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In a toroidal variator a plurality of rolling elements (20.22) are 
in driving engagement with an input and output race (10,14) 
at respective contact regions. Each rolling element (20, 22) is 
mounted on a carriage assembly (26) for rotation about a 
rolling axis, and is being free to pivot about a tilt axis, the tilt 
axis passing through the rolling element (20.22) perpendicu 
lar to the rolling axis, and intersecting the rolling axis at a 
roller centre, whereby a change in the tilt axis causes a change 
in the variator ratio being the ratio of rotational speeds of the 
races. The tilt axis is arranged at an angle known as castor 
angle (see FIG. 4) to a plane (P) perpendicular to the variator 
axis (V). Each carriage assembly (26) can cause a movement 
of the rolling element (20, 22) with a component of rotation 
about a pitch axis (A, B). The pitch axis is defined as passing 
through the roller centre and through the contact regions. 
Pitching the roller elements (20, 22) causes them to tilt, 
thereby changing the transmission ratio. 
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Fig 2 
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CONTINUOUSLY VARIABLE TOROIDAL 
TRANSMISSION 

BACKGROUND 

0001. This invention relates to variators. More specifi 
cally, it relates to variators that are components of a mechani 
cal transmission system. 
0002. In this context, a variator is a transmission compo 
nent that interconnects two rotatable elements whereby, when 
rotating, the two elements have rotational speeds related to 
one another by a ratio (referred to as the “variator ratio’) that 
can vary between a minimum variator ratio and a maximum 
variator ratio in a Substantially stepless manner. 

Full Toroidal Variators 

0003. A range of variators are known as “full-toroidal' 
variators. In a full-toroidal variator, each rotatable element is 
connected to a respective race within the variator, Such that 
each rotatable element is fixed for rotation with its race and 
Such that the races rotate about a common axis (the “variator 
axis). Each race has a working Surface, arranged Such that 
the working Surfaces face one anotherina direction parallel to 
the variator axis. An annular recess of arcuate cross-section is 
formed within each working surface, coaxial with the variator 
axis. The recesses are of substantially the same radius with 
respect to the variator axis (the “toroidal radius'), and are 
arranged such that their cross sections lie on a common hypo 
thetical circle, the plane of which intersects the variator axis 
and the centre of which is in a plane (the “centre plane') 
parallel to and spaced equally between the working Surfaces. 
By extending the hypothetical circle around the variator axis, 
a hypothetical torus is described, the working Surfaces occu 
pying opposite regions of the boundary of the torus. There 
fore, the space between the working Surfaces of the races is 
referred to as the “toroidal cavity”. 
0004 Several rolling elements are provided within the 
toroidal cavity. Each rolling element has a rolling Surface that 
makes contact with (Subject to the discussion below) a respec 
tive working Surface of the two races. Each rolling element is 
carried in a respective carriage Such that it can rotate with 
respect to the carriage about a rolling axis upon which the 
rolling Surface is centred. 
0005 Rotation of one of the races (called the “input race” 
in this discussion) with respect to the carriages causes each 
rolling element to rotate, and this, in turn causes a torque to be 
applied to the other race (called the “output race' in this 
discussion), in a direction opposite to the rotation of the input 
race. If the output race is allowed to rotate in response to the 
applied torque, it will do so in a direction opposite to that of 
the input race. During Such rotation, each rolling element will 
make contact with the input race and the output race about a 
respective circular contact locus described on the respective 
working surfaces. If these two loci are of the same radius (the 
radius of a locus being generally referred to as the “contact 
radius'), then output race and the input race will have the 
same rotational speeds (albeit in opposite directions). How 
ever, if the contact radius of on the input race (the “input 
radius') is not equal to the contact radius on the output race 
(the “output radius'), then the speed of the output race will be 
greater than or lesser than the speed of the input race. In 
general, the variator ratio will be equal to the ratio of the input 
radius to the output radius. 
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0006 Each carriage is configured such that the rolling axis 
can be moved to alter the input and the output radii, this 
movement being referred to as “tilt'. At least when the varia 
tor is operating in an equilibrium condition, the input and the 
output radii are symmetrically disposed about the toroidal 
radius. 

0007. The forgoing description refers to contact between 
the working Surfaces and the rolling elements. However, this 
is a simplification. Most embodiments of toroidal variators 
operate using traction drive. That is to say, the working Sur 
faces and rolling elements are at least partially immersed in a 
traction fluid. This has the property of having a viscosity that 
increases rapidly when its pressure exceeds a threshold. As 
the races rotate, traction fluid is drawn into the nips formed 
between the rolling elements and the working Surfaces to 
create a thin layer of traction fluid between the rolling sur 
faces and the working Surfaces, so there is, literally speaking, 
no contact between them. In order to achieve a satisfactory 
traction drive, an end load is applied, which urges the races 
towards one another along the variator axis. The end-load is 
optimised to balance the requirement of providing Sufficient 
loading to produce adequate traction at the interfaces between 
the working Surfaces and the rolling Surfaces, but low enough 
not to compromise the efficiency and durability of the varia 
tor. In many embodiments, the races may make slight move 
ments along the variator axis in response to the end-load. 
However, variators may also be embodied using frictional 
drive between the working surfaces and the rolling elements, 
and the present invention is applicable to embodiments using 
any internal drive arrangement. 
0008. Within the general arrangement of a full-toroidal 
variator described above, a great many variations are possible 
concerning control, mounting and freedom-of-movement of 
the carriages, number and configuration of races, number and 
configuration of rolling elements, and so on. 
0009. In one modification to the variator described above, 
each rolling element is replaced by a train of two rolling 
elements in contact with one another. Thus, each rolling ele 
ment is in contact with one working Surface and with the other 
rolling element. This arrangement has several advantages and 
several disadvantages as compared with the arrangement 
described above, but these will not be discussed here. It 
should be noted that in a variator that incorporated this modi 
fication, both races turn in the same direction about the varia 
tor axis. 

