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IRVINE, CA 92614 (Us) A continuously variable gear is described having an input 
_ _ shaft (1), a plurality of traction balls (2) distributed radially 

(73) Asslgnee: Fallbrook Technologles Inc" San around the axis, each traction ball (2) is mounted on an axle 
Dlego’ CA (Us) (3) passing there through, the axles (3) are tiltable in the radial 

_ grooves (4) in the housing (5) and support plate (6), To control 
(21) Appl' NO" 12/159’688 the position of the traction bails (2), the axles are guided in 

. _ curved slots (13) of turnable iris plate (7). To control the axial 
(22) PCT Flled' Dec' 18’ 2006 placement of the traction balls (2), there is a rotatable input 

(86) PCT NO _ PCT [[1306 I5 4911 disc (8) positioned adjacent to the traction balls (2), a rotat 
" able output disc (9) positioned adjacent to the traction balls 

§ 371 (0X1) (2) opposite the input disc (8), and a pre-spanning ring around 
(2) (4) Date’: Jun_ 30 2008 the traction balls (2) such that each of the traction balls (2) is 

s ’ making three-point contact With the input disc (8), the output 
(30) Foreign Application Priority Data disc (9) and the pre-spanning ring (11), the contact surface of 

the pre-spanning ring (11) having a speci?c curvature larger 
Dec. 30, 2005 (EP) ................................ .. 050287093 than the radius of the traction balls (2). 
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FIG. 4B (for illustrative purposes only) 
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CONTINUOUSLY VARIABLE GEAR 
TRANSMISSION 

TECHNICAL FIELD 

[0001] The present invention relates to a continuously vari 
able gear transmission of the kind set forth in the preamble of 
claim 1. 

BACKGROUND ART 

[0002] In continuously variable gear transmissions of this 
kind it is knoWn to provide an axial force generator in the form 
of a spring to ensure the necessary contact pressure betWeen 
the surfaces of the input and output discs and the traction 
balls. A continuously variable gear transmission of this kind 
is eg knoWn from US. Pat. No. 2,469,653, in Which the 
tension of the spring for providing the necessary contact 
pressure can be adjusted by means of a nut. 

