1 600 972

10

15

20

25

30

35

40

45

PATENT SPECIFICATION

(21) Application No. 33904/76

(51) INT.CL.>  F16H 15/38

(52) Index at Acceptance
F2D 7Bl

(72) Inventor: RAYMOND SHARPE

(22) Filed 14 Aug. 1976
(23) Complete Specification Filed 8 Aug. 1977
(44) Complete Specification Published 21 Oct. 1981

(11)

(54) VARIABLE SPEED TRANSMISSION SYSTEMS

(71) We, LUCAS INDUSTRIES LI-
MITED, a British Company of Great King
Street, Birmingham B19 2XF, England, do
hereby declare the invention for which we
pray that a Patent may be granted to us and
the method by which it is to be performed,
to be particularly described in and by the
following statement:-

This invention relates to variable ratio
frictional drive gears of the kind comprising
basically two axially spaced torus discs or
rotors, one serving as an input and the other
an output, between which there is a set of
circumferentially spaced drive rollers in
frictional rolling contact with part toroidal
surfaces on the discs, each roller being
rotatably mounted in a bearing structure
which can tilt about an axis at right angles to
the axis of rotation of each roller so as to
vary the distances from the gear axis at
which the roller engages the two discs

‘respectively, thus varying the drive ratio of

the gear. The angle of tilt of the roller
bearing structure as it controls the drive
ratio of the gear, is called the ratio angle.

One way of changing the ratio angle is to
provide means to apply a force to each of
the roller bearing structures to move it
generally tangentially with respect to the
gear axis. This causes the rollers to take up a
new ratio angle because forces are applied
to the rollers so that they take up new
equilibrium positions. Equilibrium only
occurs when the axis of each roller intersects
with the gear axis. In order that the rollers
will steer themselves towards such equilib-
rium positions, the roller bearing structures
are so mounted that the structures can tilt at
angles which are inclined to a plane perpen-
dicular to the gear axis. This angle of
inclination is called the caster or camber
angle. Gears of this general construction are
referred to as gears with tangentially con-
trolled roller bearing structures. Such a
drive gear will for convenience herein be

described as being of the kind specified.

This invention is particularly, though not
exclusively, concerned with gears in which
the plane of each roller, normal to the axis
of rotation of the roller and passing through
the points of contact of the roller with the
two opposed torus discs, contains the axis
about which the roller tilts, being tangential
to the torus centre circle (i.e. the locus of
the centre of the circle revolved to generate
the torus) as distinct from gears in which the
same plane for each roller is closer to the
main axis of rotation of the gears.

The input must rotate in the direction in
which it tends to drag each roller against the
control force which controls the tangential
position of the rollers. The caster angle must
be such that each roller tilt axis is inclined
away from the input disc in the direction of
movement of the disc. This criterion arises
out of the fact, as previously stated, that
stable operation at any given ratio angle
occurs when the axis of rotation of each
roller passes through the gear axis. Unless
the caster angle is in the sense just referred
to, tangential displacement of a roller (by
virtue of an increase or decrease in the load
on the gear or in controlling fluid pressure)
will result in the torus discs producing a
steering force on the roller which will tilt the
roller in the direction opposite to that which
is required to move the roller axis back to
intersect the gear axis, so that the rollers will
be moved away from, instead of towards,
their new stable positions.

In general, the larger the caster angle, the
more stably the rollers tend to maintain
their ratio angles and consequently the more
reliably the apparatus operates. This is of
particular importance when the apparatus is
run at very high rotational speeds, perhaps
up to 20,000 revolutions perminute, though
there are operating conditions in which
maximising the caster angle is not so impor-
tant.
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There have, in the past been many
attempts to achieve ease of adjustment of
the rollers with reliable operation of the
apparatus, this is with minimum wear and
maximum power transmission from the in-
put to the output, and while many of them
are satisfactory, most have some short
comings, being particularly not well suited
for all operating conditions, though good in
some.

It is the object of this invention to
provide a transmission system of the kind
specified in which the efficiency is maxi-
mised for a wide range of operating condi-
tions.

According to the invention there is pro-
vided a transmission system of the kind
specified wherein the means for moving
each of the roller bearing structures general-
ly tangentially of the gear axis is arranged to
apply a force to said structure, application
of said force to the bearing structures being
in a direction non-parallel with respect to
the plane which is perpendicular to the gear
axis, to cause the rollers to steer to positions
in which the ratio angle is changed, means
being provided for accommodating move-
ment of the roller bearing structures rela-
tively to the gear axis, in a direction parallel
to the gear axis.

