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(57} ABSTRACT

A transmission device comprising a first rotary element
having two rolling friction surfaces which are of revo-
lution about the axis of rotation of the element, or first
axis, and having a center of symmetry located on the
first axis, the two surfaces of the first element each
being in frictional contact at a single point with one or
the other of two rolling friction surfaces which are of
revolution about a common axis of rotation, or second
axis, and have a center of symmetry located on said
second axis, the first axis and the second axis being
inclined with respect to each other at an angle a and
contained in the same plane, wherein the center of sym-
metry of the surfaces of revolution of the first element
and the center of symmetry of the surfaces of revolution
which are in contact with the first element are coinci-
dent at the same point S, the two surfaces of revolution
about the second axis are formed on two parts con-
nected to rotate with each other of a second element
connected to a first shaft coaxial with the second axis,
the asscmbly formed by the two surfaces of the second
element is different from a sphere, and the first element
is connected to rotate with a second shaft so that the
two points of contact between the first element and
second element are symmetrical with respect to the
common center of symmetry and therefore located on
each side of the second axis and first axis.

18 Claims, 13 Drawing Figures
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TRANSMISSION DEVICE

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

by reissue.

BACKGROUND OF THE INVENTION

This invention relates generally to power transmis-
sion and more particularly to a new and novel power
transmission.

Power transmission devices are known in which a
tiltable block member is driven in a conical or rotational
movement for varying the speed ratio of the input and
output. In some known devices the conical or rotational
movement of the block is combined with other forces
and elements to vary speed ratios or transmit torque.

A known device is disclosed in U.S. Pat. No.
1,728,383 to Weiss in which relatively rolling elements,
one of which is mounted on a block member for conical
movement, are disclosed. A wedge effect is used to
maintain the rolling elements from slipping relatively
for power transmission and variable control of the
speed ratios of the apparatus. However, the contact
forces developed are not sufficient to allow transmis-
sion of large torques. An attempt at transmission of a
large torque in this type of known apparatus results in
loss of energy, due to slippage and wear thereof because
of this slippage with early failure.

Another known transmission is disclosed in U.S. Pat.
No. 3,261,219 (Excelermatic) which discloses a block
and surfaces of revolution formed on two discs which
define an essentially spherical-shaped cavity and are
connected to two spearate shafts. The axis of the block
it laterally offset with respect to the center of symmetry

of the discs so that the block has a rolling contact with 44

the two discs at two points located on the same side of
the axis of the discs at different distances from the axis
of the discs.

In this latter known apparatus the power is transmit-
ted from the first disc to the block and from the block to
the second disc so that the power transmitted by the
apparatus passes in succession through each one of the
contact points and therefore in series so that the energy
losses are relatively high.

Further axial and radial forces due to the pressure of
frictional contact are transmitted to the roller bearings
supporting the block and each of the discs so that these
roller bearings must be of the radial-axial type and as the
forces are very high the bearings must have a large
dimension which results in additional energy losses.

SUMMARY OF THE INVENTION

It is a principal object to provide a power transmis-
sion that overcomes the drawbacks of the known power
transmissions.

Another object is to provide a power transmission
enabling the transmission of high power input torque by
developing relatively simply a contact pressure be-
tween a first element and a second element while at the
same time avoiding the development of axial forces on
the driving shafts.

Another object is to provide a power transmission in
which a torque developing the contact pressure is
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2

readily compensated so that the transmission is bal-
anced.

The power transmission according to the invention
comprises a first element having two axially spaced
closed surfaces of revolution about a first axis and
which define two rolling surfaces on opposite sides of a
plane normal to this first axis. The plane passes through
a point on the first axis. A second element is driven
conically about the point on the first axis and circumfer-
entially of the first axis. The second element likewise
has two or second rolling closed surfaces of revolution
about a second axis and axially spaced on opposite sides
of a plane passing through the point and normal to a
second axis. The second axis intersects the first axis at
said point and is inclined relative to the first axis by an
angle a.

Input torque means are provided having a first shaft
to impart a conical movement to the second element
conically about the point on the first axis and circumfer-
entially of the first axis. The second element is config-
ured and has a mass, and therefore has means, effective
to develop a gyroscopic torque when driven. This gyro-
scopic torque is effective to apply paired rolling sur-
faces of the two elements on each other for relative
rolling thereon and contacting at two areas disposed on
opposite sides of both axis and effective to couple the
first and second element to prevent shding movement
therebetween, Means are provided in the form of a shaft
for taking out an output torque transmitted through the
second element from the input torque means.

Because of the gyroscopic torque developed it is
possible to hold the second element applied to the first
element whatever the value or strength of the power
being transmitted. However, reaction axial forces can
be prevented from being applied to the shaft, since the
contact pressures between the two elements produce
exclusively torques that can be absorbed by the bearings
supporting the radial thrusts, this makes for a light con-
struction.

The power transmission has the advantage of increas-
ing the transmissability of power since the two areas of
contact transmits half the power transmitted since they
work in paraliel.

The power transmission has provision for varying the
speed ratio of the input and output in dependence upon
the position of the two areas relative to the first axis.
This accomplished by means of provision of hydraulic
fluid to a chamber that axially moves two parts consti-
tuting the first element.

The power transmission likewise provides for rota-
tion of the second element relative to the inclined or
second axis.

