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26,917
TRANSMISSION AND CONTROL SYSTEM
Frank Dickenbrock, Warren, Mich., assignor to General
Motors Corporation, Detroit, Mich., a corporation of
Delaware
Original No. 3,394,617, dated July 30, 1968, Ser. No.
535,824, Mar, 21, 1966. Application for reissue May 6,
1969, Ser. No. 830,893
Int. C1. F16h 47/08, 15/50, 15/38
U.S. CL 74—730 16 Claims

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

ABSTRACT OF THE DISCLOSURE

A roller friction transmission having two friction units
and a hydrodynamic torque converter wherein a common
input race for both friction units is driven by the con-
verter turbine, wherein the reaction torque of the torque
converter and the reaction torque of one friction roller
unit are both transmitted to the transmission case through
the reaction spider of the other friction unit.

r——————

This invention relates to transmissions and more par-
ticularly to a friction roller transmission adapted to pro-
vide infinitely variable changes of drive ratio, and the
control system for controlling the drive transmission drive
ratio.

The control system herein disclosed provides a simple
roller mount which will allow the roller to be steered to
its correct tilt position by low amplitude forces with large
tractive forces serving as the primary forces acting to tilt
the roller. A small force, only, is necessary to incline the
roller and this inclination produces a large tractive force
trying to tilt the roller. In addition, the control system auto-
matically reduces the roller inclination to zero when the de-
sired tilt angle is reached. The roller mount, in addition,
provides a path for lubrication, limits the rate of ratio
change, and prevents undesirable ratio change. The con-
trol system is arranged such that the rate of tilt change
is proportional to the difference between the desired and
actual roller tilt. The control system will correct any
tendency of the rollers to overshoot or to wander in tilt.
In addition, the control system is unaffected by axial deflec-
tions and can be adjusted for both axial and circumferen-
tial tolerance errors,

These and other features and advantages of the inven-
tion will be apparent from the following specification and
claims taken in conjunction with the accompanying draw-
ings in which:

FIGURE 1 is a longitudinal partially sectional view
through a transmission incorporating the features of this
invention;

FIGURE 1a is a top plan view of a helical groove pro-
vided on a drive ratio control sleeve;

FIGURE 2 is a sectional view through the roller mount
and control assembly;

FIGURE 3 is a schematic diagram illustrating the roll-
ers positioned to provide a direct drive or 1:1 drive ratio;

FIGURE 3a is a schematic diagram illustrating the
rollers in overdrive or speed multiplying position;

FIGURE 3b is a schematic diagram illustrating the roll-
ers in underdrive or torque multiplying position;

FIGURE 4 is a diagrammatic illustration of an input
end view illustrating the roller and race velocities when
the roller inclination is zero;

FIGURE 4a is a diagrammatic illustration of a longi-
tudinal view illustrating the roller and race velocities when
the roller inclination is zero;
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FIGURE 4b is a diagrammatic illustration of an output
end view illustrating the roller and race velocities when
the roller inclination is zero;

FIGURE 5§ is a diagrammatic illustration of an input
end view illustrating the roller and race velocities with the
roller inclined such that the roller spin axis is inclined
with respect to the race axis; and

FIGURE 35a is a diagrammatic illustration of an output
end viey illustrating the roller and race velocities with
the roller inclined such that the roller spin axis is inclined
with respect to the race axis.

Referring initially to FIGURE 3, there is shown sche-
matically the roller-race feature of a friction transmission
having a power input shaft 11 connected to drive a central
power input race 23 through a drum 22. Front and rear
rollers 51 and 50 contact opposite sides of race 23 and
contact driven races 52 and 53 which deliver power to a
power delivery shaft 60. In the race position shown, out-
put shaft 60 will be driven at the same speed as input shaft
11or ata 1:1 drive ratio.