(0010. The use of the terms “input' and “output' to define 
the races should not be taken as a functional or structural 
limitation relating to these components—they are simply 
labels. The variator may be entirely symmetrical in operation. 
These will typically be chosen to provide a concise and under 
standable description in a particular context. For example, in 
the case of transmission for a vehicle, the input will typically 
be connected to a prime mover, and the output will typically 
be connected to a final drive system to indicate the normal 
direction of power flowing through the variator. However, it 
will be understood that when the vehicle is in an overrun 
condition, engine braking will actually cause power to flow 
from the output to the input of the variator. 
0011. In the remainder of this specification, the term 
“variator” will refer to a full-toroidal variator as described 
above, unless the context indicates otherwise. 
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Variator Control 

0012. There are two main strategies used to control a 
variator: torque control and ratio control. 
0013 Torque control has no direct equivalent in multiple 
speed transmissions because it relies upon a feature arising 
from the nature of a variator. Torque control has been 
described in many publications, including those parts of 
WO-A-2010/070341 that relate to FIGS. 1 to 3, and will be 
described here only briefly, as required to enable the present 
invention to be understood. 
0014 Torque control relies upon the variator having sev 
eral design features: 

0015 each carriage has freedom to rotate about a reac 
tion axis that is inclined by a small angle to the centre 
plane; and each carriage can move axially along the 
reaction axis against a force applied to it by an actuator. 

0016 Note that the first of these requirements means that 
while under torque control, tilt angle is not controlled directly 
by an actuator. 
0017. Each race applies a force to each rolling element that 
acts in a direction tangential to the working Surface. There 
fore, equal and opposite tangential forces must be provided 
by each actuator to maintain the rolling axis of the corre 
sponding rolling element stationary along the reaction axis. If 
the force applied by the actuator changes, the forces acting on 
the carriage become imbalanced, so the rolling axes will 
move. The geometry of the variator is configured (using con 
siderations that will not be discussed here) such that upon 
movementalong the reaction axis, a couple is generated about 
the reaction axis that causes the carriage to rotate. This 
changes the tilt angle, and therefore the variator ratio, in Such 
a way as to reduce the imbalance of forces acting on the 
carriage. The carriage will therefore move towards a new tilt 
angle at which the forces return to balance. Due to the geom 
etry of the variator, the carriage assemblies move along their 
reaction axes and rotate about their tilt axes, such that they 
accommodate the ratio of the speeds of the input and the 
output races. 
0018. Ratio control bears the nearest similarity to the con 

trol of a transmission with multiple discrete, spaced ratios. In 
a ratio-control arrangement, the roller and carriage displace 
ments are controlled by means which are not responsive to the 
reaction forces experienced by the roller carriages. The fun 
damental operating principle of ratio control is that a control 
system determines the variator ratio required to achieve a 
desired operating condition and operates actuators to move 
the carriages in Such away as to directly cause the rolling axes 
to tilt to the angle required to achieve the target ratio. 

Aim of this Invention 

0019. Ifratio control is attempted by directly changing the 
tilt of the carriages, without other movement, one side-effect 
is that the contact point between the rolling elements and the 
working Surfaces is moved radially across the working Sur 
faces. This can only be achieved by shearing the traction fluid 
in the region of the contact point which, it will be recalled, is 
highly viscous. Therefore, the level of power that must be 
Supplied to actuators to achieve Such direct control actuation 
is significant and may require costly actuation mechanisms to 
deliver the required force and stroke. An aim of the invention 
is to provide an arrangement which enables control of the 
rolling elements using low actuation power, and hence requir 
ing low-cost actuators. 
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0020. To this end, the present invention provides a variator 
comprising: an input race and an output race each having a 
working Surface, the races being coaxially mounted for rota 
tion about a variator axis, and a toroidal cavity being defined 
between the working Surfaces; a plurality of rolling elements 
disposed between and being in driving engagement with the 
working Surfaces at respective contact regions, each rolling 
element being mounted on a carriage assembly for rotation 
about a rolling axis, each carriage being free to pivot about a 
tilt axis, the tilt axis passing through the rolling element 
perpendicular to the rolling axis, and intersecting the rolling 
axis at a roller centre, hereby a change in the tilt angle causes 
a change in the variator ratio being the ratio of rotational 
speeds of the races; wherein each roller carriage assembly can 
cause pivotal movement, which pivotal movement results in a 
change of a pitch angle of the rolling element, the pitch angle 
being about a pitch axis that passes through the roller centre 
and passing through the contact regions; the variator further 
comprising a control member operative to cause a respective 
roller carriage to undertake the said pivotal movement 
thereby changing the pitch angle, so urging the plurality of 
rolling elements to pivot about their tilt axes and thereby 
provide a change in variator ratio; and a reaction member 
operatively coupled to the plurality of rolling elements such 
that it bears the reaction torque from the rolling elements 
within the toroidal cavity. 
0021. The arrangement by which the pitch axis passes 
through the contact regions ensures that rotation or a compo 
nent of rotation about the pitch axis involves a rotational 
change relative to the disc at the contact point but does not 
involve a significant change in the contact radius. Thus, it 
does not of itself cause a Substantial change in the variator 
ratio, and does not cause significant translational movement 
of the contact region across the working Surface, thereby 
minimising the work that must be done in changing the pitch 
angle. This allows a change of variator ratio to be effected 
using a low actuation force, which requires an actuator of low 
power, and therefore low cost. 
0022. The effect of changing the pitchangle can be under 
stood by considering the patch of contact between the rolling 
Surface of the rolling element and the input or output working 
Surface. A point on the working Surface at the centre of the 
contact patch must necessarily be moving with a Velocity 
tangential to the variator axis. If the pitch angle is 0, and the 
rolling elements are at a tilt angle of 0, corresponding to a 
variator ratio of -1.0, then a point on the rolling surface at the 
centre of the contact patch will also be moving with a velocity 
tangential to the variator axis. However, changing the pitch 
angle has the effect of rotating the velocity vector of the point 
on the rolling Surface so that it gains a component directed 
towards or away from (depending on the direction of pitch) 
the variator axis. This, in turn, gives rise to a force acting on 
the rolling Surface (normally generated by shear forces within 
the traction fluid) that urges a change of tilt of the rolling 
element, the change in tilt being in a direction that tends to 
reduce the pitch angle. Therefore, the rolling elements will tilt 
to asymptotically approach a new equilibrium tilt angle. 
0023 Provision of a reaction member means that reaction 
load need not be borne by the control member. This allows 
greater freedom of the design and implementation of the 
control member. In particular, this arrangement allows the 
loading of the control member to be minimised, thereby 
reducing the power required to actuate the control member. 
Typically, the reaction member and actuation member have 
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no common parts or, more generally, no element of the actua 
tion member is in the path of the reaction torque or reaction 
forces. 