The surfaces of revolution about the first axis are
disposed symmetrically relative to the plane normal to
the first axis and the surfaces of revolution about the
second axis are disposed symmetrically relative to the
plane normal to the second axis in order to facilitate
balancing of the gyroscopic torque.

An additional feature of the transmission is that the
first element is mobile in rotation around the first axis. A
mechanical coupling means, preferably gears, asso-
ciated with the shafts correlate at least two of the fol-
lowing speeds: those of the second element around the
first axis, and those of the first element around the first
axis.

This particular arrangement has some specific advan-
tages. For example in certain coupling cases, the maxi-
mum output speed is obtained for an angle a equal to 0°,
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which is the equivalent of a direct drive. The second
element and the first element rotate at the same speed
and there 1s no longer displacement of the two areas of
contact on the rolling surfaces so that losses in rolling
friction contact and wear of these surfaces are avoided,
the contact occuring on two circles. Further since the
gyroscopic torque varies as a function of the angle a and
the speeds of the second element around the first and
second axes, the coupling permits a modification of the
evolution of the gyroscopic torque as a function of the
output speed and therefore obtaining of available
torques which are more adapted to the different modes
of operation (constant torque, constant power etc.).

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention will
be apparent from the ensuing description of some em-
bodiments with reference to the accompanying draw-
Ings given by way of example.

In the drawings:

FIG. 1 is an axial sectional view of a mechanical
friction speed vanator device whose rotating inner
element is in the meridian position;

FIG. 2 is a sectional view taken on line II—II of FIG.

1;

F1G. 3 is a sectional view taken on line III—III of

FIG. 1;

FI1GS. 4 and § are partial axial sectional views of

friction surfaces which are modifications of those
shown in F1G. 1;

FIGS. 6, 7, 8 and 9 are partial axial sectional views of

various friction surfaces of a type different from those
shown in FIGS. 1, 4 and §;

FIGS. 10 and 11 are partial axial sectional views of

10

15

20

25

30

speed variators having three shafts between two of 35

which there is provided a rotary coupling by means of
planetary gear trains with a constant ratio in FIG. 10
and a vanable ratio in FIG. 11;

FI1G. 12 1s an axial sectional view of a speed variator
whose three shafts are coupled to rotate through a plan-

etary gear train, and
FIG. 13 1s an axial sectional view of a transmission

mechanism having two speed variators.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The speed variator according to the invention shown
in FIG. 1 comprises a frame A on which is mounted,
through rolling bearings 29, 31, a housing 1 in which are
disposed two elements 2 and 3 which are drivingly

coupled together by friction,
The element 2, or shell, of revolution about an axis 7,

is keyed at 6a to the housing 1 and is constituted by two
hollow half-shells 4, § which are keyed together at 6 so
as to be relatively movable only in the direction of the
general axis 7 of the speed vanator. The half-shells 4, §
each have a concave inner friction surface 8, 9 which 1s
adapted to cooperate with the element 3, or block,
which is of revolution about an axis 12 which makes an
angle a with the axis 7. The two friction surfaces 8, 9 are
identical and symmetrical with respect to a point S on
the axis 7 and on the axis 12 and with respect to a plane
10 perpendicular to the axis 7 and intersecting the point
S. This plane 10 is fixed so that the half-shells 4, $ must
move symmetrically with respect thereto.

The block 3, which is one piece and is disposed in the
inner space defined by the two half-shells 4, 5, has a
cylindrical bore 11 having an axis 12 which constitutes
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the outer race for two ring arrangements of needles 14,
the inner race being formed in the cylindrical surface of
a support 13 having an axis 12 so that this support 13
and the block 3 are relatively rotatable on the axis 12,

As shown in FIGS. 1 and 2, the support 13 has a bore
15 which has a double divergence and i1s coaxial with
the axis 12 and symmetrical with respect to the point S.

Each divergent half-bore of the bore 15 has the shape
of a right prism having trapezoidal bases parallel to the
meridian plane defined by the axes 7 and 12 whose
largest end section 15a 1s rectangular and located on one
end of the support 13 and whose other smaller end
section 15b is also rectangular and located in the plane
16 which passes through the point S and is perpendicu-
lar to the axis 12,

The small section 153b common to the two parts of the
bore 15 has extending therethrough the prismatic exten-
sion 17, for example of square section, of a shaft 18
having an axis 7 and journalled in the housing 1 through
a rolling bearing 30.

The extension 17 i1s inclined with respect to the axis 7.
Its axis 17a passes through the point S and makes with
the axis 7 an angle b. In FIG. 1, the axis 17a has been
shown in the plane of the Figure but when the shaft 18
rotates, it describes a cone having an apex S whose apex
angle is 2b.

‘The support 13 1s connected to the extension 17 by a
pin whose axis 22 passes through the point S and is
perpendicular to the axes 7 and 12. The pin of axis 22 is
for example integral with the extension 17 and is freely
rotatable in the support 13. Its function 1s to center the
support 13 on the point S.

The support 13 and the block 3 may therefore pivot
about the axis 22 of the pin so that the angle a made by
the axes 7 and 12 may vary between a maximum value
and zero. To mention just one case by way of example,
the maximum value b+c of the angle a 1n the case of
pivoting in the direction of the arrow f in FIG. 1, 1s
defined by the contact of two surfaces 15¢ of the respec-
tive half-bores of the support 13, inclined at angle ¢ with
respect to the axis 12 but parallel to each other, with
corresponding surfaces of the prism 17.

