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CONTINUOUSLY VARIABLE TRANSMISSION

BACKGROUND OF THE INVENTION

Related Applications

[0001] This application claims the benefit of, and herby incorporates by

reference herein in its entirety, U.S. Provisional Application 60/943,273, filed on June 11,

2007.

Field of the Invention

[0002] The field of the invention relates generally to transmissions, and more

particularly to continuously variable transmissions (CVTs).

Description of the Related Art

[0003] There are well-known ways to achieve continuously variable ratios of

input speed to output speed. The mechanism for adjusting an input speed from an output

speed in a CVT is known as a variator. In a belt-type CVT, the variator consists of two

adjustable pulleys having a belt between them. The variator in a single cavity toroidal-

type CVT has two partially toroidal transmission discs rotating about a shaft and two or

more disc-shaped power rollers rotating on respective axes that are perpendicular to the

shaft and clamped between the input and output transmission discs.

[0004] Embodiments of the invention disclosed here are of the spherical-type

variator utilizing spherical speed adjusters (also known as power adjusters, balls, sphere

gears or rollers) that each has a tiltable axis of rotation; the speed adjusters are distributed

in a plane about a longitudinal axis of a CVT. The speed adjusters are contacted on one

side by an input disc and on the other side by an output disc, one or both of which apply a

clamping contact force to the rollers for transmission of torque. The input disc applies

input torque at an input rotational speed to the speed adjusters. As the speed adjusters

rotate about their own axes, the speed adjusters transmit the torque to the output disc.

The input speed to output speed ratio is a function of the radii of the contact points of the

input and output discs to the axes of the speed adjusters. Tilting the axes of the speed

adjusters with respect to the axis of the variator adjusts the speed ratio.



Summary of the Invention

[0005] The systems and methods herein described have several features, no

single one of which is solely responsible for its desirable attributes. Without limiting the

scope as expressed by the claims that follow, its more prominent features will now be

discussed briefly. After considering this discussion, and particularly after reading the

section entitled "Detailed Description of Certain Inventive Embodiments" one will

understand how the features of the system and methods provide several advantages over

traditional systems and methods.

[0006] One aspect of the invention relates to a power roller assembly for a

continuously variable transmission (CVT). The power roller assembly includes a

generally spherical power roller having a central bore. In one embodiment, the power

roller assembly has a roller axle operably coupled to the central bore. The power roller

assembly can include a leg coupled to the roller axle. The leg has a first end and a second

end. The first end has a roller axle bore and the second end has a shift cam guide surface.

The leg has a tapered surface between the first end and the second end.

[0007] Another aspect of the invention concerns a continuously variable

transmission (CVT) having a plurality of power roller-leg assemblies. Each power roller-

leg assembly has a skew-shift reaction roller. In one embodiment, the CVT has a single-

piece carrier having a substantially cylindrical hollow body. The carrier operably couples

to each of the power roller-leg assemblies. Each of the power roller-leg assemblies are

arranged at least in part on an interior of the hollow body. The carrier can be configured

to contact each of the skew-shift reaction rollers on the interior of the hollow body.

[0008] Yet another aspect of the invention involves a carrier for a

continuously variable transmission (CVT). The carrier has a generally cylindrical hollow

body having a first end and a second end. In one embodiment, the carrier includes a first

support axle coupled to the first end. The first support axle extends axially from a first

end exterior surface. The carrier can include a second support axle coupled to the second

end. The second support axle extends axially from a second end exterior surface. The

carrier has a number of openings arranged radially about the outer periphery of the

cylindrical hollow body. The carrier also has a first set of radial grooves formed on a



first end interior surface, and a second set of radial grooves formed on a second end

interior surface. The first and second sets of radial grooves are each configured to couple

to a respective plurality of skew-shift reaction rollers of the CVT.

[0009] One aspect of the invention concerns a power input assembly for a

continuously variable transmission (CVT). The power input assembly includes a cam

driver having a first face, a second face, and an inner bore. The first face has a set of

ramps. The power input assembly includes a torsion plate operably coupled to the cam

driver. In one embodiment, the power input assembly has a group of pawls operably

coupled to the torsion plate. Each of the pawls are operably coupled to the inner bore of

the cam driver. The pawls are configured to facilitate a transfer of torque from the

torsion plate to the cam driver in a first direction.

[0010] Another aspect of the invention relates to a power input assembly for a

continuously variable transmission (CVT). The power input assembly includes a traction

ring and a load cam roller cage operably coupled to the traction ring. The load cam roller

cage has a group of load cam rollers. In one embodiment, the power input assembly

includes a load cam driver operably coupled to the load cam roller cage. The load cam

driver has a set of ramps operably coupled to the load cam rollers. The load cam driver

has a groove formed on an outer circumference. The power input assembly also includes

a torsion spring coupled to the load cam roller cage and to the load cam driver. The

torsion spring is located in the groove of the load cam driver.

[0011] Yet one more aspect of the invention addresses a method of

assembling a continuously variable transmission (CVT) having a set of power roller-leg

assemblies, a housing cover, and a traction ring coupled to each of the power roller-leg

assemblies. The method includes providing a roller cage operably coupled to the traction

ring. In one embodiment, the method includes providing a drive washer operably

coupled to the roller cage. The method also includes installing a shim between the drive

washer and the housing cover. The shim is configured to provide an axial pre-load force

of the CVT.

[0012] In another aspect, the invention concerns a shifter interface assembly

for a continuously variable transmission (CVT) having a main axle. The shifter interface

assembly includes a shift rod arranged at least in part in a hollow bore of the main axle.



In one embodiment, the shifter interface has a ball bearing coupled to the shift rod and to

the main axle. The shifter interface also includes a shift retainer nut coupled to the ball

bearing and coupled to the main axle.

[0013] Another aspect of the invention relates to a shifter interface assembly

for a continuously variable transmission (CVT) having a main axle arranged along a

longitudinal axis. The shifter interface assembly includes a shift rod having an elongated

body. The shift rod can be positioned in a hollow bore of the main axle wherein at least a

portion of the shift rod is enclosed by the main axle. The shifter interface assembly

includes a clip coupled to the shift rod. In one embodiment, the shifter interface

assembly has a first groove formed on the shift rod. The first groove can be configured to

receive an o-ring. The shifter interface assembly can also include a second groove

formed on the shift rod. The second groove can be configured to receive the clip. The

shift rod and the main axle are configured relative to each other such that the first groove

is located inside the hollow bore of the main axle and the second groove is located

outside of the hollow bore.