0024. The reaction member preferably bears reaction 
torque entirely independently of the control member. 
0025 Reaction torque is typically wholly or partially 
borne by the reaction member separately from the control 
member. The reaction member may pivotally be coupled to 
the centre of each rolling element. The reaction member may 
be coupled to the rolling element Such that the carriage assem 
bly is constrained to the said pivotal movement. In a preferred 
arrangement, the reaction member is movable radially of the 
variator axis and optionally is movable in a non-radial direc 
tion Such that that the reaction member balances reaction 
loads generated by each rolling element within the toroidal 
cavity. A variator may further include a damper to dampen 
movement of the reaction member in a radial direction rela 
tive to the variator axis. The reaction member may comprise 
a mechanical end-stop to limit movement of the reaction 
member in a radial direction relative to the variator axis. The 
reaction member may be mounted for rotation about the 
variator axis in response to reaction torque arising from the 
disc to rolling element contact thereby changing the variator 
ratio. For example, the reaction member may be mounted for 
rotation about the variator axis in response to a reaction 
torque above a pre-determined level. This may be achieved in 
a variator comprising resilient means against which the reac 
tion member may be urged in response to a reaction torque. 
0026. Each carriage assembly may be mounted for pivotal 
movement about an axis passing through the centre of the 
respective rolling element and may optionally be actuated at 
an actuation point radially distant from the axis Such that the 
carriage Sweeps through an arc centred on the actuation point. 
Each actuation point is preferably offset from the centre plane 
of the variator in a direction parallel to the variator axis, in 
which case, the offset typically determines a castor angle 
between each rolling element and the associated working 
Surface. 

0027. In embodiments of the invention, the castor angle is 
typically in the range of 1° to 40°, and more preferably in the 
range 4 to 20°, which is much lower than that desired by a 
typical torque control variator. A low castor angle decreases 
the stroke through which the control member must be moved, 
thus enabling a lower cost actuation system. 
0028. Each carriage assembly may be constrained to the 
said pivotal movement by i) coupling with the control mem 
ber about aan actuation point and ii) coupling about a second 
reaction point which acts on the centre of rotation of the 
rolling element or at a point between the said centre and the 
actuation point for bearing torque from the rolling elements. 
0029. Each rolling element and its respective carriage 
assembly may together have four points of contact, the points 
of contact being at the input surface, the output Surface, an 
actuation point and a reaction point such that the rolling 
element is constrained in its position in the toroidal cavity but 
the rolling element is mounted for pitching movement about 
an axis perpendicular to the rotational axis of the rolling 
element and also perpendicular to the tilt axis and is free to 
steer to a position to provide a change in variator ratio. The 
control member may be adapted to provide actuation by trans 
lational movement. 

0030 The control member may actuate the carriage 
assembly at a location radially outward of a Surface of a 
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cylinder that is coaxial with the variator axis and tangential to 
the periphery of the larger of the input Surface and output 
Surface. 
0031. The respective carriage assemblies may each be 
actuated simultaneously. A variator may comprise an actuator 
for each respective carriage assembly. The variator may com 
prise a single control member on which the carriage assem 
blies are mounted. 
0032. The control member typically comprises a fixed part 
and a movable part operatively coupled to the fixed part, the 
movable part being movable in a plane perpendicular to the 
variator axis. The fixed part of the control member may com 
prise a plurality of arcuate slots each slot corresponding with 
a respective carriage wherein the carriage assembly com 
prises an engagement part for sliding engagement of the 
carriage assembly along its respective slot such that the car 
riage is constrained to the said pivotal movement. In embodi 
ments of the invention, each carriage assembly comprises a 
stem coupled to the control member. 
0033 Each carriage assembly is preferably mounted such 
that the rolling axis of the rolling element is inclined to a plane 
perpendicular to the variator axis whereby the rolling element 
is free to rotate about an axis defined between the centre of the 
rolling element and a pivotal joint that is radially disposed 
from the axis of the rolling element, the pivotal joint being 
axially offset from the centre plane of the toroidal cavity and 
located either on the control member or, where the variator 
comprises a reaction member, on the reaction member. The 
carriage assembly may comprise a longitudinally extending 
carriage stem and a roller carrier upon which the rolling 
element is rotatably mounted and which is rotatable about a 
longitudinal axis of the stem. Each rolling element may be 
mounted on its respective roller carrier by a pivoting joint 
passing through the centre of the rolling element such that the 
rolling element is free to rotate about its precession axis. 
0034. The control member may be movable radially of the 
variator axis and may optionally be movable in a non-radial 
direction such that that the control member balances reaction 
loads generated by each rolling element within the toroidal 
cavity. The control member may be operatively coupled to the 
plurality of rolling elements on the same side of a plane that 
passes through the variator axis. 
0035. In typical embodiments, the toroidal cavity contains 
two rolling elements. 
0036 Movement of each carriage about the pitch axis is 
preferably achieved by a single translational input. Such 
translational input may be substantially perpendicular to the 
carriage reaction force. This optionally allows the reaction 
force from the carriage to be borne effectively by the actua 
tion member and also optionally enables the castorangle to be 
defined by an offset stem. Translational input may be 
achieved my means of an actuator, and preferably a single 
actuator for all roller carriages of the variator. A variator 
embodying the invention may comprise power means to actu 
ate the control member having a power output of less than 20 
W, more preferably less than 10 W, and yet more preferably 
less than 5 W. 
0037. In preferred embodiments of the invention, move 
ment of the carriage about the pitch axis is caused by one or 
more components of the variator moving other than in rota 
tion about the pitch axis. For example, such movement of the 
carriage about the pitch axis may be accompanied by rota 
tional movement of components exclusively that are not coin 
cident with the pitch axis. 
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0038 Embodiments of the invention may be extended to 
provide variators having multiple toroidal chambers. For 
example, a variator embodying the invention may further 
comprise: a second input Surface and a second, output Surface 
that faces the second input Surface to define a second toroidal 
cavity; a second plurality of rolling elements disposed 
between the second input and second output Surfaces and 
being in driving engagement with the Surfaces, each rolling 
element being rotatably mounted on its respective carriage 
assembly and able to tilt about an axis passing through the 
centre of the rolling element in order to change the variator 
ratio and being mounted for pivotal movement resulting in the 
rolling element pitching about an axis passing through the 
centre of the rolling element and perpendicular to the rota 
tional axis of the rolling element and also perpendicular to the 
ratio change axis; a control member for actuation of the each 
carriage assembly to pitch the respective rolling element 
resulting in a change of tilt angle and a change in variator 
ratio; a first reaction member operatively coupled to the plu 
rality of rolling elements in the first cavity and optionally a 
second reaction member operatively coupled to the second 
plurality of rolling elements in the second cavity Such that the 
first and second reaction members bear reaction loads arising 
from the respective rolling elements; and a load-sharing 
assembly operatively linked to the reaction members of the 
first and second cavities such that reaction torque from the 
reaction members is balanced. 
0039. The variator of the present invention is particularly 
useful in providing drive to an auxiliary unit. Any known 
auxiliary units may be driven by a drive arrangement com 
prising the present variator but the variator is especially ben 
eficial in a drive arrangement system for a Supercharger. Suit 
ably drive is transmitted from an internal combustion engine 
to a Supercharger through a drive system that includes a 
continuously-variable transmission comprising a variator 
according to the invention. This Supercharging arrangement 
has particular application to passenger cars and light road 
vehicles. Use of the variator in a Supercharger drive arrange 
ment allows cost, complexity and weight to be kept to a 
minimum. 
0040. The invention further provides a supercharging 
arrangement for an internal combustion engine comprising a 
Supercharger having a rotational drive input a transmission 
having a rotational drive input to receive drive from an inter 
nal combustion engine, and a rotational drive output con 
nected to the input of the Supercharger wherein the transmis 
sion includes a variator according to this invention 
operatively connected between the input and the output of the 
transmission. 
0041. The variator suitably has an output that is driven at 
an operating ratio from an input and control means operative 
to set the operating ratio of the variator. In one embodiment, 
the variator has a single-cavity having two rollers. 
0042 Suitably the transmission includes an epicyclic 
gearset. Preferably the epicyclic gearset is a traction drive 
epicyclic gearset. In a preferred embodiment, the epicyclic 
gearset shares traction fluid with the variator. 
0043. The supercharger may be of any known type. Pref 
erably the Supercharger is a centrifugal Supercharger. 