The driving of the support 13 by the extension 17 and
vice-versa occurs not through the pin of axis 22 but
through parallel surfaces 15d, 17b in mutual contact of
the bore 18 of the support 13 and of the extension 17, as
shown in FIG. 2.

In order to cooperate with the inner concave friction
surfaces 8 and 9 of the shell 2, the block 3 has at its
respective ends two outer convex friction surfaces 19,
20 which are of revolution about the axis 12 and sym-
metrical with respect to the plane 16.

The surfaces 19, 20 of the block 3 respectively coop-
erate with the surfaces 8, 9 of the shell 2 at two points
P1, P2 which describe, on one hand, on the surfaces 19,
20 in the course of relative movement of the elements 2,
3, two circles having an axis 12 and equal radiu R1
which are symmetrical with respect to the plane 16,
and, on the other hand, on the surfaces 8, 9 two other
circles C1, C2 having an axis [1237 and equal radii R2
which are symmetrical with respect to the plane 10.

In a general way in the present description and in the
claims, these radii R1 and R2 will be defined as radii of
giration respectively of the first element 3 about its axis
12 and of the element 2 about its axis 7 irrespective of
the position of the points P1, P2 along meridian lines
defined by the intersection of the mendian plane con-
taining the axes 12 and 7 with the surfaces 8, 9 and 19,
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20. The variation in the ratio of the radius R1 to the
radius R2 achieved by any means permits the variation
in the ratio of the angular velocities of the element 3
about its axis 12 to that of the element 2 about its axis 7.

According to a particular embodiment, the surfaces
19, 20 have, in meridian section, a circular profile hav-
ing a constant [meidian]) meridian radius r1 so as to
constitute tori, whereas the surfaces 8, 9, also in mend-
ian section, have a profile whose meridian radius of
curvature r2 decreases in the direction away from the
axis 7 so as to constitute surfaces having a toric appear-
ance. -

In a general way in the present description and in the
claims, the expression “toric appearance” characterizes
surfaces of revolution having a variable meridian radius
of curvature r1 or r2.

The rotation of the block 3 about its axis 12 is coupled
to that of a shaft 21 of axis 7 which is journalled in the
housing 1 through a rolling bearing 27 on the opposite
side to the shaft 18 and coaxial with the shaft 18. The
connection between the shaft 21 and the block 3 1s
through a homokinetic joint 23 of the Rzeppa type
which conforms basically to the structure disclosed In
U.S. Pat. No. 2,902,844 but is modified so as to be
adapted to the present structure. It comprises rollers 24
engaged in grooves 80, 81 respectively formed in the
mass of the block 3 and in the extension 82 in the form
of a bell or drum of the shaft 21 which is also provided
with a concave spherical ring 83 in sliding contact with
a convex spherical ring 84 which is attached or formed
on the center part of the block 3 so as to constitute a ball
joint centering the block 3 with respect to the bell 82.
Engaged in each roller 24 is the center part 86 constitut-
ing a ball joint of a pilot rod 87 whose spherical end
portions 88, 89 are engaged in cavities having radial
axes 91, 92 respectively provided in the block 3 and in
the bell 82. The center of the rollers 24 is thus main-
tained substantially in the plane 25 bisecting the dihe-
dral formed by the planes 10, 16.

Adjacent the shaft 18 the half-shells 4, § form radial
walls 4c, 5a which define an annular chamber 32, The
radial wall Sa terminates in a cylindrical sleeve 26
which is axially slidable on the shaft 18 with interposi-
tion of O-rings 28. The inner edge of the radial wall 4¢
is axially slidable on the outer surface of the sleeve 26
with interposition of an O-ring 33.

In order to modify the relative axial position of the
half-shells 4, 5, that is to say, vary the angle a, mechani-
cal, hydraulic, electromagnetic, electromechanical or
other means may be employed. A hydraulic arrange-
ment will be described by way of example.

Bolted at 95 to the frame A is cover 96 through which
the shaft 18 extends and in which is formed a connec-
tion 97 for connection to a source of liquid, this connec-
tion communicating by way of a radial passage 98
formed in the cover 96 with an annular groove 99 sur-
rounding the shaft 18 and rendered fluidtight by O-rings
100. This annular groove 99 is connected to the annular
chamber 32 by way of radial passages 101, 102 and an
axial passage 79 formed in the shaft 18 and through a
radial passage 103 formed in the sleeve 26, The radial
passages 102, 103 communicate with an annular groove
104 surrounding the shaft 18 and sealed by O-rings 28.
The volume of liguid introduced in the chamber 32
from the source positively determines the relative axial
position of the two half-shells 4, S.

Adjacent the shaft 21, there is fixed by screwing at
106 to the tubular portion of the housing 1 constituting
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6
a hollow shaft 105, a flange 107 for receiving rotary
motion coaxial with the axis 7.

The force required for driving by the effect of friction
in the region of the points P1, P2 is produced by the
gyroscopic torque which is established about the axis 22
perpendicular at S to the rotating plane of the axes 12
and 7 (arrow f) and is a function of:

the speed of rotation of the shaft 18 about the axis 7

the speed of rotation of the block 3 about its axis 12;

the moment of inertia of the block 3 relative to its axis

12;
the moment of inertia of the block 3 relative to an axis
contained in the plane 16;

the angle a.