[0014] One aspect of the invention relates to a method of assembling a

continuously variable transmission (CVT). The method includes providing a brake

adapter having a first substantially flat surface, a shoulder extending radially outward

from the first flat surface, and a piloting surface arranged at least partly on an inner

circumference of the flat surface. The piloting surface extends axially from the first flat

surface. In one embodiment, the method includes providing a housing cover having a

second substantially flat surface, an annular recess substantially surrounding the second

flat surface, and an inner bore. The method can include placing the piloting surface in the

inner bore. The method can also include aligning the first flat surface with the second

flat surface. The first flat surface is in contact with the second flat surface. The method

include providing a retaining ring. In one embodiment, the method includes aligning the

retaining ring to surround the shoulder and the annular recess. The method can also

include fastening the retaining ring to enclose the shoulder and the annular recess such

that the retaining ring rigidly couples the brake adapter to the housing cover.



BRIEF DESCRIPTION OF THE FIGURES

[0015] Figure 1 is a cross-section of one embodiment of a continuously

variable transmission (CVT).

[0016] Figure 2A is a detail view A, of the cross-section shown in Figure 1,

showing generally a variator subassembly.

[0017] Figure 2B is a perspective view of certain components of the CVT,

shown in Figure 1, generally illustrating a cage subassembly of the variator subassembly.

[0018] Figure 2C is a cross-section of one embodiment of an idler

subassembly for the CVT shown in Figure 1.

[0019] Figure 2D is a perspective, exploded view of the idler subassembly of

Figure 2C.

[0020] Figure 2E is a cross-section of one embodiment of the idler

subassembly of Figure 2C as implemented with other components of the CVT shown in

Figure 1.

[0021] Figure 3A is a detail view B, of the cross-section shown in Figure 1,

generally illustrating a power input subassembly.

[0022] Figure 3B is a perspective, cross-sectional view of certain CVT

components shown in Figure 3A.

[0023] Figure 3C is a cross-sectional view of certain components of the power

input subassembly shown in Figure 3A.

[0024] Figure 4A is a detail view C, of the cross-section shown in Figure 1,

generally showing an input side axial force generation subassembly.

[0025] Figure 4B is an exploded, perspective view of various components of

the axial force generation subassembly of Figure 4A.

[0026] Figure 5 is a detail view D of the cross-section shown in Figure 1,

generally showing an output side axial force generation subassembly.

[0027] Figure 6 is a detail view E, of the cross-section shown in Figure 1,

generally showing a shifter interface subassembly for a CVT.

[0028] Figure 7 is a cross-section of yet another embodiment of a

continuously variable transmission (CVT).



[0029] Figure 8A is a detail view F, of the cross-section shown in Figure 7,

showing generally a variator subassembly.

[0030] Figure 8B is a perspective view of certain components of the variator

subassembly shown in Figure 8A.

[0031] Figure 8C is a perspective, cross-sectional view of the components

shown in Figure 8B.

[0032] Figure 8D is a perspective, cross-sectional view of an alternative

embodiment of certain components of the variator subassembly shown in Figure 8A.

[0033] Figure 8E is a perspective, cross-sectional view of an alternative

embodiment of certain components of the variator subassembly shown in Figure 8A.

[0034] Figure 8F is a perspective, cross-sectional view of an alternative

embodiment of certain components of the variator subassembly shown in Figure 8A.

[0035] Figures 8G-I are perspective and cross-sectional views of an

alternative embodiment of certain components of the variator subassembly shown in

Figure 8A.

[0036] Figure 8J is a cross-sectional view of an alternative embodiment of a

leg.

[0037] Figure 8K is a perspective view of the leg of Figure 8G.

[0038] Figure 8L is a cross-sectional view of an alternative embodiment of a

leg.

[0039] Figure 8M is a perspective view of the leg of Figure 81.

[0040] Figure 8N is a perspective, cross-sectional view of one embodiment of

a traction ring.

[0041] Figure 8P is a cross-sectional view of the traction ring of Figure 81.

[0042] Figure 8Q is a cross-sectional view of one embodiment of certain

components of a variator subassembly.

[0043] Figure 8R is a perspective view of one embodiment of a carrier

assembly that can be used with the variator subassembly shown in Figure 8Q.

[0044] Figure 8S is a perspective view of an alternative embodiment of a

carrier that can be used with the variator subassembly shown in Figure 8Q.



[0045] Figure 8T is a cross-sectional view of one embodiment of certain

components of an alternative variator subassembly

[0046] Figure 8U is a perspective view of an embodiment of a carrier that can

be used with the variator subassembly shown in Figure 8T.

[0047] Figure 9A is a detail view G of the cross-section shown in Figure 7,

generally illustrating a power input subassembly.

[0048] Figure 9B is a perspective, exploded view of certain components of the

power input subassembly shown in Figure 9A.

[0049] Figure 9C is a cross-sectional view of an alternative power input

subassembly.

[0050] Figure 9D is a perspective view of an input driver that can be used

with the power input subassembly shown in Figure 9C.

[0051] Figure 9E is a cross-sectional view of an input driver that can be used

with the power input subassembly shown in Figure 9A.

[0052] Figure 9F is a cross-sectional view of yet another alternative power

input subassembly.

[0053] Figure 9G is a cross-sectional view of an input driver that can be used

with the power input subassembly shown in Figure 9D.

[0054] Figure 9H is a cross-sectional view of yet another alternative power

input subassembly.

[0055] Figure 9J is a perspective view of an input driver that can be used with

the power input subassembly shown in Figure 9H.

[0056] Figure 9K is a cross-sectional view of certain components of a power

input subassembly.

[0057] Figure 9L is a cross-sectional view of an input driver that can be used

with the power input subassembly shown in Figure 9G.

[0058] Figure 9M is a perspective view of a bearing nut that can be used with

the power input subassembly shown in Figure 9A.

[0059] Figure 9N is a perspective view of another embodiment of a bearing

nut that can be used with the power input subassembly shown in Figure 9A .



[0060] Figure 9P is a perspective view of yet another embodiment of a

bearing nut that can be used with the power input subassembly shown in Figure 9A.

[0061] Figure 9Q is a perspective view of one embodiment of a main shaft

that can be used with the variator of Figure 7.

[0062] Figure 9R is a perspective view of another embodiment of a main shaft

that can be used with the variator Figure 7.

[0063] Figure 9S is a cross-sectional detail view of certain components of an

alternative power input subassembly that can be used with the variators described.

[0064] Figure 9T is a perspective, sectioned, exploded view of certain

components of a power input subassembly.

[0065] Figure 9U is a perspective view of an embodiment of a torsion plate

that can be used to facilitate an internal freewheel function in a variator.

[0066] Figure 9V is a cross-sectional, detailed view of the torsion plate of

Figure 9U.

[0067] Figure 9W is a perspective, cross-sectional view of a load cam driver

that can be used with the torsion plate of Figure 9U.