DISCLOSURE OF THE INVENTION 

[0003] It is the object of the present invention to provide a 
variable gear transmission of the kind referred to above, in 
Which the torque trans fer is improved under varying loads and 
during fast change of transmission ratio, and having an e?i 
cient, simple and compact design compared to the prior art. 
This object is achieved With a continuously variable gear 
transmission of said kind, Which according to the present 
invention also comprises the features set forth in the charac 
terising part of claim 1. With this arrangement, the forces 
from the pre-spanning ring, having a curvature With a radius 
larger than the radius of the traction balls and a pre-span, Will 
provide the necessary normal forces in the contact points 
When the transmission is running With a constant ratio, in 
Which situation the traction balls and the pre-spanning ring 
Will have contact Where the pre-spanning ring has its largest 
inner diameter. When the gear transmission ratio is increased 
by tilting the ball axes, the output shaft has to accelerate the 
driven unit and therefore a higher transfer torque is necessary. 
The inertia of the driven unit often has a siZe so that the 
acceleration torque is larger than the transferred torque When 
the gear is not in the transient phase. 
[0004] The fast tilt of the traction ball axes Will make the 
pre-spanning ring move axially in the same direction as the 
ball surface. When the pre-spanning ring moves axially, the 
normal force Will change because of the changed inner diam 
eter at the contact point. When the transmission ratio stops 
changing, the pre-spanning ring Will move back to its normal 
position With contact point at the largest inner diameter With 
a speed related to the operating speed. 
[0005] The exact curvature of the inner surface of the pre 
spanning ring can be designed to match the requirements of 
the speci?c usage, eg a smaller radius Will mean an ability to 
accelerate units With greater inertia. 
[0006] The continuously variable gear transmission may 
further be provided With an axial force generator Which Will 
increase the normal forces on the traction balls When the 
torque requirements rise, and decrease the forces When the 
torque requirements fall. 
[0007] By means of the combination of the axial force 
generator and the curvature of the pre-spanning ring, the 
transmission Will automatically adjust to the prevailing load 
situation. 
[0008] Preferably all forces for providing the required 
torque are internal and limited to the input shaft, from the 
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axial force generator to the input disc, the traction balls, the 
pre-spanning ring, the output disc and through a thrust bear 
ing back to the input shaft. Thus, these forces are not trans 
ferred through the housing. 
[0009] The position of the traction balls is controlled by 
their three-point contact, and the angle of the traction ball 
axles can be controlled by a rotatable iris plate. The iris plate 
is a disc or plate With spiral grooves, and the iris plate is 
shaped to ?t around the curvature of the traction balls, keep 
ing a constant distance to the traction balls. 
[0010] The axles of the tractionballs pass through the radial 
grooves in the support plate and the spiral grooves in the iris 
plate and When the iris plate is rotated, the axles Will tilt. In 
order to provide room for the tilting movement, the grooves in 
the iris plate are Wider than the diameter of the axles and in 
order to prevent play, the axles are ?tted With iris rollers 
having a diameter equal to the Width of the grooves in the iris 
plate. Different systems for rotation of the iris plate can be 
envisaged, such as eg using a step motor for controlling the 
transmission ratio. 
[0011] If the step motor or similar actuator is connected to 
the support plate With the radial grooves and the support plate 
has a minor rotational play, the actuator forces under rapid 
movement can be minimised. This Will be explained in the 
folloWing. 
[0012] If the axle of each traction ball is lying in a plane 
through the input shaft respectively, the balls are performing 
a pure rolling and the ball axles are stable. 
[0013] If the radial grooves in the housing and support plate 
are not perfectly aligned, the ball axle is tilted and the ball Will 
behave like a turning Wheel on a car. Because is it axially ?xed 
it can only start tilting in the groove. 
[0014] This reaction Will continue until the ball axles hit the 
stops in the grooves and the reaction time and direction Will be 
dependent upon the siZe of the misalignment and the turning 
direction of the support plate relative to the rotational direc 
tion of the input disc. 
[0015] If the rotational direction of the input disc is clock 
Wise and the support plate is provided With a small rotation 
clockWise, the front ends of the ball axles Will move toWards 
the rotational axis of the input shaft. If the support plate is 
rotated counter clockWise, the front ends of the ball axles Will 
move aWay from the rotational axis of the input shaft. Thus by 
controlling the rotational position of the support plate it is 
possible to enforce and support the activation of the iris plate. 
[0016] If the actuator housing is connected to the support 
plate and the actuator arm is connected to the iris plate, these 
Will alWays move in opposite directions, and if the support 
plate is ?exibly mounted With springs forcing it toWards the 
ideal aligned position, the actuator forces can be kept to a 
minimum and at the same time providing a quick actuation. 
[0017] As a simplistic alternative the supporting rotation of 
the support plate can be provided by means of that part of the 
force from the iris plate to the traction ball axles, Which is not 
directed in the radial direction of the grooves in the support 
plate. This solution Will only require that the turning of the iris 
plate for reducing the transmission ratio is chosen in accor 
dance With the corresponding rotational direction of the input 
disc, and naturally that the support plate is ?exibly mounted 
With a possibility of a small rotation. 