The main moments of inertia of the block 3 are so
chosen that this torque tends to pivot the block 3 and to
apply it simultaneously against the two half-shells 4, 5
whose relative axial position thus defines the angular
orientation of the assembly 13, 14, 3 and consequently
the value of the angle a, the liquid contained in the
chamber 32 constituting an incompressible liquid abut-
ment so that the two half-shells 4, § cannot move apart
from each other. The angle a can therefore only be
varied by varying the axial position of the half-shells 4,
5 under the effect of the variation in the volume of
liquid in the annular chamber 32,

In operation, in the most general case, when the three
shafts 18, 21, 105-107 rotate, and with the speed of
rotation of the shaft 18 about its axis 7 being termed a,
the speed of rotation of the shaft 21 about its axis 7 being
termed B, the speed of rotation of the two half-shells 4,
§ about said axis of revolution 7 being termed o (identi-
cal to the speed of rotation of the housing 1-105-107
about its axis 7), the distance between each one of the
two points of contact and the axis 12 of the block 3
being termed R1, the distance between each one of the
two points of contact and the general axis 7 of the ma-
chine being termed R2, the general equation of the
speeds is written:

& — &+ (@ — B X(RI/R)) =0

the radii R1 and R2 being variable when the angle a
varies. |

In the very particular case where it is for example
assumed that the shaft 18 is the driving shaft and the
shaft 21 is the receiving shaft and that the shaft 105-107
is prevented from rotating, the shaft 18 imparts a move-
ment of rotation about the axis 7 to the support 13
whose axis 12, which is inclined at the angle a to the axis
7. describes a cone having an apex S and an apex angle
of 2a. The block 3 is subjected to the same conical
movement as the support 13 but is free to rotate about
its axis 12 owing to the effect of the rolling bearings 14.
As it is applied automatically at the two points P1, P2
against the half-shells 4, 5 which are prevented from
rotating, the block 3 is driven about its axis 12 by reac-
tion at a speed of rotation which is different from that of
the shaft 18, This speed is a function of the angle a and
is transmitted through the joint 23 to the output shaft
21. In this particular case, the output speed B is related
to the input speed & by the equation:

2 = & (1-R2/R1).

In the very special case where it is for example as-
sumed that the shaft 18 is the driving shaft, the shaft
105-107 is the driven shaft and the shaft 21 is prevented
from rotating, the shaft 18 imparts a movement of rota-
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tion about the axis 7 to the support 13 whose axis 12,
which is inclined at the angle a to the axis 7, describes a
cone having an apex S and an apex angle of 2a. The
block 3 is subjected to the same conical movement as
the support 13 but cannot rotate about its axis 12 owing
to its homokinetic connection with the shaft 21 which is
prevented from rotating. As it is applied at the two
points P1, P2 against the two half-shells 4, 5, the block
3 drives the latter at a speed of rotation different from
that of the shaft 18, This speed is a function of the angle
a and is transmitted by the keying 6a to the housing 1
and therefore to its extensions 105-107, In this particu-
lar case, the output speed w is related to the input speed
a by the equation:

& = d (1—RI1/R2).

It is arranged, as shown in FIGS. 1, 4-9, to employ
different categories of points of contact P1, P2 and
shapes of surfaces of revolution 19, 20 of the first ele-
ment 3 and surfaces 8, 9 of the second element 2 adapted
to the different envisaged applications.

The two points of contact P1, P2 can indeed be such
that R1 exceeds R2, as shown in FIGS. 1, 4 and §, so
that the gyroscopic torque tends to move the two parts
4, 5 of the element 2 away from each other, or such that
R1 is less than R2, as shown in FIGS. 6 to 9, so that the
gyroscopic torque tends to move the parts 4, 5 of the

i0

15

20

25

element 2 towards each other, the choice of one or the

other of these categories of contact points moreover
resulting in different ranges of speed variations for the
same amplitudes of variation of the ratio R1 to R2 and
in devices having different overall sizes.

The choice of possible different forms for the friction
surfaces 8, 9 and 19, 20 of the two contacting elements
2 and 3 results in different laws of evolution of the
power as a function of the output speed variation range
and in different performance levels as to efficiency
which permits an adaptation of the speed vanator to
each particular application. The shapes of these four
friction surfaces, identical in pairs, may be character-
ized in accordance with the known Hertz theory by the

examination, in respect of each considered surface, of

the magnitudes and signs of two radii of curvature

termed main radii and defined at the considered point of

contact in two perpendicular planes passing through
this point of contact. The first of these planes in mend-
ian, that is to say, it passes through the axis of revolution
of the considered surface so as to define the meridian
radii of curvature at the point of (r1 and r2 respectively
for the surfaces 19, 20, on one hand, and 8, 9, on the
other hand, as shown in FIG. 1). The second of these
planes is perpendicular to the former and contains the
normal common to the two surfaces at the point of
contact (line III—III in FIG. 1) and permits the defini-
tion of the transverse radii of curvature at the point of
contact (r3 and r4 respectively for the surfaces 19, 20,
on one hand, and 8, 9, on the other hand, as shown in
FIG. 3). The negative signs are assigned to the radii of
curvature corresponding to a concave surface line in
the considered plane, the positive signs to the radii of
curvature corresponding to a convex surface line in the
considered plane. By way of example, in FIG. 1, as the
meridian line of 19 and 20 is convex, rl is positive and as
the meridian line of 8 and 9 is concave, r2 is negative. In
FIG. 3 as in the transverse perpendicular plane the
transverse line T3 is convex, r3 is positive and as the
transverse line T is concave, r4 is negative. In this par-
ticular case, the surfaces 19, 20, characterized by rl1, 13
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positive, are said to be convex-convex and the surfaces
8, 9, characterized by r2 and r4 negative, are said to be
concave-concave, these main radii having to satisfy the
two conditions r1 <r2 and r3 <r4. It is envisaged in the
device according to the invention to employ all the
shapes of the friction surfaces 8, 9 and 19, 20 generated
by positive, negative or infinite values of any one be-
tween the four main radii of curvature rl, r2, r3, r4.
Certain particular cases of the shape of these friction
surfaces are shown in FIGS. 4 t0 9.