With the rollers positioned as shown in FIGURE 3a
output shaft 60 will be driven faster than input race 23 or
in overdrive or speed multiplying ratio. The rollers may
also be positioned in FIGURE 3b to provide underdrive
of shaft 60 or to provide torque multiplying ratio. It will
be understood that within the range of operation of the
device the rollers may be placed in various positions with
respect to the driven races to provide an infinite number
of ratios of overdrive or underdrive as well as direct drive
of output shaft 60.

FIGURES 3, 3a, 3b illustrate the rollers in various op-
erative positions with different tilt angles to provide differ-
ent ratio drives but not the method or structure for tilting
them to such positions. It is possible to change roller posi-
tion simply by shoving or forcing them into a desired
position. Such a method is undesirable because it requires
high forces and has slow response. As distinguished from
this method, the rollers may be steered to a tilt angle by
use of a relatively minor force.

In FIGURES 4, 4a, 4b, the relative [velocity] velocities
of the races and rollers [is] are illustrated for an operating
condition wherein the roller are placed in a first of two
possible positions. This position is one wherein the spin
axis of the roller intersects the race axis at the center of the
roller or midway benveen the races and the roller simply
spins with no other movement, The roller and race veloci-
ties are equal as illustrated by the vectors, for the condi-
tion of zero inclination of the rollers with respect to the
races.

In FIGURES 5 and 5a the effect of inclining the rollers
with respect to the races is illustrated by appropriate vec-
tors V-race, V-roller. As illustrated, the roller spin axis is
inclined with respect to the race axis by the angle «. The
vectors illustrate [illustrated] the race and roller velocities
for an inclination of a given angle. It can be seen that in-
clining the roller moves its spin axis away from the race
axis. The roller will tend to match the race velocity and
will do this by tilting to generate the necessary velocity
components. Only a small force is necessary to incline the
roller and this inclination produces large tractive forces
trying to tilt the roller. The control system hereafter de-
scribed makes use of the above principle and in addition
automatically reduces the roller inclination to zero when
the desired tilt angle is reached.

Referring to FIGURE 1 there is shown a transmission
10 incorporating a voller control system utilizing initial
roller inclination [tilt] (a relatively small force) and roller
tractive effort (a relatively large force) to change the tilt
angle of the rollers to any desired tilt angle.

An engine driven power input shaft 11 drives a drum
12 rotatably supported in a transmission housing 13 by
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a bearing 14, An axial sleeve 16 supported in bearing 14
drives a pump 17 adapted to provide oil under pressure
for transmission control and lubrication purposes. A seal
18 is disposed between web 15 and sleeve 16 and oil
return passages 19 are provided in the web. A housing
section 20 is bolted to housing 13 by bolts 21. A race
drive drum 22 splined to a power input race 23 drives
race 23 whenever engine driven power input shaft 11
is rotated.

A rear spider 25 shown in FIGURES 1 and 2 is splined
to case section 20 and is held against rotation by splines
26 on the spider. Spider 25 comprises a ring in which
are supported three masts 27, each mast supporting a
roller 50 as best shown in FIGURE 2. Each mast is
formed with a ball head 28 for receiving a roller carrier
29. Each roller 50 is rotatably supported on carrier 29
by means of a bushing 30. Each carrier 29 is swaged
to ball 28 such that ball 28 serves as a pivot point for
the carrier. Carriers 29 are provided with [a]} ball-ended
L[extension] extensions 31, the balls 31 each being dis-
posed in a helical groove 32 formed in a roller phasing
collar 33 rotatable with central control sleeve 34. Two
pins 35 and 36 are driven into the carrier 29. These pins
prevent the carrier from spinning and wearing out its
ball end, limit the inclination of the carrier [and] ro limit
the rate of change of ratio to prevent too rapid ratio
change, and channel lubricating oil into the roller bush-
ing. As shown, oil for lubrication purposes may be sup-
plied to an annular passage 37a in spider 25 and through
passage 37 in masts 27 and through passages in pins 35,
36 to bushing 30.