BRIEF DESCRIPTION 

0044 Embodiments of the invention will now be 
described in detail with reference to the accompanying draw 
ings in which: 
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0045 FIG. 1 is a perspective view of part of a variator the 
incorporates features of the invention; 
0046 FIG. 2 is a control assembly of the part of the varia 
tor shown in FIG. 1; 
0047 FIG. 3 is a top view of the part of the variator shown 
in FIG. 1; 
0048 FIG. 4 is a side elevation of the part of the variator 
shown in FIG. 1; 
0049 FIGS. 5 and 6 are perspective and part cut-away 
views of part of a variator being an embodiment of the inven 
tion including a reaction member; 
0050 FIG. 7 is a perspective view of part of a variator 
being a second embodiment of invention having twin cavities 
with a load sharing assembly for balancing reaction torque 
between the cavities; 
0051 FIG. 8 is a perspective view of a variator being a 
fourth embodiment of the invention having twin cavities with 
three rollers per cavity and a load sharing assembly for bal 
ancing reaction torque between the cavities; 
0052 FIGS.9 and 10 are an axial view and a top elevation 
of the variator of FIG. 8: 
0053 FIG. 11 is a perspective view of part of a variator 
being a fifth embodiment of the invention including a reaction 
member and a torque sensing element; and 
0054 FIG. 12 is a perspective view of the part of a variator 
shown in FIG. 11 wherein torque is being reacted. 
0055 When reading the description of the embodiments, 
Suitable attention should be given to the terminology, expla 
nations and definitions set forth in the introductory part of this 
specification. 