The invention will now be described by
way of example with reference to the
accompanying drawings in which:-

Figure 1 is a cross-sectional view showing
a transmission system constructed in accord-
ance with the invention,

Figure 2 is an enlarged view of the rotors
and rollers as seen in the direction of the
arrow 2 in Figure 1 and partly in cross-
section,

Figure 3 is a fragmentary and diagramma-
tic view of an alternative construction, and

Figure 4 is a fragmentary view of a further
alternative form.

The transmission system is principally
designed for use in driving aircraft accessor-
ies and in particular an alternator. The
alternator is driven from an aircraft main
engine but is required to be rotated at
constant speed. The transmission is there-
fore designed for various input speed, but
constant output speed. It is however, to be
understood that transmission incorporating
the invention as herein defined can be used
in transmission of this sort with other
operating characteristics including constant
input and variable output speed and vari-
able input as well as output speeds.

Referring first to Figure 1, the general
layout of the transmission is illustrated. The
system includes a variable ratio drive unit
having three rotors 10, 11, 12 which have
respective part toroidal surfaces 10a, 1la,
and 12a and 12b respectively. The rotor 12,
is situated mid-way between the rotors 10

and 11, and is provided with its part toroidal
surfaces 12a, 12b, on opposite axially pre-
sented sides thereof. The rotor 10 has its
part toroidal surface 10a presented towards
the surface 12a, similarly the surface 11a of
the rotor 11 is presented towards the surface
12b of the central rotor 12. The rotors 10, 11
are input rotors and the rotor 12 is an output
rotor. However, the system will operate
perfectly satisfactorily with the rotors 10, 11
as output and the input is the rotor 12.
Situated between the rotors 10, 12 and 11,
12 are respective sets of flat rollers 13, 14.
These are rotatable in a manner which will
be described and are for this purpose carried
in respective bearings 15, 16. The rollers are
shown in Figure 1 in positions in which they
engage the respective surfaces 10a, 124, and
11a, 12b, at different distances from the axis
of rotation of the rotors 10, 11, 12. Such axis
is identified at 17. The rotors 10, 11, are
carried non-rotatably upon a hollow shaft
18. This is supported on suitable fixed
structure 22, by means of bearings 19, 20
situated near its opposite ends respectively.

The input rotor 10 has on its external
periphery, gear teeth 23, engaging with a
gear ring 24, on a hollow stepped shaft 25.
This hollow stepped shaft is mounted for
rotation about an axis 26, parallel with the
axis 17. Connecting the hollow stepped shaft
25, with a surrounding sleeve 27, is a clutch
28. The sleeve 27, has gear teeth 29,
meshing with a gear (not shown) which
drives auxiliary equipment which forms no
part of this invention.

The output rotor 12 has external gear
teeth 30 and this represents the output of
the drive unit.

Driving the shaft 18, through gear teeth
34, thereon is a gear wheel 35, which is
carried on a further hollow sleeve 36.
Between the sleeve 36, and an input shaft
37, with, at one end, dogs 38, is a coupling
incorporating an intermediate slidable
sleeve 39, and an element 40, which is
arranged to melt and allow the sleeve 39 and
hence the shaft 37 to move under the
influence of springs 31 in the event of this
part of the system reaching a temperature in
excess of a predetermined value, to discon-
nect the input drive from the system. This
forms the subject of co-pending Patent
Application No. 33909/76 (Serial No.
1600976).

To load the rotors 10, 11, 12 and the
rollers 13, 14 so as to maintain frictional
contact between them, there is an end load
device within a housing 41, secured by
screws 42, to the rotor 11, at the side thereof
remote from its part toroidal surface 1la.
Defined within the space between the rotor
11, and the housing 41, are cavities 43, 44,
for hydraulic fluid. Within the cavities are
respective pistons 45, 46, mounted on the
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shaft 18. In the end of the shaft 18 is a rotary
fluid joint 21 engaged in the fixed structure
22. Furthermore in this end of the shaft 18,
are drillings 47, 48 for supply and exhaust of
fluid to the cavities 43, 44. The passage 48
communicates with the joint 21 for sup-
plying high pressure fluid fed at one side of
each of the pistons 45 and 46. At the other
side of the pistons 45 and 46 lower fluid
pressure is fed from one of the two drillings
47 which are symmetrical for balance of the
shaft. This end load device is the subject of
co-pending British Patent Application No.
33906/76 ?Serial No. 1600974).