Collar 33 may be formed integrally with control sleeve
34 or may be formed as a separate piece splined to sleeve
34. In either event the member 33 is formed with a stub
shaft 40 adapted to receive a control rod 41. Rod 41 may
be moved by any suitable means such as a hydraulic
Ljuck} jack to rotate control sleeve 34. Helical groove
32 in collar 33 is preferably at a 30° helix angle, as
shown in FIGURE la. Rod 41 may be moved by means
of any suitable linkage such as a movable bellcrank lever
42 actuated by a pin 43,

Power input race 23 is rotatably supported upon a
support member 44 grounded to spider 25 by a web 45.

A forward unit roller 51 is supported in a spider 51a
and carrier assembly similar to that already described
and, accordingly, additional detailed description is not
believed necessary. The spider 51a of the forward unit
is grounded to race support member 44 by a web exten-
sion 46 splined to member 44. Ground member 46 is

preferably designed to have inherent flexibility and may |

comprise a flexible plate. A spacer 47 is disposed between
sleeve 34 and one side of member 33 and spacers 48 and
49 are disposed between race 23 and member 44.

Roller 50 contacts power input race 23 and a power
delivery race 52 supported upon a power delivery shaft
60. Any suitable axial loading device may be used to
place an axial thrust on the rollers and races to maintain
the rollers in nonslipping friction contact with the drive
and driven races. For example, a ball 54 may act in cam
surfaces in race $2 and ir a flange 55 splined to shaft 60.
Flange §5 may be held on shaft 66 by a nut 56. Oil for
axial loading purposes may be supplied to the chamber
61 between race 52 and flange 55 by means of a passage
58 in housing support web 57, and a passage 59 in
shaft 60.

Roller 51 contacts drive race 23 and delivers power to
a driven race 53, connected to shaft 60 by a spline 62,
[and] the shaft 60 and race 53 being provided with
overlapping lips 63 and 64 which absorb the axial thrust
placed on race 53 by the axial thrust loading mechanism.

Drive shaft 11 drives an impeller 65 of a hydrodynamic
torque converter having a turbine 66 and a bladed reactor
67, the converter assembly being indicated generally at
70. Reactor 67 is grounded against reverse rotation by
means of a one-way brake 68 and a ground sleeve 69
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splined fo spider 51a of the front roller unit. Turbine 66
is splined to a drive sleeve 71 which, in turn, is splined
to race drive drum 22. Qutput shaft 60 is piloted in the
hub 72 of impeller 65 while hub 72 is piloted in crank-
shaft 11. Bushings 73 and 74 are disposed between hub
72 and shaft 60 and between hub 72 and crankshaft 11.
Shaft 60 may drive a forward and reverse gear unit (not
shown) which in turn may drive the vehicle wheels, not
shown.

The features heretofore described, including the ar-
rangement of the control sleeve and helical slot, and ball
ends for causing the rollers and carriers to incline is be-
lieved novel. The direction of the helical slots is so ar-
ranged that as the rollers tilt the slot and ball pin coact
to tend to reduce this inclination of the rollers. Tilt of
the rollers will continue until this inclination is zero. If
any overshoot or wander from a desired tilt position oc-
curs, the carrier ball end will move in the slot or helical
groove and produce an inclination tending to automati-
cally return the roller to its desired position. Since the
inclining of the roller moves its spin axis away from
the race axis as explained in connection with FIGURES
5, 5a, the roller will tend to match the race velocity and
will do this to generate the necessary velocity compo-
nents. The control system therefore also produces a rate
of tilt correction or change which is variable and is pro-
portional to the difference between the desired and actual
tilt position. The rate of tilt correction will be relatively
large when the difference between the desired tilt position
and the actual tilt position is relatively great and will
automatically decrease as the roller approaches the de-
sired tilt position, due to the varying tractive forces gen-
erated at the rollers’ edges resulting from the progressively
varying inclination of the rollers.