[0068] Figure 9X is a perspective view of an embodiment of a pawl that can

be used with the torsion plate of Figure 9U.

[0069] Figure 1OA is a detail view H, of the cross-section shown in Figure 7,

generally showing an output side axial force generation subassembly.

[0070] Figure 1OB is a perspective, cross-sectional view of a hub cover that

can be used with the subassembly shown in Figure 1OA.

[0071] Figure 1OC is a perspective view of certain components of the input

side axial force generation subassembly shown in Figure 1OA.

[0072] Figure H A is a detail view I, of the cross-section shown in Figure 7,

generally showing a shifter interface subassembly.

[0073] Figure H B is a cross-sectional view of certain components of an

alternative shifter interface subassembly.

[0074] Figure H C is a cross-sectional view of certain components of one

more alternative shifter interface subassembly.



[0075] Figure 12A is a perspective view of an anti-rotation washer that can be

used with the variator of Figure 7.

[0076] Figure 12B is a cross-sectional view of the anti-rotation washer of

Figure 12A.

[0077] Figure 12C is a perspective view of another anti-rotation washer that

can be used with the variator of Figure 7.

[0078] Figure 12D is a cross-sectional view of the anti-rotation washer of

Figure 12C.

[0079] Figure 13A is a cross-section of yet another embodiment of a

continuously variable transmission (CVT).

[0080] Figure 13B is perspective, sectioned, exploded view of one

embodiment of a cover and certain associated components that can be used with the

variators described here.

DETAILED DESCRIPTION OF CERTAIN INVENTIVE EMBODIMENTS

[0081] The preferred embodiments will be described now with reference to

the accompanying figures, wherein like numerals refer to like elements throughout. The

terminology used in the descriptions below is not to be interpreted in any limited or

restrictive manner simply because it is used in conjunction with detailed descriptions of

certain specific embodiments of the invention. Furthermore, embodiments of the

invention can include several novel features, no single one of which is solely responsible

for its desirable attributes or which is essential to practicing the inventions described.

The CVT embodiments described here are generally of the type disclosed in U.S. Patent

Nos. 6,241,636; 6,419,608; 6,689,012; 7,01 1,600; 7,166,052; and U.S. Patent Application

Nos. 11/243,484 and 11/543,31 1. The entire disclosure of each of these patents and

patent applications is hereby incorporated herein by reference.

[0082] As used here, the terms "operationally connected," "operationally

coupled", "operationally linked", "operably connected", "operably coupled", "operably

linked," and like terms, refer to a relationship (mechanical, linkage, coupling, etc.)

between elements whereby operation of one element results in a corresponding,

following, or simultaneous operation or actuation of a second element. It is noted that in



using said terms to describe inventive embodiments, specific structures or mechanisms

that link or couple the elements are typically described. However, unless otherwise

specifically stated, when one of said terms is used, the term indicates that the actual

linkage or coupling may take a variety of forms, which in certain instances will be readily

apparent to a person of ordinary skill in the relevant technology.

[0083] For description purposes, the term "radial" is used here to indicate a

direction or position that is perpendicular relative to a longitudinal axis of a transmission

or variator. The term "axial" as used here refers to a direction or position along an axis

that is parallel to a main or longitudinal axis of a transmission or variator. For clarity and

conciseness, at times similar components labeled similarly (for example, control piston

582A and control piston 582B) will be referred to collectively by a single label (for

example, control pistons 582).

[0084] Embodiments of a continuously variable transmission (CVT), and

components and subassemblies therefor, will be described now with reference to Figures

1-1 2D. Figure 1 shows a CVT 100 that can be used in many applications including, but

not limited to, human powered vehicles (for example, bicycles), light electrical vehicles,

hybrid human-, electric-, or internal combustion powered vehicles, industrial equipment,

wind turbines, etc. Any technical application that requires modulation of mechanical

power transfer between a power input and a power sink (for example, a load) can

implement embodiments of a CVT 100 in its power train.

[0085] As illustrated in Figure 1, in one embodiment the CVT 100 includes a

shell 102 that couples to a cover 104. The shell 102 and the cover 104 form a housing

that, among other things, functions to enclose most of the components of the CVT 100.

A main axle 106 provides axial and radial positioning and support for other components

of the CVT 100. For descriptive purposes only, the CVT 100 can be seen as having a

variator subassembly 108 as shown in detail view A, an input subassembly 110 as shown

in detail view B, an input-side axial force generation subassembly 112 as shown in detail

view C, an output-side axial force generation subassembly 114 as shown in detail view D,

and a shift rod and/or shifter interface subassembly 116 as shown in detail view E. It

should be understood that characterization of the CVT 100 in terms of these

subassemblies is for illustration purposes only and does not necessarily establish that



these subassemblies, or components included therein, must all be present or configured

exactly as shown in the CVT 100. These subassemblies will now be described in further

detail.

[0086] Referring now to Figures 2A-2E, in one embodiment the variator

subassembly 108 includes a number of traction power rollers 202 placed in contact with

an input traction ring 210, output traction ring 212, and a support member 214. A shift

rod 216 threads into a shift rod nut 218, which is located between and is adapted to

interact with the shift cams 220. A support member bushing 232 is piloted by the main

axle 106 and interfaces with the shift rod nut 218. When the materials selected for the

main axle 106 and the shift rod nut 218 differ, it is preferable to avoid rough surface

finishes on the harder of the two materials. A shift rod nut collar 219 is mounted

coaxially about the main axle 106 and is positioned between the shift cams 220. The

shift cams 220 contact the cam rollers 222. Each of several legs 224 couples on one end

to a cam roller 222. Another end of each leg 224 couples to a power roller axle 226,

which provides a tiltable axis of rotation for the power roller 202. In some embodiments,

the power roller axles 226 rotate freely with respect to the legs 224, by the use of

bearings for example, but in other embodiments the power roller axles 226 are fixed

rotationally with respect to the legs 224. As best seen in Figure 2B, a stator plate 236

and a stator plate 238 couple to a number of stator rods 240 to form a carrier 242. In

some embodiments, the number of stator rods 240 of the carrier 242 is preferably less

than 9, more preferably less than 7, even more preferably less than 6, and most preferably

less than 5. The carrier 242 is configured to facilitate the axial and radial support of the

power rollers 202 and the legs 224, among other things. In some embodiments, the

carrier 242 is configured to be rotatable and to, thus, facilitate the transfer of power into

or out ofthe CVT IOO.