Figure 2, shows, on an enlarged scale,
portions of the rotors 10, 11 and 12, and
their respective surfaces 10a 11a, 12a and
12b. Also illustrated are two rollers 13 and
14. Tt is, however, to be understood that
there are. in this example, three sets of the
rollers 13, 14, each roller arranged as will be
described and in each set being equally
spaced apart by 120 degrees.

The bearings 15, 16 are carried in bearing
structures 60, 61 which are mounted in a
portion 49 of the fixed structure 22 of the
system. In Figure 2 is shown one pair of
rollers controlled by respective control
cylinders 50, 51 mounted in the portion 49.
Each control cylinder contains a piston 52,
53 and has hydraulic supply passages indi-
cated generally at 54, and 55, in the portion
49. The hydraulic supply is the same as that
in the rotary joint 21 leading to the end
loading device adjacent to the rotor 11.

The portion 49, also carries forked arms,
two pairs of which are indicated in the
drawing identified by numerals 56, 57, 58
and 59. The forked arms 56. 57 are associ-
ated with the control cylinders 50 and 51
respectively to control the rollers 13 and 14
respectively, as will be described. The
forked arms 58 and 59 however, are each
associated with another pair of the rollers
(which are not illustrated).

The roller bearings 15, 16 are as previous-
ly described, mounted in bearing supports
60, 61 respectively. One end of each support
structure 60, 61 is provided with a spherical
end 62, 63, engaging in the piston 52, 53
respectively to provide articulated joints.
The other end of each support 60, 61 has a
cylindrical spigot 64, 65 extending leng-
thwise of the bearing support and engaging
in the fork of the forked arm 56, 57
respectively.

In operation of this transmission system,
with variable speed input and constant
output to the drive, there is automatic
compensation for input speed change and
this 1s achieved through the alteration in the
ratio angle of the rollers. The inclination of
the rollers as seen in Figure 1, regulates the
ratio of the speed of the input rotors 10, 11
to the speed of the output rotor 12. As

illustrated in full lines, rotation of the input
rotors 10, 11 at a given speed will cause
rotation of the output rotor 12, at a slower
speed than said given speed. As indicated in
dotted lines the opposite ratio characteristic
can be achieved if the point of contact
between the rollers on the input rotors 10,
11 is outside that on the surfaces 12a, 12b of
the output rotor 12. If, however, the rollers
engage the surfaces 10a, 11a, 12a and 1256 at
the same radial disetance on each such
surface from the axis 17 of the shaft 18, the
input and output rollers 10, 11, 12 will all
rotate at the same speed. This represents a
drive ratio of 1:1 between the input and the
output of the system.

It is, however, necessary for stable run-
ning that the axis of each of the rollers 13, 14
must intersect the gear axis 17 which is the
axis of the shaft 18 and rotors 10, 11 and 12.
To change the ratio the rollers are moved
tangentially and they will then steer to new
ratio angle positions in which they are again
stable, that is where their rotational axes
intersect with the gear axis as specified
above. To achieve the ratio change the
control cylinders 50, 51, containing their
pistons 52, 53 are actuated. These are shown
in Figure 2 to be arranged to move the
bearing supports 60, 61 in general directions
which are non-parallel or inclined at acute
angles with respect to a plane indicated at
66, which is perpendicular to the gear axis
17. The inclination of the axes of the pistons
and cylinders 52, 50, and 53, 51 are opposite
to one another in each adjacent pair, as
indicated in Figure 2. Actuation of these
pistons and control cylinders therefore
move the axes of the rollers 13, 14, in
directions which are substantially tangential
with respect to the points of contact of the
rollers, with respective part toroidal sur-
faces 10a, 11a, 12a and 12b. Such generally
tangential movement of the rollers 1s accom-
panied by steering of the rollers about the
centres of the spherical ends 62, 63 in order
that the rollers may take up positions in
which their rotational axes again intersect
with the axis 17. In order that the roller axes
may reach these positions it is however
necessary to allow the roller axes also to be
moved in a direction lengthwise of the axis
17, and this is accomplished by movement of
the spigots 64, 65 in the forked arms 56, 57
respectively. Without such provision the
rollers would be unable to reach the equilib-
rium conditions. The spigots 64, 65 are
furthermore of cylindrical form so that, with
the spherical ends, they permit angular move-
ment of the bearing supports 60, 61 with
respect to said arms. In making such provi-
sion for movement of the bearing supports
in direction lengthwise of the axis 17, the
inclination of the tilt axes of the bearing
supports with respect to the plane 66
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changes. This inclination is the caster angle
and consequently the caster angle will
change as the ratio angles changes.