The spacer 47 in FIGURE 1 provides a convenient
means for making initial adjustments for manufacturing
tolerance errors such that the ratios of the two roller
units will be the same. Due to manufacturing tolerance
errors in making the carriers and control sleeve mech-
anism these axial and circumferential tolerances may
result in an assembly wherein the ratios of the two roller
units are not the same. The spacer 47 may be selected
to correct for both of these errors since it shifts the posi-
tion of the helical grooves. More specifically, the spacer
may be selected of proper width to shift the position of
the grooves relative to each other to assure that the
ratios of the roller units are the same.

As heretofore stated, the front unit spider [25F Sla
which is not rigidly fixed to the case is supported tor-
sionally and axially by a support member 46 which com-
prises a flex plate. The normal contact load tends to
deflect the two roller sections axially. Accordingly, some
part must be able to accommodate this deflection to pre-
vent the roller bushings from being excessively loaded.
The floating front unit spider [25] 57a allows move-
ment. Although this movement will tend to shift the front
unit carrier ball 31 in its helical groove 32, this can be
avoided by designing the necessary torsional flexibility
into the front spider [25} 57 and designing the front
unit flex plate to have proper stiffness to prevent ratio
change due to axial loading.

There has been provided a novel control system in-
corporating a simple roller mount which will allow the
roller to be steered into its correct tilt position by low
amplitude forces. This roller mount provides a path for
lubrication, limits the rate of ratio change and prevents
undesirable carrier spinning. The control system is so
constructed that the rate of roller tilt change is variable
and proportional to the difference between the desired
and actual roller tilt. The control system will automatical-
ly correct any tendency of the rollers to wander or over-
shoot in tilt. The control system is unaffected by axial de-
flections and can be adjusted for both axial and circum-
ferential tolerance errors to assure that the ratios of both
friction units are the same., The torque converter impeller
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65 is driven at engine speed and the reaction torque
from reaction member 67 is grounded to the case through
spider [25a] 5!a, flexible plate 46, support member 44,
plate 45, and rear spider 2§ to housing section 20.

The arrangement whereby the torque converter reaction
torque is transmitted to the front unit floating spider and
the reaction from the front unit spider are transmitted
to the rear unit spider through sleeve 44 and flexible
plate connectors 46 and 45 is also believed novel.

I claim:

1. In a transmission, a case, an output shaft, an engine
driven power input race for driving first and second roller
units, each of said roller upits including a power delivery
race fixed for rotation as a unit with said output shaft
and a disc roller for transmitting torque between said
input race and said output Eshafts] shaft, respectively,
each of said units including a reaction spider comprising
an annular ring, means grounding the exterior periphery
of the spider ring of the first of said units directly to said
case, a support member concentric with said output shaft
for rotatably supporting said input race, means connecting
the reaction spider ring of said second unit to said input
race support member, means connecting said input race
support member to said first unit spider ring whereby re-
action torque of said second unit spider is transmitted
to said case through said input race support member and
said first unit reaction spider ring, a first mast having a
hub carried by said first unit spider ring and a free end
extending inwardly from said ring into the space encom-
passed by said ring, a ball on said free end, a roller
carrier forming with said ball a swivel joint and rotatably
supporting the disc roller of the first unit in contact with
said input race and said first unit power delivery race, a
drive ratio control sleeve, a collar on said sleeve, a helical
groove in said collar, an extension on said carrier having
a free end disposed in said groove, a second mast having
a hub carried by said second unit reaction spider ring
and a free end extending radially inwardly from said ring
into the space encompassed by said ring, a ball on said
free end, a second roller carrier supporting a disc roller
for the second unit in contact with said power input race
and said second unit power delivery race, said second car-
rier forming a swivel joint with said second mast ball end,
a second collar on said sleeve, a helical groove in said
second collar, an extension on said second roller carrier
having a free end disposed in said groove, and means for
rotating said sleeve to tilt the rollers of each of said units
relative to said races.