DETAILED DESCRIPTION 

0056 FIGS. 1 to 4 show different views of a part of a 
variator that uses many of the principles of operation of varia 
tors embodying the invention. The variator comprises an 
input race 10, shaped generally as an annulus. The input race 
10 has an inner surface within which annular recess 12 of 
arcuate cross-section is formed to provide a working Surface 
of the input race 10. The variator further comprises an output 
race 14, shown in dotted lines only in FIG. 4 that is substan 
tially similar to the input race 10. The input race 10 and the 
output race 14 are disposed coaxially on a variator axis V, with 
their working Surfaces facing one another, thus forming a 
toroidal cavity between the races 10, 14 that is bounded by 
their working surfaces. Each of the races 10, 14 is mounted 
for rotation about the variator axis V. 
0057 Rolling elements, in this case in the form of approxi 
mately cylindrical rollers 20, 22 with suitably profiled outer 
rolling Surfaces are disposed for operation within the toroidal 
cavity. In this embodiment, there are two such rollers, but it 
will be understood that a greater number could alternatively 
be provided. 
0.058 Each roller 20, 22 is mounted on a respective roller 
carriage assembly 24, 26. Each roller carriage assembly 24, 
26 includes a stem 28, 30 and a fork 32, 34. Each fork 32, 34 
carries a respective roller 20, 22 such that the roller 20, 22 can 
rotate on a bearing for rotation about a rolling axis that 
extends through its centre. Within each roller assembly 24, 
26, each fork 32, 34 can rotate on its stem 28, 30 about a 
respective tilt axis that is normal to its rolling axis. 
0059 Each carriage assembly 24, 26 is mounted such that 
the tilt axis of the stems 28, 30 is inclined to a plane P as 
shown in FIG. 4. The plane P is perpendicular to the variator 
axis at an angle 'a' known as the castor angle, as shown on 
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FIG. 4. Each roller 20, 22 is free to pivot about the respective 
tilt axis, being the longitudinal axis of the stem 28, 30, which 
passes through the centre of the roller 20, 22 that is to say, 
the castor angle is the angle between the tilt axis and the 
centre plane of the variator. 
0060. The input race 10 is driven by and transmits drive to 
the output race 14 through the rollers 20, 22 which are in 
driving engagement between the races. 
0061 The variator includes a control assembly 40 which 
comprises a slider 42 carried on a Support 44. The slider 42 is 
adapted for reciprocal linear movement relative to the fixed 
part 44. A peg 46 projects from the Support 44 through a slot 
48 in the slider 42 such that it acts as a stop to limit the range 
of movement of the slider 42 on the support. The control 
assembly 40 is adapted to provide actuation of the variator by 
translational movement. The slider 42 is able to travel back 
and forth along the Support 44 in a direction indicated by 
arrow C, along an axis in a plane perpendicular to the variator 
axis. In this embodiment, the slider 42 is connected to each 
roller carriage assembly 24, 26 at a location radially outward 
of a cylindrical plane which is parallel to the variator axis V 
and tangential to the periphery of the larger of the input race 
10 and output race 14. In an alternative embodiment, the 
carriage assemblies 24, 26 may each be actuated by their own 
actuator. The support 44 has surfaces 50, 52 that are each 
inclined at the castorangle a to the centre plane of the variator 
perpendicular to the variator axis V. 
0062. The control assembly 40 is operatively coupled to 
the carriage assemblies 24, 26 by actuation joints 56, 58. The 
actuation joints 56, 58 constrain upper end parts of each stem 
28, to move linearly with the slider 42 while allowing the 
stems 28, 30 to pivot with respect to the slider 42. The single 
control assembly 40 controls both carriage assemblies 24, 26 
in unison. The carriage assemblies 24, 26 are also coupled to 
the control assembly 40 at respective reaction points. Each 
reaction point comprises an arcuate slot 60, 62 that extends 
into a respective reaction surface 50, 52 of the support 44. The 
stem 28, 30 of each of the carriage assemblies 24, 26 carries 
a projecting reaction pin 64, 66 that extends into a respective 
arcuate slot, in which it is a close sliding fit with sufficient to 
allow free sliding engagement of each reaction pin 64, 66 in 
its slot 60, 62. The stem may be equipped with rollers to 
provide Smooth engagement and a rolling engagement with 
the slot. 

0063 (In an alternative embodiment, the arcuate slots may 
be arranged perpendicular to the stems 28, 30 with the stem 
passing through the slot and forming the engaging part which 
cooperates with the slot to locate the roller carriage.) 
0064. Each roller 20, 22 and its carriage assembly 24, 26 
together have four points of contact with the variator, contact 
between the roller 20, 22 at the working surface of the input 
race, the working surface of the output race 14, with the 
control assembly 40 at the actuation joint 56, 58, and the 
reaction point through the reaction pin 64, 66 and its respec 
tive slot 60, 62. Each carriage assembly 24, 26 is located 
within the toroidal cavity by the two points of contact with the 
control assembly 40 and by the contact between the roller and 
the working Surfaces of the input and output races. These 
points of contact mean that the carriage assemblies 24, 26 are 
mounted Such that they are able to move to vary a pitch angle 
about a respective axis A-A', B-B" (being the axes about which 
arcuate slots 60, 62 are centred) to cause pivoting of the roller 
about the pitch axis. These axes A-A and B-B' are perpen 
dicular to the tilt axis of the carriage assembly. The carriage 
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assembly 24, 26 is actuated through the actuation joints 56, 
58, situated radially distant from the roller pitch axes. The 
roller carriages 24, 26 are constrained to the pivotal move 
ment by the coupling of the reaction pins 64, 66 in their slots 
60, 62. The arrangement allows reaction torque from the 
rollers 20, 22 to be borne. 
0065. The pivoting motion of the carriage assemblies that 
occurs as the slider 24 moves imparts to the rollers 20, 22 a 
component of rotation about their pitch axis. The pivoting 
motion also imparts a component of rotation about an axis 
perpendicular to the pitch axis, referred to as a ratio change 
axis. This rotation allows each roller 20, 22 to alter its tilt so 
as to change the speed ratio and may momentarily experience 
contact forces from the input and output Surfaces. The mount 
ing of the roller 20, 22 in a fork32.34 such that is may rotate 
about its tilt axis enables the roller 20, 22 to tilt so as to find a 
path of least resistance to reach equilibrium so as to change 
the variator ratio. In this way, through the combination of the 
pivotal movement of the carriage assembly and the freedom 
of rotation about the tilt axis, the roller is free to undergo a 
tilting motion to provide a change in variator speed ratio. The 
rollers 20, 22 are therefore able to steer (that is, to vary their 
tilt) in response to actuation by pivoting about their respective 
pitch axis and alter their position to change the speed ratio of 
the variator. 
0066. In another embodiment, each carriage assembly 
comprises a stem alone with the rollers being mounted on the 
end of the stem through a gimbal. In this arrangement each 
roller 20, 22 is mounted on its respective carriage assembly by 
a pivoting joint passing through the roller centre Such that the 
roller is free to tilt about its tilt axis. The stem suitably lies in 
the centre plane P of the variator and the gimbal arrangement 
provides the castorangle and degrees of freedom for the roller 
20, 22 to freely tilt. 
0067 FIGS. 5 and 6 illustrate part of a variator embodying 
the invention, that incorporates many of the principles of 
operation of the embodiment of FIGS. 1 to 4. This variator 
includes a reaction member 160 operatively coupled to the 
rollers 120,122 that transmit drive between the input race 110 
and the output race (not shown). The purpose of the reaction 
member is to bear reaction torque from the rollers 120, 122. 
The rollers 120,122 are mounted on carriage assemblies 162, 
164. Each carriage assembly comprises a carrier 166, 168 and 
a mounting part 170, 172. Each roller 120, 122 is carried for 
rotation about its axis on a respective carrier 166, 168. Each 
carrier 166, 168 is pivotally connected to the respective 
mounting part 170, 172. 
0068. Each mounting part 170, 172 is carried on an elon 
gate control member 174, such that it is prevented from lineal 
movement along the control member 174. The control mem 
ber 174 may move in a linear, reciprocal manner in direction 
C, causing the mounting parts 170, 172 also to move in 
direction C. (In this embodiment, the control member does 
not comprise a movable and a fixed part with the slot arrange 
ment shown in FIGS. 1 to 4.) Each carriage assembly is 
located within the toroidal cavity by the connection between 
the mounting parts 170, 172 and the control member 174, and 
by reaction point at the centre of the roller 120, 122 by its 
contact with the reaction member 160. In this embodiment 
reaction torque is borne by the reaction member 160 and not 
by the control member 174. 
0069. The reaction member 160 comprises a body 180 
having an aperture 182 through which a variator input shaft 
and/or output shaft may pass with clearance. Reaction shafts 
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184, 190 project coaxially and in opposite directions from the 
body 180 and are aligned normal to the variator axis within 
the centre plane of the variator. End portions of each reaction 
shaft 184, 190 are retained in apertures formed, respectively, 
in a casing 100 of the variator and a mounting block 194 
secured to the casing 100. The reaction member 160 is opera 
tively linked to the centre of each roller 120, 122 by a spheri 
cal joint 186,188 so as to transmit the reaction torque from the 
rollers 120, 122 to the reaction member 160 and to allow for 
relative pivotal movement between the rollers 120, 122 and 
the reaction member 160 and to allow radial float of the roller 
relative to the variator main axis. Thus, the reaction member 
defines the circumferential position of the roller in the toroid. 
The reaction member 160 is mounted for rotation about the 
variator axis in response to reaction torque arising from the 
disc/roller contact during rotation of the discs thereby chang 
ing the variator ratio. This arrangement allows the roller to 
move circumferentially around the toroid as the roller pair 
move in order to equalise reaction forces. The reaction mem 
ber has float in the direction of the variator axis to enable 
deflections due to the application of endload to be accommo 
dated. 
0070 The control member 174 passes through the reaction 
member 160 at an aperture 192 but is not linked to it. There is 
suitably sufficient clearance between the control member 174 
and the aperture 192 to avoid fouling as reaction torque is 
borne and the reaction member rotates about the variator axis. 
(0071. The reaction member 160 is movable radially of the 
variator axis and may be moved in a non-radial direction such 
that that the reaction member 160 balances reaction loads 
generated by each roller 120, 122 within the toroidal cavity. 
0072 The reaction member 160 may include a damper to 
dampen movement of the body 180 for example in a radial 
direction relative to the variator axis. A mechanical end stop 
may be provided to limit movement of the reaction member 
160 in a radial direction relative to the variator axis. 
0073 FIG. 7 shows a part of a twin-cavity variator 
embodying the invention. The variator comprises an input 
race 210 and similar first and second output races 214 (only 
one is shown) disposed, in the direction of the variator axis, to 
opposite sides of the input race 210. Each output race 214 has 
a working surface 216 that faces the input race 210. The input 
race 210 has first and second working surfaces 212, that face, 
respectively, the first and second output races 214. Therefore, 
two toroidal cavities are defined, a first between the input race 
210 and the first output race 214, and a second between the 
input race 210 and the second output race. 
0074. A first set of rollers 220, 222 is provided within the 