[0087] In the embodiment shown in Figure 2A, the support member 214 rides

on bearing balls 228 that are positioned between the support member 214 and the shift

cams 220. In some instances, for description purposes only, the power roller 202, power

roller axle 226, leg 224, and cam roller 222 are referred to collectively as the power

roller-leg assembly 230. Similarly, at times, the support member 214, shift cams 220,

support member bushing 232, shift rod nut collar 219, and other components related



thereto, are referred to collectively as the idler assembly 234. Figures 2C-2D show one

embodiment of the idler assembly 234. In addition to components already mentioned

above, the idler assembly 234 in some embodiments includes retaining rings 244 and

thrust washers 246. The retaining rings 244 fit in snap ring grooves of the support

bushing 232, and the thrust washers 246 are positioned between the retaining rings 244

and the shift cams 220. In some embodiments, as shown in Figure 2D, the ball bearings

228 may be encased in bearing cages 248. Figure 2E shows the idler assembly

assembled on the main axle 106.

[0088] Turning now to Figures 3A-3C, one embodiment of a power input

subassembly 110 is depicted and will be described now. In one embodiment, the input

subassembly 110 includes a freewheel 302 that couples to one end of an input driver 304.

In some embodiments, the freewheel 302 can be a one-way clutch, for example. A

torsion plate 306 couples to another end of the input driver 304. A cam driver 308

couples to the torsion plate 306. In the embodiment shown, the cam driver 308 and the

torsion plate 306 have mating splines and the cam driver 308 mounts coaxially with the

torsion plate 306.

[0089] In the embodiment illustrated, the input driver 304 rides on ball

bearings 310A, 310B. One set of ball bearings 310A rides on a race provided by a

bearing nut 312. A second set of ball bearings 310B rides on a race provided by a

bearing race 314. The bearing nut 312 and the bearing race 314 fit over the main axle

106. In one embodiment, the bearing nut 312 threads onto the main axle 106, while the

bearing race 314 is pressed fit onto the main axle 106. As shown in Figure 3A, the input

driver 304, the bearing nut 312, and the bearing race 314 are configured to provide the

functionality of, for example, angular contact bearings.

[0090] The shell 102 rides on a radial ball bearing 316, which is supported on

the input driver 304. A seal 318 is placed between the shell 102 and the input driver 304.

A seal 320 is placed between the bearing race 314 and the input driver 304. Another seal

321 is placed between the input driver 304 and the bearing nut 312. To react certain axial

loads that arise in the CVT 100, interposed between the cam driver 308 and the shell 102

there is a thrust washer 322 and a needle roller bearing 324. In this embodiment, the

shell 102 is adapted to transmit torque into or out of the CVT 100. Hence, the shell 102,



in certain embodiments, can be configured to both transfer torque and to react axial loads,

since the thrust washer 322 and/or the needle roller bearing 324 transmit axial force to the

shell 102.

[0091] Referencing Figures 4A-4B now, one embodiment of an input-side

axial force generation subassembly (input AFG) 112 will be described now. The input

AFG 112 includes a cam driver 308 in contact with a number of load cam rollers 406.

The load cam rollers 406 are positioned and supported by a roller cage 404. The rollers

406 also contact a set of ramps 420 that are, in this embodiment, integral with the input

traction ring 210 (see Figure 4B for an illustration of exemplary ramps 420). As the cam

driver 308 rotates about the main axle 106, the cam driver 308 causes the rollers 406 to

ride up the ramps 420. This roll-up action energizes the rollers 406 and thereby generates

an axial force, as the rollers 406 are compressed between the cam driver 308 and the

ramps 420. The axial force serves to clamp, or urge the input traction ring 210 against,

the power rollers 202. In this embodiment, the axial force generated is reacted to the

shell 102 through a needle bearing 324 and a thrust washer 322; in some embodiments,

however, the thrust washer 322 is not used, but rather an equivalent bearing race can be

provided integral to the shell 102. As illustrated, the needle bearing 324 is placed

between the load cam driver 308 and the thrust washer 322. Preferably, the surfaces of

the thrust washer 322 in contact with the shell 102 and the needle bearing 324 are flat. In

some embodiments, the needle bearing 324 includes needles having profiles on the

surfaces in contact with the thrust washer 322 and the load cam driver 308. In one

embodiment, the needles of the needle bearing 324 have a straight, center portion and

radiused, or curved, end portions (not shown).

[0092] Turning to Figure 5 now, one embodiment of an output-side axial

force generation subassembly (output AFG) 114 is shown. A set of load cam rollers 506,

similar to the load cam rollers 406 discussed above, is positioned and supported in a

roller cage 505, which is similar to the roller cage 404. The rollers 506 are interposed

between the output traction ring 212 and the shell cover 104. In some embodiments the

number of load cam rollers 506 retained in the roller cage 404 can be between 8 and 16.

In some embodiments, a surface 507 of the shell cover 104 is adapted to react the rollers

506. In one embodiment, the reaction surface 507 is flat; however, in other



embodiments, the reaction surface 507 has load cam ramps, such as ramps 420. Figure 5

shows a gap between the rollers 506 and the shell cover 104; however, after assembly of

the CVT 100, the gap closes as the torsion springs 402, 503 cause the rollers 406, 506 to

ride up ramps 420, 520 on the input traction ring 210 and output traction ring 212,

respectively. Once the output traction ring 212 rotates about the main axle 106 under

torque transfer from the power roller 202, the rollers 506 travel further up the ramps 520,

which generates additional axial force as the rollers 506 are further compressed between

the output traction ring 212 and the shell cover 104.

[0093] A shifter and/or shift rod interface subassembly 116 will be described

now with reference to Figure 6. The shifter interface 116 serves, among other things, to

cooperate with a shifting mechanism (not shown) to actuate the shift rod 216 for

changing the transmission ratio of the CVT 100. The shifter interface 116 also serves to

retain the shift rod 216 and constrain the axial displacement of the shift rod 216. In the

embodiment illustrated, the shifter interface 116 includes a shift rod retainer nut 602

adapted to receive the shift rod 216 and to mount about the main axle 106. The shifter

interface 116 can also include a nut 604 adapted to be threaded on the shift rod retainer

nut 602 for, among other things, coupling the main axle 106 to a dropout (not shown) of a

bicycle and to prevent the shift rod retainer nut 602 from unthreading off the main axle

106 during operation of the shifter mechanism. As shown in Figure 6, the snifter

interface 116 can also include an o-ring 606 for providing a seal between the shift rod

retainer nut 602 and the shift rod 216.