2. In a transmission, a case, a hydrodynamic torque con-
verter including an engine driven impeller, a turbine and
a reaction member, a [fritcion] friction roller unit includ-
ing a power input race, a power delivery race and a disc
type roller in friction contact with said races, a support
member for rotatably supporting said input race, a final
power delivery shaft driven by said power delivery race,
a reaction spider comprising an annular ring grounded to
said case at the outer periphery of said ring, a mast having
one end supported in said ring and a free end extending in-
wardly into the space encompassed by said ring, a ball on
said free end of said mast, a carrier rotatably supporting
said disc roller, said carrier forming with said mast ball a
swivel joint between said mast and said carrier, a ratio
control collar, a helical groove in said collar, an extension
on said carrier disposed in said groove, said final power
delivery shaft extending through said ratio control collar
and said input race support member, means for rotating
said drive ratio control collar relative to said input race
support member to vary the drive ratio, means connecting
said power input race to said torque converter turbine in-
cluding a cylinder member extending from said turbine to
said power input race, means for braking said torque con-
verter reaction member from rotation in at least one di-
rection including a second cylinder member disposed in-
side said first cylinder member and fixed to said input race
support member, and means connecting said input race
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support member to said reaction spider for transmitting re-
action torque of said torque converter reaction member
to said case through said spider.

3. In a fransmission, a case, a hydrodynamic torque
converter including an engine driven impeller, a turbine
and a reaction member, [al first and second friction
roller units, a first reaction spider for said first roller
unit comprising an annular ring secured to said case at
the outer periphery of said ring, a mast having a base
supported in said ring and extending radially inwardly
into the space encompassed by said ring, a ball end on
said ring, a roller carrier forming with said ball end a
swivel joint, a disc roller rotatably supported upon said
carrier, a power input race support member, a power
input race rotatably supported upon said support mem-
ber, a drive ratio control sleeve rotatably supported in
said input race support member and extending through
said input race support member, a power delivery shaft
extending through said drive ratio control sleeve, a power
delivery race rotatable as a unit with said power delivery
shaft, said disc roller contacting said input race and
power delivery race for transmitting torque therebetween,
an extension on said roller carrier, a drive ratio control
collar fixed for rotation with said sleeve, a helical groove
in said collar receiving said carrier extension, a second
spider for said second roller unit comprising an annular
ring, a mast carried by said second spider ring having
a free end extending radially inwardly from said ring
into the space encompassed by said ring, a ball end on
said mast, a roller carrier forming with said mast a
swivel joint, a disc roller rotatably supported on said
mast, a second unit power delivery disc rotatable as a
unit with said power delivery shaft, said second unit disc
roller contacting said input race and second unit power
delivery race for transmitting torque therebetween, a
second control collar fixed to said sleeve, a helical groove
in said second collar, an extension on said second unit
roller carrier having a free end disposed in said groove,
a cylinder member connecting said turbine to said input
race for driving said input race, means for preventing ro-
tation of said torque converter reaction member in at least
one direction including a second cylinder connecting said
torque converter reaction member to said second roller
unit spider, means connecting said second roller unit
spider to said input race support member, means connect-
ing said input race support member to said first unit
spider whereby the reaction torque of said torque con-
verter reaction member and said second roller unit is
transmitted to said case through said first unit spider,
and means for rotating said control sleeve relative to said
input race support member to simultaneously [titit] silt
both of said carriers on their respective masts to vary
the transmission drive ratio.