In FIG. 4, the friction surfaces 8, 9 formed on the
radii portions 4a, Sa are planar (12 = o, 14 = ®),
whereas the friction surfaces 19, 20 of the block 3 which
are, as in FIG. 1, convex-convex (r1> 0, r3> 0) are
formed on end ridges 3a of toric profile,

In FIG. 5, the friction surfaces 8, 9 of the half-shells 4,
5 are concave-convex (r2 <0, r4 > 0) and are formed
on the outer surfaces of axial bosses 4d, Sd which extend
from the radial portions 4a, 5a inside the block 3 at the
ends of the latter which is hollowed out for this purpose
while receiving the contact of the ridges 3a.

In FIGS. 6 to 9, in which R1 < R2, the surfaces of
revolution 8, 9 are formed on annular portions 4e, Se
which are connected to the inner surface of cylindrical
portions 4b, 5b of the parts 4, 5 of the element 2. Corela-
tively, the surfaces of revolution 19, 20 are formed on
toric ridges 3a provided at the axial ends of two flanges
3b which have a generally cylindrical shape and extend
inwardly, in facing relation, from the ends of the ele-
ment 3. In this case, as shown in FIGS. 6 to 9, to define
the value of the ratio R1/R2 a hydraulic abutment 1s
provided by the chamber 32, supplied with liquid and
defined between the two annular relatively slidable
portions 4e, Se so as to fix the relative axial position to
which the two parts 4, 5 of the element 2 are brought
under the thrust exerted by the ridges 3a of the element
3.

In FIG. 6, each of the friction surfaces 8, 9 is convex-
convex (r2> 0, r4> 0) whereas the friction surfaces 19,
20 are convex-concave (r1 > 0, r3 —0).

In FIG. 7, the friction surfaces 8, 9 are planar (r2 =
o, 4 = oo ) and the friction surfaces 19, 20 are convex-
convex (rl > 0, r3 > 0).

In FIG. 8, the friction surfaces 8, 9 are convex-con-
cave (r2> 0, r4 < 0) and the friction surfaces 19, 20 are
convex-convex (rl1 > 0, r3 > 0).

In FIG. 9, the friction surfaces 8, 9 are concave-con-
cave (r2 < 0, r4 < 0) and the friction surfaces 19, 20 are
convex-convex (rl1 < 0, r3 < 0).

It will be understood that in all cases where the fric-
tion surfaces 8, 9 of the second element are not planar
(FIG. 1, FIG. 5, FIG. 6, FIG. 8, FIG. 9), it is possible
to substitute for the toric profiles or profiles having a
toric appearance which have been illustrated a conical
profile as indicated in dotted line (8a,9a) in the Figures.

By analogy with a conventional planetary train,
which has gears or does not have gears, defined by
three main elements, central sun, ring sun, planet carrier
carrying one or more planets each of these three main
elements assuming either an input function (driving) or
an output function (receiving) or a reaction function
(element controlled as concerns its rotation, coupled or
not coupled with at least one of the two others or pre-
vented from rotating), the device according to the in-
vention has three shafts 1085, 18, and 21 which is con-
nected to rotate with the element 3, and these three
shafts constitute three elements each of which elements
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is capable of assuming one of the three planetary func-
tions, the remaining two functions being each assumed
by one or the other of the two remaining shafts. In
particular, in the case where the function of reaction
consists in controlling as concerns rotation the element
which assumes this function, this control may be
achieved for example by a coupling to rotate with one
and/or the other of the two remaining elements.

It may consequently be provided in the device ac-
cording to the invention to couple any one of the three
shafts 105, 21, 18 either with either of the other shafts
(FIGS. 10 and 11) or with the other two shafts (FIG.
12) by coupling means which may be constituted, for
example, by planet trains which may have gears or not.

FIG. 10 shows the partial meridian section of the
device shown in FIG. 1 in which there is provided a
coupling as concerns rotation between the coaxial shafts
1-105-107 and 18 so that the angular velocities of these
two shafts are in a constant given ratio whatever the
value of R1/R2 be. For this purpose, the shaft 18 having
the axis 7 is freely journalled in an annular member 111
having an axis 7, connected at 117 to the frame A and
therefore prevented from rotating, through rolling
bearings 118. The housing 1-105-107 is mounted to
freely rotate about the axis 7 by the provision of rolling
bearings 29 carried by the annular member 111 integral
with the frame A. The rotating housing 1-105-107 is
connected to rotate about the axis 7 through 116 with an
annular member 110 having an axis 7 which carries on

its inner part gear teeth and constitutes the ring gear of 30

the coupling planetary train.