first toroidal cavity to transmit drive between the input race 
210 and the first output race, and a second set of rollers 220', 
222 is provided within the second toroidal cavity to transmit 
drive between the input race 210 and the second output race 
214. Each roller 220, 222: 220', 222' is mounted on a respec 
tive carriage assembly 224, 226; 224 226'. Each carriage 
assembly comprises a carrier 266 and a mounting part 270. 
The roller 220 is mounted for rotation on the carrier 266. The 
carrier is connected to the mounting part 270 such that it is 
free to undergo a tilting motion to change the tilt angle of the 
rollers 220, 222: 220', 222 and thereby change the variator 
ratio. The respective carriage assemblies 224, 226; 224 226' 
are mounted for pivotal movement about an axis that passes 
through the centre of the respective roller. 
0075. A respective hydraulic actuator 280, 280' is associ 
ated with each cavity. Each actuator 280, 280' comprises a 
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cylinder 282,282 that is fixed to a casing 200 of the variator, 
and an actuator rod 284, 284 that can be driven linearly into 
or out of the cylinderby suitable application of hydraulic fluid 
to the cylinder 282,282. 
0076. Within each cavity, the mounting parts 270 of the 
two carriage assemblies are 224, 226; 224 226' are connected 
to a common control rod 274, 274", such that they are fixed to 
the control rod against linear movement, but can pivot with 
respect to it. Each control rod 274, 274 is connected to a 
respective actuator rod 284, 284 through joint 288, 288 that 
admits pivotal movement between the control rod and the 
actuator rod. Thus, operation of the actuators 284,284' causes 
linear movement of the control rods 274, 274', and therefore 
linear movement of the carriage assemblies 224, 226; 224 
226. 
(0077. Each cavity has a reaction member 260, 260' to 
which the rollers 220, 222: 220', 222 are operatively coupled 
by spherical joints such that the reaction members bear reac 
tion loads arising from the respective rollers, Substantially 
similar to the arrangement of the preceding embodiment. As 
in the preceding embodiment, each reaction member 260, 
260' has reaction shafts, an end portion of one of which is 
retained within an aperture of the casing 200 of the variator. 
The other reaction shaft is secured by a yoke 286, 286' that has 
apertures through which the control rods 274, 274 pass. 
(0078. The reaction members 260, 260' are operatively 
linked by a load-sharing assembly. The load-sharing assem 
bly comprises a bar 290 mounted to the casing 286 by a pivot 
292. The bar 290 is pivotally connected to the yokes 286,286 
symmetrically about the pivot 292. Therefore, an equal and 
opposite force is applied to each reaction member through its 
yoke, which ensures that an equal reaction torque is applied to 
the rollers 220, 222: 220', 222' in the two toroidal cavities. 
007.9 FIGS. 8 to 10 illustrate another embodiment of the 
invention. The variator comprises an input race 310 and simi 
lar first and second output races 314 (only one is shown) 
disposed, in the direction of the variator axis, to opposite sides 
of the input race 310. Within each of the two toroidal cavities 
defined by the races, there are three rollers 320, 322, 324; 
320', 322 (one of which is not shown in the drawings). 
0080. The variator comprises a reaction member 360,360' 
in each cavity. The reaction members 360,360' are coupled to 
one another by a load balancing assembly that includes a bar 
390 pivotally mounted on a casing 300 of the variator, each 
reaction member 360 being pivotally connected to the bar 390 
symmetrically about its pivot 392. 
0081. Each roller 320, 322, 324; 320', 322 is carried for 
rotation by a respective carriage assembly 326,328,330: 326 
328 (one of which is not shown in the drawings). Each roller 
carriage assembly 320, 322,324; 320', 322 comprises a car 
rier 366 and a mounting part 370. The roller 320 is mounted 
for rotation on the carrier 366. The carrier 366 is connected to 
the mounting part 370 such that it is free to undergo a tilting 
motion to change the tilt angle of the rollers 320, 322, 324; 
320', 322 and thereby change the variator ratio. A control peg 
372 projects from each mounting part. 
I0082 An annular control member 340,340' is provided in 
each cavity. Each control member 340, 340' has three radial 
slots 342 into each of which one of the control pegs 372 is 
received. The variator further includes a hydraulic actuator 
associated with each cavity. Each actuator comprises a cylin 
der 382,382 that is fixed to a casing 300 of the variator, and 
an actuator rod 384 (only one of which can be seen in the 
drawings) that can be driven linearly into or out of the cylin 
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der by suitable application of hydraulic fluid to the cylinder 
382. Each actuator rod 384 is connected to a respective con 
trol member 340, 340' by a pivot 344, 344'. By this arrange 
ment, operation of the hydraulic actuator causes the control 
members 340,340' to rotate, which, in turn, causes movement 
of the control pegs 370, and thus rotation of the carriers 366 
on their respective mounting parts 370. 
0083. In FIGS. 11 and 12 the reaction member 460 is 
mounted for rotation about the variator axis in response to a 
reaction torque above a pre-determined level. The reaction 
member 460 comprises a body 480 having an aperture 482 
through which a variator input shaft and/or output shaft may 
pass with clearance. Reaction shafts 484, 490 project coaxi 
ally and in opposite directions from the body 480 and are 
aligned normal to the variator axis within the centre plane of 
the variator. As in the second embodiment, one of the reaction 
shafts 490 is connected to an actuator 480 through ayoke 486. 
The other reaction shaft 490 is linked to a resilient mounting 
assembly 430. 
0084. In this embodiment, the resilient mounting assem 
bly 430 includes a support bar 432 to which the reaction shaft 
490 is connected and a cradle 434 that is connected to a casing 
of the variator. The support bar 432 is retained in the cradle by 
compressed springs 436 against which the reaction shaft 490 
applies a torque reaction force. The reaction torque creates a 
couple on the Support bar 432 and its rotation displaces trans 
mission the reaction shaft 490. The springs 436 may be set to 
deflect when the force applied exceeds a certain threshold. 
The force imparted may be detected and employed to provide 
an input signal to the control member 70, for example such 
that the control member acts to reduce the reaction torque 
detected, thereby operating to reduce the torque passing 
through the variator. 
0085. It will be seen that in each of these embodiments, 
actuation of the variator to cause the rolling elements to pitch 
takes place substantially or entirely radially outwardly of the 
rolling elements. Thus, components that are responsible for 
performing actuation have minimal or no intrusion into the 
space between the rolling elements. In each of these embodi 
ments, actuation of the variator to causes the rolling elements 
to pitch takes place in a space that does not extend beyond the 
races in a direction parallel to the variator axis. In many cases, 
when the variator is used as part of a larger transmission 
system, there is little or no available space beyond the races in 
the direction of the variator axis within which components 
can be packaged. In addition, in each embodiment, the axis 
about which the pitching rotation occurs is not coincident 
with a physical component such as a shaft and an axis— 
instead, it is defined by the constraints imposed upon the 
motion of the carriers by components (such as the actuation 
point and the reaction point) that are remote from the tilt axis. 
What is claimed is: 
1. A variator comprising: 
an input Surface and an output surface, the input and output 