4. In a toric transmission including a housing; an input
means; an outpu! means; a toroidal power (ransmission
mechanism comprising a friction roller assembly includ-
ing first and second annular race members and a roller
having a circular perimeter and a central axial opening
formed therein, said roller being rotatably disposed be-
tween and with opposed portions of the perimeter in fric-
tional contact with said first and second race members
for rotation about a spin axis perpendicular to the plane
of said circular perimeter at its center inclinating about
an inclination axis in said plane through said opposed
portions from a normal position in which the spin axis
intersects the race axis and tilting about a tilting axis at
right angles to said inclination axis and in said plane,
a support member, one of said members being operatively
connected to the input means, another of said members
being operatively connected to the output means, and
the third of said members being secured 1o said housing,
said support member having a mast supported by said
support member having pivot means at the free end ex-
tending into and terminating at the center of said cen-
tral axial opening, a carrier pivotably mounted on said
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pivol means at the intersection of said spin axis and
said plane, located in said central axial opening and ro-
tatably supporting said roller for rotation only about said
spin axis, a ratio control collar concentrically located
relative to said support member, a cam groove formed
in said ratio control collar, a rigid extension formed on
said carrier and extending away from said mast into said
cam groove, and means for moving said ratio control
collar for inclining said extension, carrier and roller about
said pivot means and along a transverse plane intermedi-
ate the planes of said first and second races, resulting in
automatic tilting of said roller, carrier and extension along
a plane perpendicular to said intermediate plane for
variation of the drive ratio between said input and output
means and in automatic reduction of said inclination to
Iero.

3. In a toric transmission; a housing; input means and
cutput means rotatably mounted in said housing; a pair
of annular toric race members coaxially mounted on a
race axis with facing toric sides; a roller having a circu-
lar perimeter located between said race members with
opposed portions of the circular perimeter in frictional
contact with said facing toric sides of said race mem-
bers being rotatable about a spin axis perpendicular to
the plane of said circular perimeter at the center thercof
and biasing said spin axis to a position intersecting said
race axis, being inclinable about an axis of inclination
through said opposed portions to move said spin axis
away from said race axis, being tiltable 1o tilt said axis
of inclination relative to said race axis, and having a cen-
tral axial opening in said roller; carrier means in said
opening having first universal pivot means opening to
one side of said roller; a rigid extension rigidly fixed to
said carrier means projecting from one side of said car-
rier means and roller; bearing means between said car-
rier means and suid roller to rotatably mount said roller
on said carrier means for rotation only about said spin
axis; a support member having second universal pivot
means cooperating with said first universal pivot means
for universally pivoting movement of said carrier means
about the point at the intersection of said spin axis and
said plane of the circular perimeter; movable cam means
cooperating with sald extension operative on a predeter-
mined movement for a predetermined ratio change to
maove said spin axis away from said race axis to incline
said roller to proditce tractive forces to tilt the roller to
change the ratio drive and automatically operative in
response to said inclination to return said spin axis to
said race axis to reduce the roller inclination to zcro
when said predetermined ratio change is made; one mem-
ber being operatively connected to said input means; a
second being operatively connected to said output means
and a third being operatively connected to said housing.

6. The invention defined in claim 5 and said cam means
having a cam angle to provide a rate of tilt change which
is proportional fo the difference between the actual tilt
position and the desired tilt position.

7. The invention defined in claim 5 and said first and
second universal pivot means having limit means for lim-
iting the Inclination of said carrier means and roller
member.

8. The invention defined in claim 5 and said first and
second universal pivot means having antispin means pre-
venting rotation of said carrier means relative to said
support member only about said spin axis so all rotary
movement of said roller about said spin axis is provided
by said bearing means.

9. The invention defined in claim 5 and said central
axial opening extending completely through said roller;
said carrier means being a unitary element located in said
opening; said first universal pivot means being a socket
open to one side of said elemens; said rigid extension pro-
jecting from the opposite side of said carrier means.