The shafts 18 of axis 7 is connected to rotate with a
plate 114 which carries on its periphery gear teeth con-
stituting the center sun gear of the coupling planetary
train. The sun gear 114 and the ring sun gear 110 are
coupled through one or more planet gears 113 which
freely rotate with respect to their shafts 112 of axis 1135
owing to provision of rolling bearings 119, for example
needle bearings. The shafts 112 are integral with the
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annular member 111 which performs the function of 40

planet gear carrier and is prevented from rotating. The
shafts 105 and 21 (not shown) remain arranged and
accessible as shown in the right part of FIG. 1. The
control of the axial position of the two parts 4, S of the
element 2 is achieved, for example hydraulically as in
the embodiment shown in FIG. 1, through the connec-
tion 97 leading to a source of liquid.

FIG. 11 is a partial meridian sectional view of the
device shown in FIG. 1 in which there has been pro-
vided a coupling as concerns rotation between the ro-
tating housing 1 and the coaxial shaft 21 permitting
variation of the ratio of the angular velocities of these
two elements when R1/R2 varies. In this particular
case, the two elements 1 and 2 are coupled through a
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planet gear train so as to constitute a fourth shaft 120 of 55

axis 7 performing an input or output function. The shaft
21 is then no longer accessible directly from the exterior
as in FIG. 1, there remaining only the shaft 18, as on the
unchanged left part of FIG. 1, and the shaft 120 which
are coaxial and share the functions of input or output
and vice-versa.

The housing 1 is freely rotatable about its axis 7
through rolling bearings 27 carried by the shaft 21 of
axis 7, as in FIG. 1, and through an annular member 121
connected to rotate with the housing 1 through 122, this
annular member 121 constituting the planet gear carrier
of the coupling planetary train. The shaft 21 is con-
nected to rotate with a plate 127 which carries on its
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periphery gear teeth which mesh with gear teeth of one
or more planet gears 125 which have axis 124 and are
freely rotatable relative to their shaft 123 owning to the
provision of rolling bearings 126, for example needle
bearings. The shafts 123 of these planet gears are inte-
gral with the rotating annular member 121. The shaft
120 is extended by a sleeve 130 which is journalled in
the frame A through rolling bearings 129 and rotatably
mounted on the shaft 21 by rolling bearings 128, the
extension of the sleeve 130 having axis 7 carrying in its
inner surface gear teeth which mesh with gear teeth of
the planet gear or gears 123.

FIG. 12 shows a new arrangement of the speed varia-
tor shown in FIG. 1 in which the three shafts 105, 21
and 18 are coupled to rotate with three elements consti-
tuting a planetary gear train while remaining directly
accessible from the exterior so as to each assume one of
the three planetary functions of input, output or reac-
tion. For this purpose, the device according to the in-
vention has a block 3 arranged to permit the passage
therethrough of the shafts 18 and 21. The block 3 has a
web 3p constituted by a number of radial arms whereby
it is possible to connect its outer part 3x to its inner part
3y. The shaft 21 having axis 7 comprises two parts, 21a
and 21b, extending by two bells 82a and 82b constituted
partly by arms passing between the radial arms of the
web 3p, said two bells being integral with each other at
131. The part 21a of the shaft 21 is connected through
gears 134 to rotate with an output flange 135 having axis
7 which is therefore accessible from the exterior as in
the embodiment shown in FIG. 1. The part 21b of the
shaft 21 is connected at 132 to rotate with a plate 133
having axis 7 which constitutes the planet gear carrier
of the coupling planetary train. The shaft 18 having axis
7 is constituted by two parts 18a and 18b whose exten-
sions 17e and 17f, which extend through the support 13
of the block 3, are rendered integral with each other at
136. The part 18a of the shaft 18 is accessible from the
exterior as in the embodiment shown in FIG. 1. The
part 18b of the shaft 18 is connected to rotate with a
plate 143 having axis 7 which has on its periphery gear
teeth so as to constitute the center sun gear of the plane-
tary gear train. The centre sun gear 143 meshes with
one or more planet gears 144 having axis 146 and freely
rotatably mounted on their shafts 149 by rolling bear-
ings 145, for example needle bearings. The shafts 149 of
these planet gears are integral with the planet gear car-
rier 133. These planet gears mesh with gear teeth
formed on the inner surface of the housing 1 so as to
constitute the outer sun gear of the planetary gear train.
The housing 1-105 is mounted to rotate freely about its
axis 7 in the frame A through rolling bearings 139 and
140, The shaft 21 is mounted to rotate freely about its
axis 7, on one hand, by its extension 133 through the
rolling bearing 141 in the extension 147 which is con-
nected at 148 to rotate with the housing 1 and, on the
other hand, in the housing 1 through the rolling bearing
142. The shaft 18 is freely rotatable about its axis 7 in the
shaft 105 through the rolling bearing 138 and in the part
21a of the shaft 21 through a needle bearing 137.

The control of the axial portion of the parts 4, 5 of the
element 2 is ensured hydraulically by the supply or
withdrawal of liquid in the annular chamber 32 through
a branch connection 97 then through a series of passages
which lead from this connection to the chamber 32
through the housing 1 and then through its extension
147 and finally through the cylindrical extension 150 of
the part 5 of the element 2.
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FIG. 13 1s an axial sectional view of a transmission
mechanism constituted by two transmission devices of
the type shown in FIG. 1 and having the same general
axis 7 and mounted one after the other along this gen-
eral axis, their three shafts 105, 21, 18 being common
and arranged in such manner that the gyroscopic
torques, which permit the transmission of power be-
tween the elements 3A, 2A, on one hand, and 3B, 2B, on
the other, and are transmitted through the element 2A
and 2B to the frame A, are opposite and substantially
equal.