[0094J Referring to Figure 1, the input assembly 110 allows torque transfer

into the variator 108. The input assembly 110 has a sprocket 156 that converts linear

motion from a chain (not shown) into rotational motion. Although a sprocket is used

here, other embodiments of the CVT 100 may use a pulley that accepts motion from a

belt, for example. The sprocket 156 transmits torque to an axial force generating

mechanism, which in the illustrated embodiment is an axial force generation assembly

112 that transmits the torque to the input ring 210. The axial force generation mechanism

112 transmits torque from the sprocket 156 to the input ring 210 and generates an axial

force that resolves into the contact force for the input disc 210, the balls 202, the idler

assembly 234 and the output ring 212. The axial force is generally proportional to the



amount of torque applied to the axial force generating mechanism 112. In some

embodiments, the sprocket 156 applies torque to the axial force generating mechanism

112 via a one-way clutch (detail not shown) that acts as a coasting mechanism when the

CVT 100 spins but the sprocket 156 is not supplying torque

[0095] In the embodiment of Figure 1, a shift rod 1105 actuates a

transmission ratio shift of the CVT 100. The shift rod 1105, coaxially located inside the

main shaft 106, is an elongated rod having a threaded end that extends out one side of the

main shaft 106 to connect to a shifter interface assembly 116. The other end of the shift

rod extends into the idler assembly 234, which mounts generally transversely in the shift

rod nut 218, as shown in Figure 2A. The shift rod nut 218 engages the idler assembly

234 so that the shift rod 1105 can control the axial position of the idler assembly 234.

[0096] An alternative embodiment of a CVT 700, and components and

subassemblies therefor, will be described now with reference to Figures 7-12H. Figure

7 shows a cross-section view of CVT 700 similar in function to the CVT 100 illustrated

and described with reference to Figure 1. In one embodiment, the CVT 700 includes a

shell 702 that couples to a cover 704. The shell 702 and the cover 704 form a housing to

enclose most of the components of the CVT 700. A main axle 706 provides axial and

radial positioning and support for other components of the CVT 700. The CVT 700 can

be described as having a variator subassembly 708 as shown in detail view F, power input

subassembly 710 as shown in detail view G, an input-side axial force generation 712

subassembly as shown in detail view J, an output-side axial force generation 714 as

shown in detail view H, and a shift rod and/or shifter interface subassembly 716 as shown

in detail view I . Alternative embodiments of these subassemblies will be described now

in further detail.

[0097] Referencing Figure 8A, in one embodiment, the sub assembly 708

includes a number of traction power rollers 802 placed in contact with an input traction

ring 810, output traction ring 812, and an idler subassembly 834. Various embodiments

of a power roller-leg assembly 800 and associated components are shown and described

with reference to Figures 8B-8I.

[0098] One embodiment of the power roller-leg assembly 800 is illustrated in

Figures 8B and 8C. The power roller-leg assembly 800 includes the traction power



roller 802 supported on needle roller bearings 804 and a roller axle 826 having, in one

embodiment, a constant diameter along the length of the roller axle 826. Spacers 806 are

placed on each end of the roller bearings 804, and one of the spacers 806 is located

between the roller bearings 804. The ends of the roller axle 826 extend beyond legs 824

and receive skew rollers 808. The skew rollers 808 can be secured by a retaining washer

830 pressed onto the roller axle 826. The legs 824 can be adapted to support shift guide

rollers 809, which (among other things) provide a reaction surface to support a tilt motion

of the power roller-leg assembly 800 when the transmission ratio of the CVT 700 is

adjusted.

[0099] Passing to Figures 8D and 8E, alternative ways to retain the skew

roller 808 onto the roller axle 826 will be described now. The skew roller 808 can be

retained with a clip 832A fixed to the roller axle 826 in a groove 832B formed into the

roller axle 826, as shown in Figure 8D. Alternatively, as shown in Figure 8E, the skew

roller 808 can be retained on the roller axle 826 by deforming the ends of the roller axle

826 to create a cap 836. The cap 836 can be manufactured with an orbit forming

technique well known in the relevant technology, for example. In some embodiments,

the leg 824 is constructed to enclose substantially most of the end of the roller axle 826,

as illustrated in Figure 8F. In this latter embodiment, the roller axle 826 is not provided

with the skew rollers 808 as the leg 824 can directly provide the skew support function.

The skew roller 808 shown in Figures 8D and 8E are generally cylindrical with a central

through bore mating with the roller axle 826.

[0100] Referring now to Figures 8G-8I, in one embodiment, a skew-shift

reaction roller 860 includes a generally toriconical-shaped external surface and a central

through bore, which central bore facilitates mating the skew-shift reaction roller 860 with

the roller axle 826. In some embodiments, the skew-shift reaction roller 860 can be

retained on the roller axle 826 with, for example, a clip 832. The skew-shift reaction

roller 860 is preferably configured to provide simultaneously the support for reactions

forces that arise from shifting and for reaction forces that arise from the phenomenon of

skew. As discussed below with reference to Figures 8T and 8U, a carrier 862 can be

configured to cooperate with the skew-shift reaction roller 860 so that the reaction forces

from shifting and skewing can be reacted by a single skew-shift reaction roller 860, rather



than a combination of (for example) a skew roller 808 and a shift guide roller 809.

Hence, a leg 827 that can be used with the skew-shift reaction roller 860 need not be

provided with a bore 823 (see Figure 8C) for receiving an axle (not shown) for

supporting the shift guide roller 809. In some embodiments, a skew-shift roller 870 can

be generally spherical with a countersunk bore 872 to mate with the roller axle 826, as

shown in Figures 8H and 81. The leg 821 in this embodiment can include a filleted

shoulder 824C to provide clearance for the skew-shift roller 870.

[0101] Referencing Figures 8K-8M now, in one embodiment a leg 824A can

be a body having one end 850 and a second end 852, a roller axle bore 841 , a guide roller

axle bore 842, a shift cam guide surface 845, and a tapered side surface 843. In the

embodiment illustrated in Figures 8K-8J, the roller axle bore 841 is substantially

perpendicular to the guide roller bore 842 and parallel to the central bore 844. In some

embodiments, the tapered side surface 843 has very little taper (in some instances even

no taper at all) and is substantially parallel to the shift cam guide surface 845; in other

embodiments, the tapered side surface 843 is angled relative to the shift cam guide

surface 845, resulting in the end 850 having a width 851 larger than a width 853 of the

second end 852. In some embodiments, the end 850 and the tapered surface 845 can

include chamfers 847, 848 and 846, as shown in Figure 8J . The length of the roller axle

bore 841 can be adjusted in embodiments of power roller-leg assemblies using the skew

rollers 808 as illustrated in Figures 8B-8E and 8G-8I; however, in some embodiments,

the power roller-leg assemblies do not use the skew rollers 808, as illustrated in Figure

8F. In another embodiment, the leg 824B, shown in Figures 8L and 8M, includes a face

860 located near one end 850 that is in contact with the stators 236 and 238. Preferably,

the power roller-leg assemblies 800 are configured to maintain geometric compatibility

with the associated interfaces in the variator assembly 708.