Surfaces being coaxially mounted for rotation about a 
variator axis, and a toroidal cavity being defined 
between the working Surfaces; 

a plurality of rolling elements disposed between and being 
in driving engagement with the input and the output 
Surfaces at respective contact regions, each rolling ele 
ment being mounted on a carriage assembly for rotation 
about a rolling axis, each rolling element being free to 
pivot about a tilt axis, the tilt axis passing through the 
rolling element perpendicular to the rolling axis, and 
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intersecting the rolling axis at a roller centre, whereby a 
change in the variator ratio being the ratio of rotational 
speeds of the races occurs with a change in tilt angle; 

wherein each carriage assembly is mounted for pivotal 
movement about a pitch axis that results in a change of a 
pitch angle of the rolling element, the pitch axis passing 
through the roller centre and through the contact 
regions; 

the variator further comprising a control member operative 
to actuate at least one of the carriage assemblies to 
undertake the said pivotal movement thereby changing 
the pitch angle, so urging the plurality of rolling ele 
ments to pivot about their tilt axes and thereby provide a 
change in variator ratio; and 

a reaction member operatively coupled to the plurality of 
rolling elements such that it bears the reaction torque 
from the rolling elements within the toroidal cavity and 
is movable in a radial direction relative to the variator 
axis and optionally is movable in a non-radial direction 
Such that the reaction member balances reaction loads 
generated by each rolling element within the toroidal 
cavity. 

2. (canceled) 
3. A variator according to claim 1 in which reaction torque 

is borne by the reaction member separately from the control 
member. 

4. A variator according to claim 1 in which the reaction 
member is pivotally coupled to the centre of each rolling 
element. 

5. (canceled) 
6. (canceled) 
7. A variator according to claim 1 comprising a damper to 

dampen movement of the reaction member. 
8. A variator according to claim 1 comprising a reaction 

member wherein the reaction member comprises a mechani 
cal end-stop to limit movement of the reaction member in a 
radial direction relative to the variator axis. 

9. A variator according to claim 1 in which the reaction 
member is mounted for rotation about the variator axis in 
response to reaction torque arising from the disc to rolling 
element contact thereby changing the variator ratio. 