[0018] In an alternative embodiment the continuously vari 
able gear transmission further comprises a disengagement 
mechanism, Which lets the driven unit freeWheel relative to 
the driving unit, When no drive of the driven unit is needed. 
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Preferably the disengagement mechanism is controlled by the 
iris plate in such a Way that With the transmission in its loWest 
ratio further turning of the iris plate keeps the traction ball 
axles in the same position and ramps on the iris plate transfers 
a force through a clutch plate to the input disc, Which conse 
quently is disengaged from the traction balls, thus disengag 
ing the connection betWeen the driving unit and the driven 
unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Embodiments of the invention Will be described 
more fully beloW With reference to the draWing, in Which 
[0020] FIG. 1 shoWs a sectional vieW of a continuous vari 
able transmission according to the invention seen in the direc 
tion A-A in FIG. 2, 
[0021] FIG. 2 shoWs a side vieW of the continuously vari 
able transmission shoWing the radial grooves in the support 
plate, 
[0022] FIG. 3 shoWs the iris plate With spiral grooves, 
[0023] FIG. 4A shoWs a sectional vieW of the axial force 
generator, 
[0024] FIG. 4b shoWs an exploded vieW of the axial force 
generator, 
[0025] FIG. 5A shoWs a sectional vieW of the pre-spanning 
ring and a traction ball, in the constant ratio state, 
[0026] FIG. 5B shoWs a sectional vieW of the pre-spanning 
ring and a traction ball after a quick tilt of the traction balls 
axles 
[0027] FIG. 6A shoWs the iris plate With modi?ed grooves 
and ramps for the alternative embodiment With disengage 
ment mechanism, 
[0028] FIG. 6B shoWs the iris plate ofFIG. 6a in a perspec 
tive vieW more clearly shoWing the ramps, 
[0029] FIG. 7 shoWs the clutch plate and control pins used 
in the alternative embodiment 
[0030] FIG. 8 shoWs a sectional vieW of the continuously 
gear transmission in accordance With the alternative embodi 
ment With the disengagement mechanism cut through a trac 
tion ball, 
[0031] FIG. 9 shoWs a sectional vieW corresponding to FIG. 
8, but cut betWeen the traction balls. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] FIG. 1 shoWs a section through a continuously vari 
able transmission according to an embodiment of the inven 
tion. The transmission comprises an input shaft 1 Whose 
rotation is to be converted into rotation of an output shaft 10, 
Whose one end extends out of the gear, said output shaft 10 
being axially aligned With the input stub shaft 1. As shoWn in 
FIGS. 4A and 4B, the input shaft 1 is connected by an axial 
force generator to an input disc 8. The axial force generator 
consists of a number of ramps 14 on the input shaft 1, a 
number of ramps 15 on the input disc 8 and in betWeen a 
number of balls 16. This axial force generator provides an 
axial force varying With the torque of the input shaft 1. The 
slope of the ramps 14, 15 is calculated to create an axial force 
to result in the needed normal force on the traction balls 2 to 
give the required traction. 
[0033] This axial force presses the traction balls 2 toWards 
the pre-spanning ring 11. When the input shaft 1 rotates the 
traction balls 2, they Will start spinning, and the contact point 
betWeen traction balls 2 and pre-spanning ring 11 Will move 
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to the axial centre of the pre-spanning ring 11, Where the inner 
diameter is largest, as shoWn in FIG. 5A. 
[0034] When the traction balls 2 are tilted rapidly, the pre 
spanning ring Will folloW axially and the contact point Will 
move to a point With a smaller inner diameter of the pre 
spanning ring 11, as shoWn in FIG. 5B, Which results in a 
larger normal force at the contact points of the tractionballs 2. 
[0035] The positions of the traction balls are de?ned by the 
three contact points With the input disc 8, pre-spanning ring 
11 and output disc 9, and the axles are supported by the 
grooves in the housing 5 and the support plate 6 shoWn in FIG. 
2. 
[0036] The iris plate 7 shoWn in FIG. 3 controls the angle of 
the traction ball axles 3. The axles 3 of the traction balls 2 
supported by the radial grooves 4 in the housing 5 and the 
support plate 6 passes through the grooves 13 in the iris plate 
7. When the iris plate 7 turns, the axles 3 Will tilt. In order to 
make it possible for the axles 3 to pass through the grooves 13 
at an angle, the grooves 13 in the iris plate 7 are Wider than the 
diameter of the friction ball axles 3. To prevent play, the 
friction ball axles 3 are equipped With iris rollers 17, Which 
have the same diameter as the grooves 13 in the iris plate. 
[0037] The iris plate 18 shoWn in FIGS. 6A and 6B com 
prises grooves 19, the inner part of Which maintain a constant 
radius, in order to provide the minimum transmission ratio in 
connection With disengagement. The disengagement is pro 
vided by means of the ramps 20 on the iris plate 18, said ramps 
20 forcing the clutch plate 21 shoWn in FIG. 7 toWards the 
thrust bearing 22, When the iris plate 18 is turned further 
onWards after reaching the minimum transmission ratio. The 
thrust bearing 22 Will thus push the input disc 8 aWay from its 
engagement With the traction balls 2 Whereby the driven unit 
is disengaged from the driving unit. In this situation i.e. the 
disengaged position of the input disc 8, the torque on the input 
shaft 1 Will be close to Zero and thus if an axial force generator 
is present, the axial force Will be at a minimum, further 
supporting the disengagement of the transmission. The rota 
tional position of the clutch plate 21 may be controlled by 
means of pins 23 inserted in the housing, Whereby the move 
ment of the clutch plate 21 is limited to an axial movement. 
[0038] The FIGS. 8 and 9 shoW different cross-sectional 
vieWs of the transmission With the disengagement mecha 
nism implemented. In FIG. 8 the cross-sectional vieW is pro 
vided through a traction ball 1 and in FIG. 9 a cross-sectional 
vieW is provided betWeen the traction balls 1. 
[0039] Above the invention has been described in connec 
tion With a preferred embodiment, hoWever, many deviations 
may be envisaged Without departing from the scope of the 
folloWing claims, such as having the pre-spanning ring posi 
tioned on the inside of the traction balls 2 and the input and 
output discs positioned With contact on the outside of the 
traction balls 2, or other possible mechanisms for tilting the 
traction balls 2, etc. 

1-14. (canceled) 
15. An apparatus for facilitating control of the ratio of a 

continuously variable transmission (CVT), the apparatus 
comprising: 

a ?rst member having a ?rst plurality of radial grooves; 
a second member having a second plurality of radial 

grooves; 
Wherein the ?rst and second pluralities of radial grooves 

are arranged angularly about an axis; and 
Wherein the ?rst and second members are con?gured for 

rotation relative to one another such that during opera 
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tion of the CVT the ?rst plurality of radial grooves can be 
angularly misaligned relative to the second plurality of 
grooves. 