[0102] Passing to Figures 8N-8P now, in one embodiment a traction ring 810

is similar to the traction ring 812. The traction ring 810 can be a generally annular ring

having a set of ramps 852 on one side of the traction ring 810. In certain embodiments,

the ramps 852 can be unidirectional as shown; however, in other embodiments, the ramps

852 can be bidirectional. A side of the traction ring 810 opposite to the ramps 852

includes a conical, traction or friction surface 854 for transmitting power to or receiving



power from the power roller 802. In the embodiment shown in Figures 8N-8P, the

traction ring 810 includes a recess 856 for receiving and supporting a torsion spring, such

as the torsion spring 402, for example. In some embodiments, a step 850 is formed into

the traction ring 810 to, among other reasons; reduce the weight of the traction ring 810.

In one embodiment, the step 850 is an annular recess that extends from one edge of the

traction surface 854 to a lateral surface 857 of the traction ring 810. That is, in some

embodiments, the traction surface 854 of the traction ring 810 does not extend to the

lateral surface 857.

[0103] Turning now to Figures 8Q-8U, embodiments of a carrier will be

described now. As described previously, and illustrated in Figure 2B, a carrier 242 can

be, among other things, an assembly having stator plates 236 and 238 connected with

rods 240 and having, among other attributes, grooves to guide the power roller-leg

assembly 230, and can be rigidly connected to a central main axle 706. In other

embodiments, carriers 872, 873 depicted in Figures 8Q-8S can be used in a substantially

similar manner as the carrier 242.

[0104] As shown in Figure 8Q, the power roller-leg assembly 801 having

skew-shift reaction rollers 870 can be configured to cooperate with the carrier 872 and

the idler assembly 834. In the embodiment illustrated, a first support axle 707 can be

coupled to one side of the carrier 872 and have a central through bore 7061 to allow,

among other things, access for coupling the shift rod 8805 with the idler assembly 834; a

second support axle 7 11 is coupled to a second side of the carrier 872. In this

embodiment, the shift rod 8805 is used to radially align and support the idler assembly

834 and is supported on one section by a bushing 8806 constrained in the bore of the

support axle 707 and on one end by a bushing 8807 constrained in a bore 8808 of the

second support axle 7 11.

[0105] The carrier 872, as shown in Figure 8R, can be a generally cylindrical

and hollow body 877 having openings 878 on the circumferential walls of the body 877.

In some embodiments, the first and second support axles 707, 7 11 are formed (for

example, by casting) as one integral piece with the body 877. Preferably, the openings

878 are configured to form carrier legs 880 that substantially provide a similar function to

the stator rods 240. The openings 878 can be symmetrically arranged around the



circumference of the body 877; in some embodiments, the openings 878 are

asymmetrically arranged so that an opening 876 provides, among other things, clearance

for installing the idler assembly 834. In some embodiments, as shown in Figure 8S, it is

preferable for the openings 881 and 883 to be configured to provide carrier legs 885

which are dimensionally larger than the carrier legs 880 and can structurally strengthen

the carrier 872, in particular, the carrier legs 885 are configured to provide torsional

strength to the carrier 872. A number of radial grooves 874 can be formed in the carrier

872 to guide the skew-shift rollers 870. In this embodiment, the radial grooves 874 have

a substantially hemi-cylindrical profile for mating with the skew-shift rollers 870. The

radial grooves 874 react shift and skew forces transmitted by the skew-shift rollers 870

that are generated either while shifting a CVT 700 or operating a CVT 700.

[0106] Referring to Figure 8T, in one embodiment a carrier 862 that can be

used with power roller-leg assemblies 803 having skew-shift rollers 860 is described.

The carrier 862 includes a generally hollow cylindrical body 889 with openings 866

formed on the circumference of the body 889 to form carrier legs 880 and an access

opening 868 and similar in function to carrier 872. Preferably, a number of grooves 864

are formed into the body 889 to guide and otherwise cooperate with the skew-shift rollers

860. The grooves 865 in this embodiment can have a profile that generally conforms to

the toriconical shape of the skew-shift rollers 860 with an adequate clearance groove 864

for the roller axle 826. The grooves 864 provide substantially similar function as the

grooves 874 for reacting skew and shift forces transmitted by the skew-shift rollers 860.

It should be readily apparent to the person having ordinary skill in the relevant

technology that embodiments of the carriers 862, 872, and 873 can be modified for use

with substantially cylindrical skew rollers 808 and shift guide roller 809 as shown in

Figures 8B-8E; with the legs 824, 824A, and 824B shown in Figures 8F and 8K-8M.

[0107] Turning to Figures 9A-9T, various embodiments of the power input

assemblies 710 are illustrated and will be described now. For descriptive purposes only,

an input driver subassembly 900 can include an input driver 902, torsion plate 904,

bearings 906, seal 908, spacer 910, and bearing nut 912. In one embodiment, the torsion

plate 904 is affixed to the input driver 902, which has cartridge bearings 906 pressed and

retained on an inner diameter of the input driver 902 by shoulders 914 and 918 formed



into the input driver 902 (see Figure 9C). A cavity 916 can be formed on the inner

diameter of the input driver 902 in order to reduce component weight among other things.

A seal 908 is pressed or affixed on the inner diameter of the input driver 902.

[0108] As shown in Figure 9G, in one embodiment an input driver 952 is

provided with bearing races 922A and 922B. Figure 9H shows an embodiment of an

input driver assembly 959 having a freewheel 924 threaded onto the input driver 954 and

retained with a clip 928. In one embodiment, a slot 926 is formed into the input driver

954. In yet another embodiment, an input driver assembly 956 (shown in Figure 9K)

includes ball bearings 906 with outer races 907. An input driver 958 has chamfers 930A

and 93OB on the inner diameter to retain the outer races 907 of the ball bearings 906.

[0109] Figures 9D, 9E, 9G, 9J, and 9L show alternative embodiments of an

input driver. As shown in Figure 9D, in one embodiment the outer diameter of the input

driver 902 has splines 932, a groove 936, and bearing surface 940 and seal surface 942.

In another embodiment, as shown in Figure 9J, an outer diameter of an input driver 954

includes a threaded section 934, a groove 936, a key slot 926, and bearing surfaces 940

and seal surface 942. Referencing Figure 9G, in one embodiment, the inner diameter of

the input driver 952 can include bearing races 922A and 922B and a spiral groove 920,

which is preferably configured for delivering lubrication to the bearings 906. As

illustrated in Figure 9E, the inner diameter of the input driver 902 can be provided with

bearing recesses 944 and 946 for receiving cartridge bearings 906, which can be press fit,

for example, onto the bearing recesses 944 and 946. In some embodiments, a groove 916

is formed in the inner diameter of the input driver 902 to reduce weight, among other

reasons. In one embodiment, the input driver 902 includes shoulders 914 and 918 to

locate the bearings 906. With reference to Figure 9L, for some applications the inner

diameter of an input driver 958 includes a spiral groove 920 between the two chamfers

930A and 930B that retain and locate bearings 906. It should be readily apparent to the

person having ordinary skill in the relevant technology that any one specific embodiment

of an input driver suitable for use with the transmissions described here can include any

combination of aspects described with reference to the various, exemplary embodiments

of input drivers described. For example, in one embodiment an input driver can include



an outer diameter having the threaded portion 934 and an inner diameter having the

bearing races 922A, 922B or, alternatively, the chamfers 930A, 930B.