10. (canceled) 
11. A variator according to claim 1 in which the roller 

carriage centre has radial float with resect to the variator axis 
relative to the reaction member. 

12. A variator according to claim 1 in which the reaction 
member has float in the direction of the variator axis. 

13. A variator according to claim 1 comprising resilient 
means against which the reaction member may be urged in 
response to a reaction torque. 

14. A variator according to claim 1 in which each carriage 
assembly is actuated at an actuation point radially distant 
from the pitch axis such that the carriage undergoes pivotal 
movement about the pitch axis. 

15. A variator according to claim 1 in which each actuation 
point is offset from the centre plane of the toroidal cavity in a 
direction parallel to the variator axis. 

16. A variator according to claim 1 in which a castor axis 
for each rolling element extends through the centre of the 
rolling element and its actuation point. 

17. (canceled) 
18. A variator according to claim 1 in which each rolling 

element and its respective carriage assembly together have 
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four points of contact, the points of contact being at the input 
Surface, the output Surface, an actuation point and a reaction 
point. 

19. A variator according to claim 1 in which the control 
member is adapted to provide actuation by translational 
moVement. 

20. A variator according to claim 1 in which the control 
member actuates the carriage assembly at a location radially 
outward of a cylindrical surface which is parallel to the varia 
tor axis and tangential to the periphery of the larger of the 
input Surface and output Surface. 

21. A variator according to claim 1 in which the respective 
carriage assemblies are actuated simultaneously. 

22. (canceled) 
23. A variator according to claim 1 comprising a single 

control member on which the carriage assemblies are 
mounted. 

24. (canceled) 
25. (canceled) 
26. A variator according to claim 1 in which each carriage 

assembly comprises a stem coupled to the control member. 
27. (canceled) 
28. A variator according to claim 1 in which the control 

member is operatively coupled to the plurality of rolling 
elements on the same side of a plane that includes the variator 
aX1S. 

29. A variator according to claim 1 in which the toroidal 
cavity contains not more than two rolling elements. 

30. A variator according to claim 1 comprising power 
means to actuate the control member having a power output of 
less than 20 W. 

31. (canceled) 
32. (canceled) 
33. A variator according to claim 1 in which movement of 

each carriage about the pitch axis is achieved by a single 
translational input Substantially perpendicular to the carriage 
reaction force. 

34. (canceled) 
35. A variator according to claim 1 in which movement of 

each carriage about the pitch axis is achieved by means of a 
single actuator for all roller carriages of the variator. 

36. A variator according to claim 1 that is a full-toroidal 
variator. 

37. A variator according to claim 1 further comprising: 
a second input Surface and a second, facing output Surface 

defining a second toroidal cavity; 
a second plurality of rolling elements disposed between the 

second input and second output surfaces and being in 
driving engagement with the second input and the sec 
ond output Surfaces at respective contact regions, each 
rolling element being mounted on a carriage assembly 
for rotation about a rolling axis, each rolling element 
being free to pivot about a tilt axis, the tilt axis passing 
through the rolling element perpendicular to the rolling 
axis, and intersecting the rolling axis at a roller centre, 
whereby a change in the variator ratio being the ratio of 
rotational speeds of the races occurs with a change in tilt 
angle; 

wherein each carriage assembly is mounted for pivotal 
movement about a pitch axis that results in a change of a 
pitch angle of the rolling element, the pitch axis passing 
through the roller centre and through the contact 
regions: 
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the control member or a second control member for actua 
tion of the each second carriage assembly to pitch the 
second plurality of rolling elements resulting in a change 
in pitch angle and a change in variator ratio: 

a first reaction member operatively coupled to the plurality 
of rolling elements in the first cavity and a second reac 
tion member operatively coupled to the second plurality 
of rolling elements in the second cavity such that the first 
and second reaction members bear reaction loads arising 
from the respective rolling elements. 

38. A variator according to any one of the claim 37 further 
comprising: a load-sharing assembly operatively linked to the 
reaction members of the first and second cavities such that 
reaction torque from the reaction members is balanced. 

39. A drive arrangement for transmitting drive from an 
engine to an auxiliary unit, the drive arrangement incorporat 
ing a variator according to claim 1. 

40. A drive arrangement according to claim 39 for a super 
charging arrangement for an internal combustion engine 
comprising a Supercharger having a rotational drive input a 
transmission having a rotational drive input to receive drive 
from an internal combustion engine, and a rotational drive 
output coupled to the input of the Supercharger wherein the 
transmission includes the variator operatively connected 
between the input and the output of the transmission. 

41. (canceled) 
42. (canceled) 
43. (canceled) 
44. (canceled) 
45. (canceled) 
46. (canceled) 
47. A variator comprising: 
an input Surface and an output Surface, the input and output 

Surfaces being coaxially mounted for rotation about a 
variator axis, and a toroidal cavity being defined 
between the working Surfaces; 

a plurality of rolling elements disposed between and being 
in driving engagement with the input and the output 
Surfaces at respective contact regions, each rolling ele 
ment being mounted on a gimbal on a carriage assembly 
for rotation about a rolling axis, each rolling element 
being free to pivot about a tilt axis, the tilt axis passing 
through the rolling element perpendicular to the rolling 
axis, and intersecting the rolling axis at a roller centre, 
whereby a change in the variator ratio being the ratio of 
rotational speeds of the races occurs with a change in the 
tilt angle; 

wherein each carriage assembly is mounted for pivotal 
movement about a pitch axis that results in a change of a 
pitch angle of the rolling element, the pitch axis passing 
through the roller centre and through the contact 
regions; 

the variator further comprising a control member operative 
to actuate at least one of the carriage assemblies to 
undertake the said pivotal movement thereby changing 
the pitch angle, so urging the plurality of rolling ele 
ments to rotate about their tilt axes and thereby provide 
a change in variator ratio; and 

a reaction member operatively coupled to the plurality of 
rolling elements such that it bears the reaction torque 
from the rolling elements within the toroidal cavity. 

48. A variator according to claim 47, wherein the gimbal 
provides a castor angle for the roller. 
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49. A variator according to claim 1, wherein the carriage 
assembly comprises a stem which lies in the centre plane of 
the variator. 