10. In a toric transmission including a housing, a
toroidal power transmision mechanism comprising a fric-
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tion roller assembly including first and second annular
race members and a roller having a central axial open-
ing formed therein, said roller being rotatably disposed
between and with opposed portions ‘of the perimeter in
frictional contact with said first and second race mem-
bers, a support member, one of said members being op-
eratively connected to an input means, another of said
members being operatively connected to an output means,
and the third of said members being secured to said hous-
ing, an outer annular ring, spoke means for securing said
outer annular ring to said central support member, a mast
having one end thereof supported by said central support
member and a free end extending inio and terminating at
the center of said central axial opening, a carrier pivot-
ably mounted on said free end and in said central axial
opening such that said roller inay rotate thereon, a ratio
control collar concentrically located relative to said an-
nular ring, a cam groove formed in said ratio control
coller, an extension formed on said carrier and extending
away from said mast into said cam groove, and means
for moving said ratio control collar for inclining said
extension, carrier and roller about said free end and along
a plane intermediate the planes of said first and second
race members, resulting in auromaric tilting of said roll-
er, carrier and extension along a plane perpendicular to
said intermediate plane for variation of the drive ratio
between said input and output means and in automatic re-
duction of said inclination to zero.

11. In a toric transmission including a housing, a
toroidal power transmission mechanism comprising a fric-
tion roller assembly including first and second races and
a roller having a central axial opening formed therein,
said roller being rotatably disposed between said first and
second races, a central spider member, one of said first
and second races and said ceniral spider member being
operatively connected to an input means, another of said
first and second races and said central spider member
being operatively connected to an output means, and
the third of said first and second races and said central
spider member being secured to said housing, an outer
annular ring, spoke means for securing said outer annular
ring fo said central spider member, a mast having one end
therdof supported by said central spider member and a
free ball-shaped end extending into and terminating at
the center of said central axial opening, a carrier pivot-
ably mounted on said ball-shaped end and in said central
axial opening such that said roller may rotate thereon,
a ratio control coller concentrically located relative to
said annular ring, a cam groove formed in said ratio
control collar, an extension formed on said carrier and
extending away from said mast into said cam groove,
and means for moving said ratio control collar for in-
clining said extension carrier and roller about said bell-
shaped end and along a plane intermediate the planes of
said first and second races and parallel thereto when said
rollers are in a 1:1 output/input speed ratio, resulting in
automatic tilting of said roller, carrier and extension
along a plane perpendicular to said intermediate plane
for variation of the drive ratio between said input and
output means and in automatic reduction of said inclina-
tion to zero.

12, In g toric transmission including a housing, a
toroidal power transmission mechanism comprising a
friction roller assembly including a power input race, a
driven race, and a roller having a central axial opening
formed therein, said roller being rotatably disposed be-
tween and frictionally engaging said input and driven
races, a reaction member including an aennular ring
grounded fo said housing at the outer periphery thereof,
a mast having one end thereof supported by said reaction
member and a free pivotable end extending into and
terminating at the center of said central axial opening,
a carrier pivotably mounted on said pivotable end and
in said central axial opening such that said roller may
rotate thereon, a ratio control collar concentrically lo-
cated relative to said annular ring, a cam groove formed
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in said ratio control collar, an extension formed on said
carrier and extending away from said mast into said cam
groove, and means for moving said ratio control collar
for inclining said extension, carrier and roller about said
pivotable end and along a plane parallel to and inter-
mediate the planes of rotation of said input and driven
races when said rollers are in a 1:1 output/input speed
ratio, resulting in automatic tilting of the roller, carrier
and extension along a plane perpendicular to said inter-
mediate plane for variation of the drive ratio between
said input and driven races and in automatic reduction of
said inclination to zero.