[0110] Passing to Figures 9N-9R, various alternative embodiments of a

bearing nut will be described now. As shown in Figure 9A, the bearing nut 912 is

positioned relative to the seal 908 in the input driver assembly 900 and threads onto the

main axle 706. Various embodiments of the bearing nut can be provided to

accommodate seal 908, or other components. In one embodiment shown in Figure 9M, a

bearing nut 913 includes a threaded inner bore 948, a sealing surface 954, and flats 950 in

an octagonal arrangement. The sealing surface 954 is on the outer diameter of the

bearing nut 913 and is configured to cooperate with the seal 908. In some embodiments,

the sealing surface 954 can also provide an inner bearing race for the input driver

assembly 710. As shown in Figure 9N, in another embodiment, a bearing nut 915 can

have a sealing shoulder 954A, parallel flats 952A, a threaded inner diameter 948A, and

friction teeth 956. The sealing shoulder 954A is configured to cooperate with the seal

908 in some embodiments. The friction teeth 956 in some embodiments are in contact

with a frame or structure, such as the dropouts of a bike frame, and can be used as an

anti-rotation member for the main axle 706 during torque reaction. In an another

embodiment, shown in Figure 9P, a bearing nut 917 has a threaded inner bore 948,

parallel flats 952, and a sealing surface 954, on the outer diameter of the bearing nut 917.

The embodiments of the bearing nut described can be modified to maintain geometric

compatibility at the interface between the bearing nut and the frame or a structure, such

as dropouts of a bike frame.

[0111] Passing now to Figures 9Q and 9R, one embodiment of a main axle

706 will be described. The main axle 706 has a first end having a flat 962 and a second

end having a flat 964 for, among other things, receiving the mounting bracket, chassis or

frame members such as the dropouts of a bicycle, for example. A central portion of the

main axle 706 has a through slot 970 for receiving the shift rod nut 218. In certain

embodiments, the main axle 706 is provided with a central bore 974 adapted to receive,

for example, the shift rod 1105. The central bore 974 need not go through the entire

length of the main axle 706. However, in other embodiments, the central bore 974 may

extend through the entire length of the main axle 706 for providing, for example, an



access port or lubrication port. The main axle 706 also includes knurled or splined

surfaces 978 that engage the stator plates 236 and 238. In one embodiment, illustrated in

Figure 9Q, a main axle 709 includes two bearing surfaces 958A and 958B for use with

various embodiments of an input driver, such as those shown and described with

reference to Figures 9D, 9F, and 9G. Referencing Figure 9R, in an alternative

embodiment, a main axle 706 includes two bearing race seats 960A, 960B for use with,

for example, input driver embodiments shown in Figures 9B, 9C, and 9E. The bearing

race seats 960A, 960B are preferably formed to, among other things, retain the inner race

of the cartridge bearings 906. In the embodiment illustrated in Figure 9R, the main axle

706 includes a bearing pilot portion 982 for supporting a bearing 118. The main axle 706

may additionally include a bearing race piloting surface 960A for supporting the bearing

race 314 (see Figure 3A and accompanying text).

[0112] Referring to Figure 9S and Figure 9T now, an input-side axial force

generation assembly 985 can include, among other things, a traction ring 990 in contact

with the power roller 802, and a load cam roller cage 992 cooperating with a load cam

driver 994. Axial forces generated at the load cam driver 994 are reacted axially by a

bearing 998 and thrust washer or race 999, which race 999 is in contact with the shell

702. In one embodiment, a torsion spring 996 can be coupled to the load cam roller cage

992 and to the cam driver 994 for providing preload on the load cam rollers 993. In some

embodiments, a groove 995 can be formed on the circumference of the load cam driver

994 to receive, support, and/or house the torsion spring 996.

[0113] Referring now to Figures 9U-9W, an embodiment of certain

components of the power input assembly will be described. A CVT can be provided an

internal freewheeling functionality with, among other things, a torsion plate 905 shown in

Figure 9U. The torsion plate 905 is provided with a number of radial slots 9051

configured to receive and support pawls 9052, which are configured to cooperate with a

number of internal teeth 9053 formed into, for example, a cam driver 9054 (Figure 9V);

the cam driver 9054 is substantially similar in function to the cam driver 994 but also

support the freewheeling of the CVT. In some embodiments, a retaining spring 9055 can

be used to energize the pawls 9052. For some applications, it is preferable to have

minimal angular rotation before engagement in order to minimize lost motion on the



input during operation of the CVT 700. For example, if it is determined that, in a certain

application of the CVT 700, the maximum angular rotation of the torsion plate 905 before

engagement of the pawls 9052 with the internal teeth 9053 is five degrees, then there are

several combinations of the number and radial arrangement of pawls 9052 on the torsion

plate 905 and the number of internal teeth 9053. In one embodiment, there can be

seventy-two internal teeth 9053 and at least one pawl 9052, or multiple pawls 9052

arranged symmetrically on the torsion plate 905 so that all pawls 9052 in this

embodiment engage the internal teeth 9053 simultaneously. In other embodiments, the

number of internal teeth may be fewer, such as thirty-six, to facilitate manufacturing, for

example, and in this embodiment the pawls 9052 can be arranged asymmetrically so a

number of the pawls 9052 will engage the internal teeth 9053 and the remaining pawls

9052 will not be engaged and be positioned radially between two internal teeth 9053. It

should be readily apparent to a person having ordinary skill in the relevant technology,

that the number of internal teeth 9053 and the number and arrangement of the pawls 9052

are configurable to achieve the desired angular engagement.

[0114] Turning now to Figure 9W, an embodiment of a pawl 9052 will be

described. The pawl 9052 can be a body having a pivot end 9056 and an engagement end

9057. On the pivot end 9056 there can be retaining flanges 9058 that couple to the

torsion plate 905 in such a way that the pawl 9052 is constrained in the radial slots 9051 ,

In some embodiments, there can be only one retaining flange 9058 on one side of the

pawl 9052 and the other side of the pawl can be retained in the radial slot 9051 by the

retaining spring 9055. The retaining flanges 9058 are generally "D" shaped, that is there

is a flat and a curved portion. The flat portion is in contact with the retaining spring 9055

and positions the pawl 9052 in the radial slot 9051 so that the engagement end 9057

contacts the internal teeth 9053.

