular body
(44) extending outwards of said actuating means (47).

7) A variable-speed drive as claimed in any one of
the foregoing Claims, characterized by the fact that
said forcing means (41, 42) are located between said

second rotary elements (8) and the shaft (3) with which
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said second rotary elements (8) ére angularly integral;
said forcing means comprising, for each said second
rotary element (8), a pair of helical gears (41) (42)
meshing with each other and the teeth of which are so
inclined as to exert a given force substantially along
the axis (22) of said respective second rotary element
(8) and such as to force said surfaces (7) (9) dinto
contact with each other.

8) A variable-speed drive as claimed in Claim 7,
qharacterized by the fact that each said pair of gears
(41) (42) provides for forcing said respective second
rotary element (8) between said first rotary element (6)
and said control means (10).

9) A variable-speed drive as claimed in Claim 7 or
8, characterized by the fact that each said pair of
gears is defined by a first helical gear (42) aﬁgularly
integral with a second rotary element (8), and by a
second helical gear (41) fitted to the shaft (3)
angularly integral with said second rotary elements (8);
said gears (41) (42) defining a helical gear mechanism
(39) housed inside a portion (19) of an outer casing
(2).

10) A variable-speed drive as claimed in Claim 7
or 8, characterized by the fact that said input shaft
(3) and said output shaft (4) are parallel and located
on the same side in relation to said first (6) and
second (8) rotary elements; and each said pair of gears

(41, 42) is defined by a first helical gear (42)
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angulatly integral with a second rotary element (8), and
by a second helical gear (41) fitted in rotary and
axially-fixed manner to the shaft (4) angularly integral
with said first rotary element'(G), and integral with an
intermediate gear (61) in turn meshing with a helical
gear (62) fitted to said shaft (3f angularly integral
with said second rotary elements (8); said gears (41)
(42) (61)'(62) defining a helical géaf mechanism (63)
housed inside a portion (6@) of an outer casing (2).

11) a variable-speed drive as claimed in one of
the foregoing Claims from 4 to 10, characterized by the
fact that said second rotary elements (8) present
respective end portions (26) éecured to a pair of
supporting disks (23) (24) on either side of said first
(6) and second (8) rotary elements; sai& reaction
element (44) extending outwards of and being connectable
in rotary and axially-sliding—manner to: said supporting
disks (23) (24)} and eﬁch said end portion (26) being

connected to said respective supporting disk (23) (24)

by articulated means (27) enabling said respective

second rotary element (8) to rock to and from the axis
(14) of said first rotary element (6)-

12) A variable-speed drive as claimed in Claim 11,
characterized by the fact that said articulated means
comprise a spherical rarticulated joint (27) in turn

comprising a  first spherical-headed element  (28)

connected in sliding manner to an end portion (26) of a

respective said second rotary element (8) and engaging a
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respective spherical seat (30) formed in a second
element (31) secured to a respective said supporting
disk (23) (24); said second element (31) being secured
to said respective supporting disk (23) (24) via a pair
of pads (33) located on either side of said second
element (31) and connected to said supporting disk (23)
(24) so as to slide radially to and from the axis (14)
of said first rotary element (6); said second element
(31) also pivotingron each said pad (33) so as to rotate
about an axis (38) perpendicular to the axis (14) of
said first rotary element (6).

13) A variable-speed drive as claimed in any one
of the foregoing Claims from 9 to 12, characterized by
the fact that it comprises an angle joint (40; 56)
between each said second rotary element (8) and said
first helical gear (42).

14) A variable-speed drive as claimed in Claim 13,
characterized by the fact that said angle joint (40) is
a double universal joint.

15) A variable-speed drive as claimed in Claim 13,
characterized by the fact that said ahgle joint (56) is
a flexible joint defined by a pair of heads (57)
connected by an elastic element (58) in the form of a
coil spring.

16) A variable-speed drive as claimed in the
foregoing Claims from 13 ﬁo 15, characterized by the
fact that each said angle joint (40; 56) is located

between said first helical gear (42) and the small end
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of said respective second rotary element (8).

17) A variable-speed drive as claimed in the
foregoing Claims £rom 13 to 15, characterized by the
fact that each said angle joint (40; 56) is located
between said first helical gear (42) and the broader end
(20) of said respective second rotary'element (8).

18) A variable-speed drive as claimed in any one
of the foregoing Claims from 13 to 17, characterized by
the fact that said portion (19) of said outer casing
comprises an elongated body (18) extending towards the
end (16) of said first rotary element (6) opposite that
integral with said shaft (4), between said angle joints
(40; 56), and inside a hole (24’) formed in the
supporting disk (24) adjacent to said ahgle joints (40;
56); said first rotary element (6) presenting a free end
connected to the free end of said elongated body (18)
via the interposition of a taperrroller bearing (17);
said shaft (4) integral with said first rotary element
(6) extending through the other (23) of said supporting
disks (23) (24) adjacent to said guide disk (51) of said
rods (49) and through said guide disk (51).

19) A variable-speed drive as claimed in one of
the foregoing Claims from 1 to 3, characterized by the
fact that said control assembly (10) comprise at least a
ring of revolving bodies (45) between said second rotary
elements (8) and a reaction element (44) coaxial with
said first rotary element (6); and actuating means (101,

102) for moving said ring of revolving bodies (45) in
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relation to said first (6) and second (8) rotary
elements; said curved surfaces (7) (9) laterally
defining said first (6) and second (8) rotary elements
being so designed as to maintain said revolving bodies
(45) gripped between said second rotary elements (8) and
said reaction element (44) regardless of the axial
position of said revolving bodies (45)} a rolling
element (82) being provided between each 'said revolving
body (45) and said reaction element (44), for absorbing
the rolling components transmitted by said revolving
bodies (45) to said reaction element (44).

20) A variable-speed drive as claimed in Claim 19,
characterized by the fact that said rolling element (82)
substantially consists of an axial bearing (83) with its
axis (A) substantially perpendicular to the axis (14) of
said output shaft (4); said axial bearing (83)
presenting a through seat (87) for housing respective
idle rollers (91, 92); said rollers (91, 92) having
respective concave outer surfaces (93) cooperating with
the outer surface (94) of each said revolving body (45).

21) A variable-speed drive as claimed in Claim 20,
characterized by the fact that said axial bearing (83)
is fitted to a first end (100) of a control tie (101)
for moving said control device (10) and so moving said
point of contact (P) between said second rotary elements
(8) and said curved surface (7) of said first rotary
element (6).

22) A variable-speed drive as claimed in any one
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of the foregoing Claims, characterized by the fact that
gaid second rotary elements (8) are secured aiially to
one another. N

23) A variable-speed drive as claimed in any one
of the foregoing claims from 4 to 22, characterized by

the fact that said ring of revolving bodies is a ring of

balls (45).

24) A variable-speed drive, particularly for
vehicles, substantially as described and illustrated

herein with reference to the accompanying drawings.

™
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