13. In a toric transmission including a housing, a
toroidal variable-ratio power transmission mechanism
comprising a friction roller assembly including a toroidal
power input race, a toroidal driven race, said input and
driven races being disposed coaxially with respect to one
another, and a roller rotatably disposed between said
input and driven races and frictionally engaging both
of said races, a reaction spider including an annular ring
grounded to said housing at the outer periphery thereof,
a mast having one end supported by said reaction spider
and a free end extending into and terminating at the
center of said roller, a carrier rotatably mounted on said
free end and supporting said roller, a ratio control collar
concentrically located within said annular ring, @ cam
groove formed in said ratio control collar, an extension
formed on said carrier and disposed in said cam groove
such that a predetermined rotary movement of said col-
lar causes inclination of said carrier, roller and extension
about an axis parallel to the common axis of said races,
resulting in tilting of said carrier, roller and extension
toward one of said races due to the tractive forces gen-
erated on the contacting edges of said roller and in
automatically reducing the-inclination to zero when the
desired tilt angle is reached.

14. In a transmission having a case and a hydrody-
namic torque converter including an engine driven im-
peller, a turbine and a reaction member, a friction roller
unit operatively connected to said torque converter and
including a power input race, a power delivery race and
a disc type roller in friction contact with said races, a
support member for rotatably supporting said input race,
a final power delivery shaft operatively connected to said
power delivery race, a reaction spider comprising an
an annular ring grounded to said case at the outer periph-
ery of said ring, a support mast having one end sup-
ported by said reaction spider and a free end extending
into the center of said roller, a carrier rotatably support-
ing said disc roller, said carrier forming with said mast
free end a swivel joint between said mast and said carrier,
a ratio control collar, a cam groove in said collar, an
extension on said carrier disposed in said cam groove,
and means for rotating said drive ratio control collar
relative to said input race support member to incline said
carrier extension, said carrier and said roller between
said races, thereby producing tractive forces on the con-
tacting edges of said roller resulting in automatic tilting
of said roller in a radial direction along said races to
vary the speed ratio.

15. In @ toric transmission including a housing, a
toroidal power transmission mechanism comprising a
power input race; a driven race; and a plurality of rollers,
each having a central axial opening formed therein, said
rollers being rotatably disposed between and frictionally
engaging said input and driven races; a reaction member
including an annular ring grounded to said housing at
the outer periphery thereof; a plurality of masts, each
having one end thereof supported by said reaction mem-
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ber and a free ball-shaped end extending into and termi-
nating at the center of one of said plurality of central
axial openings; a carrier pivotably mounted on each of
said ball-shaped ends in each of said central axial open-
ings such that one of said plurality of rollers is rotatable
thereon; a ratio control collar concentrically located rela-
tive to said annular ring; a plurality of cam grooves
formed in said ratio control collar; an extension formed
on each of said carriers and extending away from said
masts into said cam grooves, and means for moving said
ratio control collar for inclining said extensions, carriers
and rollers about said ball-shaped ends and along a plane
intermediate the planes of rotation of said input and driven
races, resulting in automatic tilting of the rollers, carriers
and extensions along a plane perpendicular to said inter-
mediate plane for variation of the drive ratio between
said input and driven races and in aqutomatic reduction
of said inclination to zero, the tilting continuing until
all the inclination is removed.

16. In a toric transmission including a housing; a
toroidal continuously variable-ratio power transmission
mechanism comprising a toroidal power input race; a
toroidal driven race, said input and driven races being
disposed coaxially with respect to one another; three
rollers, each rotatably disposed between said input and
driven races and frictionally engaging both of said races;
a reaction spider including an annular ring grounded to
said housing at the outer periphery thereof; three masts,
each having one end supported by said reaction spider
and a free end extending into and terminating at the
center of one of said rollers; a carrier rotatably mounted
on each of said free ends of said masts and supporting
one of said rollers; a ratio control collar concentrically
located within said annular ring; a cam groove formed
in said ratio control collar in radial alignment with each
of said masts; an extension formed on each of said car-
riers and disposed in one of said cam grooves such that
a predetermined movement of said collar causes inclina-
tion of each of said carriers, rollers and extensions about
an axis paraliel to the common axis of said races when
said rollers are in a 1:1 speed ratio position, resulting in
tilting of each of said carriers, rollers and extensions
toward one of said races and in automatically reducing
the inclination to zero.
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