16. The apparatus of claim 15, Wherein the ?rst member 
comprises a stationary member. 

17. The apparatus of claim 16, Wherein the second member 
comprises a support plate con?gured for rotation relative to 
the ?rst member. 

18. The apparatus of claim 15, Wherein the ?rst member 
comprises a housing member. 

19. The apparatus of claim 18, Wherein the second member 
comprises a support plate. 

20. The apparatus of claim 19, further comprising an actua 
tor housing and an actuator arm, the actuator housing coupled 
to the support plate, and the actuator arm coupled to a mecha 
nism for tilting a plurality of traction balls of a CVT. 

21. A method for facilitating control of the ratio of a con 
tinuously variable transmission (CVT), the method compris 
mg: 

providing a plurality of traction balls; 
providing each traction ball With a ball axle about Which 

the traction ball rotates; 
providing a ?rst plurality of grooves for engaging a ?rst end 

of the ball axles; 
providing a second plurality of grooves for engaging a 

second end of the ball axles; and 
arranging the ?rst and second plurality of grooves relative 

to one another such that during operation of the CVT the 
?rst plurality of grooves can be misaligned relative to the 
second plurality of grooves. 

22. The method of claim 21, Wherein the ?rst and second 
plurality of grooves comprise radial grooves. 

23. The method of claim 21, Wherein ?rst plurality of 
grooves is part of a housing. 

24. The method of claim 23, Wherein the second pluraliy of 
grooves is part of a support plate. 

25. The method of claim 24, further comprising providing 
an actuator housing and an actuator arm, the actuator housing 
being coupled to the support plate, and the actuator arm being 
coupled to a mechanism for tilting the plurality of traction 
balls. 

26. A method of controlling the ratio of a continuously 
variable transmission, the method comprising: 

providing a plurality of traction balls; 
providing a ?rst plurality of radial grooves for engaging a 

?rst end of each of the ball axles; 
providing a second plurality of radial grooves for engaging 

a second end of each of the ball axles; and 
providing a second plurality of radial grooves for engaging 

a second end of the ball axles; and 
rotating the ?rst and second plurality of radial grooves 

relative to one another. 
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27. The method of claim 26, further comprising providing 
an input disc in contact With the plurality of balls, and Wherein 
a clockWise rotation of the input disc and a clockWise rotation 
of the second plurality of grooves results in the ball axles 
being tilted in a ?rst direction in the radial grooves. 

28. The method of claim 27, Wherein a counterclockwise 
rotation of the second plurality of grooves results in the ball 
axles being tilted in a second direction in the radial grooves. 

29. The method of claim 26, Wherein providing a second 
plurality of radial grooves comprises providing a support 
plate comprising a plurality of radial grooves. 

30.-35. (canceled) 
36. A continuously variable transmission (CVT) compris 

mg: 
a plurality of traction balls angularly arrayed about a shaft, 

each traction ball provided With a ball axle about Which 
the ball rotates; 

an input disc in contact With the traction balls; 
an output disc in contact With the traction balls; 
a prespanning ring in contact With the balls; 
Wherein the input and output discs contact the balls at a 

position that is radially inWard relative to the position 
Where the prespanning ring contacts the balls; and 

Wherein the prespanning ring is con?gured to translate 
axially When the ball axles are tilted. 

37. A continuously variable transmission (CVT) compris 
ing: 

a shaft; 
a plurality of traction balls arrayed angularly about a lon 

gitudinal axis of the shaft; 
a plurality of tiltable ball axles, each ball axle correspond 

ing to a traction ball; 
a ?rst plurality of radial grooves engaging a ?rst end of the 

balls axles; 
a second plurality of radial grooves engaging a second end 

of the ball axles; and 
Wherein the ?rst plurality of radial grooves is con?gured 

for rotation relative to the second plurality of radial 
grooves such that rotation of the ?rst plurality of radial 
grooves causes the ball axles to tilt in the ?rst and second 
pluralities of radial grooves. 

38. The CVT of claim 37, Wherein the ?rst plurality of 
grooves are formed in a support plate. 

39. The CVT of claim 38, Wherein the second plurality of 
grooves is stationary and the support plate is con?gured to 
have minor rotational play about its ideal aligned position. 

40. The CVT of claim 37, further comprising an input disc, 
an output disc, and a prespanning ring, Wherein the input disc, 
output disc, and prespanning ring each contacts the plurality 
of traction balls. 