For this purpose, the transmission mechanism is con-
stituted by two speed variators according to the inven-
tion having a common housing 1 by the connection at
152 of two housings 1A and 1B, which common hous-
Ing 1s extended as in FIG. 1 by a shaft 105 integral with
an output flange 107 accessible from the exterior of the
mechanism. This housing 1-105-107 1s mounted to be
freely rotatable about its axis 7, at its ends, in the frame
A by two rolling bearings 31 and 29 as in the case of the
embodiment shown in FIG. 1 and, at its center, about
the shaft 21 common to the two speed variators through
a rolling bearing 153 and an annular member 151 having
axis 7 integral at 152 with the housing 1. The shaft 18
having axis 7 extends through the support of the block
3B, as shown in FIG. 12, and terminates in an inclined
extension in the block 3A, as shown in FIG. 1, This
shaft 18, accessible from the exterior as in the embodi-
ment shown in FIG. 1, is mounted to be freely rotatable
about 1ts axis 7, on one hand, in the housing 1 by rolling
bearings 30 as is the embodiment shown in FIG. 1 and,
on the other hand, in the hollow shaft 21 in the center of
the mechanism, by needle bearings 154.

The shaft 21 having axis 7 which constitutes, first, in
the center of the mechanism, a hollow output or input
shaft of the homokinetic joint of the block 3B, extends
through the block 3A as shown in FIG. 12 and termi-
nates in a solid shaft 21 accessible from the exterior as in
the embodiment shown in FIG. 1. This shaft 21 is
mounted to be freely rotatable with respect to the shaft
18 and housing 1 about its axis 7, on one hand, in the
center of the mechanism, by rolling bearings 154 and
153 and, on the other hand, at its free end in the housing
1-105-107 by rolling bearings 27.

The two speed vanators arranged in this way operate
in parallel and not in series. The four points of contact,
namely P1 and P2 between the block 3B and the parts
4B and 5B of the element 2B and P3 and P4 between the
block 3A and the parts 4A and SA of the element 2A
each transmitting one quarter of the power transmitted.

The stimultaneous control of the variation in the
speed, ensured hydraulically thrugh the orifices 97A
and 97B to the annular chambers 32A and 32B, is so
designed that the blocks 3A and 3B having axes 12A
and 12B are inclined in opposition at the same angle a to
the axis 7. The transmission mechanism thus arranged
consequently has three coaxial shafts 105, 21, 18 each of
which shafts may perform, as in the speed variator
shown in F1G. 1, one of the input, output and reaction
functions, the remaining two shafts performing the re-
maining two functions.

Having now described my invention, what I claim as
new and desire to secure by Letters Patent is:

1. A power transmission comprising, a first element
comprising two axially spaced closed surfaces of revo-
lution about a first axis defining two rolling surfaces on
opposite sides of a plane normal to said first axis and
passing through a point on said first axis, a second ele-
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ment driven conically about said point on the first axis
and circumferentially of said first axis, said second ele-
ment having two second rolling closed surfaces of revo-
lution about a second axis and axially spaced on oppo-
site sides of a plane passing through said point and nor-
mal to said second axis, said second axis intersecting
said first axis at said point and being inclined to the first
axis by an angle a, input torque means comprising a first
shaft to impart conical movement to said second ele-
ment conically about said point on the first axis and
circumferentially of said first axis, said second element
having means effective to develop gyroscopically when
driven a gyroscopic torque effective for applying said
rolling surfaces on each other for relative rolling
thereon and contacting at two areas disposed on oppo-
site sides of both axes and effective to couple said first
and second element, to prevent a sliding movement
therebetween, the forces applying said rolling surfaces on
each other consisting essentially of forces mechanically
applied to said first and second elements, said mechani-
cally applied forces including said gyroscopic torque, and
means comprising a second shaft connected for taking
out an output torque transmitted through said element
from said input torque means.

2. A power transmission recording to claim 1, in
which said input torque means to impart conical move-
ment to said second element includes means mounting
said second element for rotation around the second axis.

3. A power transmission according to claim 2, in
which the center of gravity of said second element is
disposed at a point of intersection of said first axis and
said second axis.

4. A power transmission according to claim 2 includ-
ing a stationary frame mounting said first and second
element, and said point of intersection being disposed
stationary axially relative to said frame.

5. A power transmission according to claim 3, in
which said first element comprises two parts each defin-
ing thereon a corresponding rolling surface of the first
clement and effective to vary the relative speed be-
tween the first shaft and said second shaft in depen-
dence upon the position of said two areas relative to the
axis, means joining the two parts for joint rotation and
for allowing relative axial movement to vary the posi-
tion of the rolling surfaces thereof to the first axis, and
means to vary the axial position of said two parts rela-
tive to said first axis.

6. A power transmission according to claim 5, in
which said means to vary the axial position of said two
parts relative to said first axis comprises means defining
a fluid chamber in conjunction with said two parts for
receiving fluid under pressure therein for moving said
two parts axially relatively.