Preferably the higher the rotational speed
induced in the output rotor 12, the greater
the caster angle should be, for improved
stability in the system at high rotational
speeds which may be of the order of 20,000
revolutions per minute.

In Patent Application No. 33905/76 (Se-
rial No. 1600973) a similar system is de-
scribed, the invention claimed therein being
a transmission system of the kind specified
wherein the means for moving each of the
roller bearing structures generally tangen-
tially with respect to the gear axis is
arranged to apply a force to each said
structure, application of said force to the
bearing structure causing variations in the
caster angle and steering of the rollers to
take up new equilibrium positions, change
in the caster angle being accompanied by
movement of the positions of the rollers in a
direction parallel with the gear axis and
means being provided for accommodating
such movement of the rollers in the direc-
tion parallel with the gear axis.

In an alternative example shown in Figure
3, the forked arms do not provide for sliding
movement of the spigots so that the posi-
tions of the roller axes do not change axially
with respect to the shaft axis 17. In such
cases it is necessary to provide for axial
sliding movement of rotors 70, 72 that is at
least one of the input rotors 70 or output
rotor 72. Such movement occurs in a direc-
tion lengthwise of the axis 17, about which
these rotors rotate. End loading of the rotor
72 is provided by applying hydraulic fluid in
a chamber 73 behind that rotor 72, to react
against a plate 74. Hydraulic fluid enters this
chamber through a passage 75 in a hub 76
mounted in a bearing 77. The passage 75 has
a wider end in which the end of a fixed pipe
78 is slidably engaged. The rotor 70 has a
hub 79 mounted in a bearing 80. The
bearings 77, 80 are concentric. The whole
assembly of the rotors 70, 72, plate 74,
rollers 69 is movable axially so that the
varying distance between the rotors, as the
rollers are adjusted can be accommodated,
as indicated by the arrow 81.

In another form shown in Figure 4, the
bearing supports are supported only at their
ends at which the pistons are provided, the
spherical ends 62. 63 being substituted by
cylindrical ends 82. With this arrangement
the bearing support 83 can move only about
an axis lengthwise and co-planar with the
piston axis. Again the rotors are arranged to
move axially.

In a further alternative construction the
bearing supports 60, 61 are carried on
internal support means.

WHAT WE CLAIM IS:-

1. A transmission system of the kind
specified wherein the means for moving
each of the roller bearing structures general-
ly tangentially of the gear axis is arranged to 70
apply a force to said structure, application
of said force to the bearing structures being
in a direction non-parallel with respect to
the plane which is perpendicular to the gear
axis, to cause the rollers to steer to positions 75
in which the ratio angle is changed, means
being provided for accommodating move-
ment of the roller bearing structures rela-
tively to the gear axis, in a direction parallel
to the gear axis.

2. A transmission system as claimed in
claim 1 wherein the means for moving each
of the roller bearing structures generally
tangentially is a respective piston and cylin-
der unit connected to the bearing structure 85
through an articulated joint.

3. A transmission system as claimed in
claim 2 in which the articulated joint is a
spherical bearing and socket.

4. A transmission system as claimed in 90
claim 3 in which the means for accommodat-
ing the movement of the roller bearing
structures relatively to the gear axis of each
bearing structure is a pin and elongated slot
connection between the bearing structure 95
and a support therefor.

A transmission system a$ claimed in
claim 4 in which the bearing structure
carries a cylindrical pin engaging in a slot in
the support.

6. A transmission system as claimed in
either of claims 1 or 2 in which the means
for accommodating the movement of the
roller structures relatively to the gear axis
comprises means for providing sliding
movement of the output rotor and at least
one input rotor.

7. A transmission system as claimed in
claim 2 in which the articulated joint is a
cylindrical member on the bearing support
co-operating with a corresponding part of
the piston and cylinder unit, whereby the
bearing structure is constrained to move
about an axis lengthwise of the piston and
cylinder wunit.

8. A transmission system substantially
as hereinbefore described with reference to
and as shown in the accompanying draw-
ings.
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