7. A power transmission according to claim 2, in
which said surfaces of revolution about said first axis are
disposed symmetrically relative to said plane normal to
said first axis, and said surfaces of revolution about said
second axis are disposed symmetrically relative to said
plane normal to said second axis.

8. A power transmission according to claim 7, includ-
ing means comprising said first element and said second
element to vary the relative speed between the first
shaft and the second shaft as a function of the position of
said areas relative to the axis.

9. A power transmission according to claim 1, in
which said input torque means to impart conical move-
ment to said second element comprises a support ele-
ment mounting said second element for rotation around
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the second axis, means mounting the support element
for rotation with said first shaft, and means on the first-
mentioned means for mounting said support element for
tilting about a pivot axis disposed at said point perpen-
dicular to the first and second axis.

10. A power transmission according to claim 9, in
which said means mounting the support element for
rotation with said first shaft comprises an axial exten-
sion on said first shaft, and said pivot axis being disposed
on said extension.

11. A power transmission according to claim 10, in
which said extension is offset from said first axis.

12. A power transmission according to claim 10, in
which said support element comprises a longitudinal
prismatic bore having a longitudinal axis corresponding
to said second axis and having opposite sides each di-
verging from said point and lateral opposed flat sides
parallel to first and second axis, said extension having
opposite flat sides substantially abutting corresponding
flat sides of said prismatic bore for relative sliding
movement therebetween.

13. A power transmission according to claim 1, in
which said input torque means to impart conical move-
ment to said second element includes means mounting
said second element for rotation around the second axis,
and including means mounting said first element for
rotation around the first axis.

14. A power transmission comprising, a first element
comprising two axially spaced closed surfaces of revo-
lution about a first axis defining two rolling surfaces on
opposite sides of a plane normal to said first axis and
passing through a point on said first axis, a second ele-
ment driven conically about said point on the first axis
and circumferentially of said first axis, said second ele-
ment having two second rolling closed surfaces of revo-
lution about a second axis and axially spaced on oppo-
site sides of a plane passing through said point and nor-
mal to said second axis, said second axis intersecting
said first axis at said point and being inclined to the first
axis by an angle a, means comprising a first shaft to
impart conical movement to said second element coni-
cally about said point on the first axis and circumferen-
tially of said first axis, said second element having
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third shafts for correlating the relative speeds of the
three shafts.

15. A power transmission comprising a first element
comprising two axially spaced closed surfaces of revo-
lution about a first axis defining two rolling surfaces on
opposite sides of a plane normal to said first axis and
passing through a point on said first axis, a second ele-
ment driven conically about said point on the first axis
and circumferentially of said first axis, said second ele-
ment having two second rolling closed surfaces of revo-
lution about a second axis and axially spaced on oppo-
site sides of a plane passing through said point and nor-
mal to said second axis, said second axis intersecting
said first axis at said point and being inclined to the first
axis by an angle a, input torque means comprising a first
shaft to impart conical movement to said second ele-
ment conically about said point on the first axis and
circumferentially of said first axis, said second element
having means effective to develop gyroscopically when
driven a gyroscopic torque effective for applying said
rolling surfaces on each other for relative rolling
thereon and contacting at two areas disposed on oppo-
site sides of both axis and effective to couple said first
and second element to prevent a sliding movement
therebetween, means comprising a second shaft con-
nected for taking out an output torque transmitted
through said second element from said input torque
means, and compensating means to compensate for the
gyroscopic torque developed by said second element.

16. A power transmission according to claim 13, in
which said compensating means comprises means de-
veloping a second gyroscopic torque of opposite direc-
tion to the first-mentioned gyroscopic torque.

17. A power transmission comprising a first element
comprising two axially spaced closed surfaces of revolution
about a first axis defining two rolling surfaces on opposite
sides of a plane normal to said first axis and passing
through a point on said first axis, a second element coni-
cally revolvable about said point on said first axis and
circumferentially of said first axis, said second element
having two rolling closed surfaces of revolution about a
second axis and axially spaced on opposite sides of a plane
passing through said point and normal to said second axis,
said second axis intersecting said first axis at said point and

means effective to develop gyroscopically when driven 45 being inclined at an angle with respect to said first axis,

a gyroscopic torque effective for applying said rolling
surfaces on each other for relative rolling thereon and
contacting at two areas disposed on opposite sides of
both axis and effective to couple said first and second
element to prevent a sliding movement therebetween,
said means to impart conical movement to said second
element including means mounting said second element
for rotation around the second axis, means mounting
said first element for rotation around the first axis, a
second shaft connected to said second element for rota-
tion therewith upon rotation thereof about said second
axis, a third shaft connected to said first element for
rotation therewith, one of said first, second and third
shafts constituting an input shaft and another of said
second and third shafts constituting an output shaft,
means connecting at least two of the first, second and
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said second element having means effective to develop
gyroscopically when revolved, a gyroscopic torque effective

for applying said rolling surfaces on each other for relative

rolling thereon and contacting at two areas disposed on
opposite sides of both of said axes and effective to couple

said first and second element, the forces applying said
rolling surfaces on each other consisting essentially of

forces mechanically applied to said first and second ele-

ment, said mechanically applied forces including said
gyroscopic torque.

18. A power transmission as recited in claim 17 including
mechanical means to develop a driving torque at the rolling
surfaces of one of said elements to be transmitted as a
driven torque from the rolling surfaces of the other of said

elements.
B | % * L
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