[0115] Turning to Figures lOA-lOC now, one embodiment of an output-side

axial force generation subassembly (output AFG) 714 is shown. In one embodiment, the

output AFG 714 includes the cover 704, shim 1004, output drive washer 1006, load cam

rollers 1008, and roller cage 1010. The shim 1004 is used in some embodiments to adjust

the relative axial position of the input and output axial force generation subassemblies

712 and 714.



[0116] In some embodiments, referencing Figure 1OC, the cover 704 is made

of steel or aluminum and can be provided with a thrust surface 1012 that is configured to

contact either the load cam rollers 1008, the output drive washer 1006 or, as depicted in

Figure 1OA, the shim 1004. In some embodiments, a slot 1014 can be formed into the

cover 704 facilitate alignment and retention of the thrust washer 1006. In one

embodiment, a tab 1016 is formed on the output drive washer 1006 and is configured to

mate with the slot 1014. In some embodiments, there are two slots 1014 and two tabs

1016. In other embodiments, there can be, for example, four slots and four tabs for

alignment.

[0117] Referencing Figures 1IA-I Ic, alternative embodiments of a shifter

interface subassembly will be described now. In some embodiments, the shifting

mechanism for CVT 700 includes a shift rod 1105 and the main axle 706 arranged

concentrically, as depicted in Figure HA. The shift rod 1105 is retained by a shift rod

retainer nut 1104 that is threaded onto the main axle 706. The shift rod 1105 is connected

to a shifter mechanism (not shown) for changing the ratio of the CVT 700. In some

embodiments, a rider interfaces with the shifter mechanism via a hand grip that controls

cables which are operationally coupled to a shift pulley (not shown) and, thereby, to the

shift rod 1105. The shift rod 1105 is operably coupled to the idler assembly 834. During

operation, axial forces are generated on the idler assembly 834 due to forces at the

traction contact formed between the traction power rollers 802 and the idler assembly

834. These axial forces are reacted at an interface between the shift rod 1105 and the

main axle 706. In one embodiment, the interface includes a flange 1108 on the shift rod

1105 and a step 1106 on the main axle 706. In some embodiments, both the flange 1108

and the step 1106 are made of steel. The material hardness of the shift rod 1105 can be

relatively soft (25-28HRC) to accommodate the manufacturing processes to form other

attributes on the shift rod 1105, such as acme threads, splines, and o-ring groove 1107. In

some instances, the material softness can result in the flange 1108 having a poor surface

finish. The idler forces reacting through the shift rod 1105 against the main axle 706

generate a friction force at the flange 1108. The friction force by be overcome by the

rider through the shifter mechanism and the hand grip during a shift event.



[0118] Passing to Figure 1IB now, an embodiment of an interface between a

shift rod 1109 and a main shaft 701 includes a ball bearing 1110. Bearing races 1112 for

bearing balls 1111 are formed into the shift retainer nut 1104, the main axle 706, and the

shift rod 1105. In one embodiment, the races 1112 can be 30-degree flat faces and not

fully conformal to the bearing balls 1111. In some embodiments, the bearing balls 1111

have a material hardness that is greater than a material hardness of the races 1112;

consequently, the bearing balls 111 1 can wear and form the softer races 1112 into a

conformal race during operation. Alternatively, the races 1112 can be formed to be

conformal to the bearing balls 1111 at the time of manufacture.

[0119] As shown in Figure 11C, in one embodiment, a shift rod 1113 can be

provided with a groove 1114 for receiving a clip 1116A to provide the reaction interface

with a main shaft surface 1118 of the main axle 706. In some embodiments, the shift rod

1113 can be provided with an o-ring groove 1107 for receiving an o-ring 1115. The clip

11 16A can be made from hardened steel wire and have, for example, a rectangular or

circular cross section. In some embodiments, the clip 1116A can be constrained by the

slot 1114. In this embodiment, the surface of the clip 1116A rotates during a shift event

with respect to the main shaft face 1118 generating a friction force. In other

embodiments, the clip 1116A can be constrained by the main axle 706 and the shift rod

retainer nut 1104 so that the clip 1116A rotates in the shift rod slot 1114. In this

embodiment the friction forces are generated between the faces of the slot 1114 and clip

1116A. It is generally preferable to reduce the friction forces, for example, through

better surface finishes on the friction faces. Alternatively, the shift torque required can be

reduced, for example, by reducing the radius where the friction forces are generated.

[0120] Turning to Figures 12A-12D now, alternative embodiments for anti-

rotation washers are described. Shown in Figure 12A and Figure 12B is an embodiment

of an anti-rotation washer 726 that can be used in, for example, bike frames having

vertical or horizontal dropouts. In one embodiment, the anti-rotation washer 726 includes

a cylindrical body having a front face 1200 and back face 1204, a central bore 1203 with

parallel flats 1205, and a reaction shoulder 1202. The back face 1204 is preferably

configured to cooperate with a jam nut similar to nut 1103 or other similar fastener. The

front face 1200 has friction teeth 1201 located radially inward of an outer diameter of the



cylindrical body and spaced angularly about an axis passing through the central bore

1203. In some instances, the friction teeth 1201 are preferably configured to engage

surfaces of, for example, bike frame members. The reaction shoulder 1202 protrudes

from the front face 1200. In one embodiment, the reaction shoulder 1202 has a plurality

of faces in contact with the dropout of a bike frame and constrains the anti-rotation

washer 726 from rotating with respect to the frame. A piloting surface 1212 can be

provided to align the washer in the dropout of a bike frame, for example to equalize the

two ends of the main axle 706 for horizontal alignment in vertical dropouts. The parallel

flats 1205 are configured to mate to the main axle 706 and to prevent rotation of the main

axle 706 with respect to the anti-rotation washer 726 and, consequently, the dropout of

the bike frame.

[0121] An alternative anti-rotation washer 730 is shown in Figures 12C and

12D. The anti-rotation washer 730 has a front face 1209 and a back face 121 1. The

friction teeth 1201 are formed into a circumference of the front face 1209. The back face

121 1 can have a profile 1210 in some cases. The through-hole 1207 can be used to

support a bolt or fastener for coupling the anti-rotation washer 730 to, for example, a bike

frame. A slot 1208 can be formed in the reaction arm 1202. The reaction arm 1202

protrudes from the front face 1209. The reaction arm 1202, in one embodiment, extends

from the central bore to engage with the dropout of a bike frame. This engagement

prevents rotation of the anti-rotation washer 730 with respect to the dropout. The parallel

flats 1205 are preferably configured to mate to the main axle 706 and prevent rotation of

the anti-rotation washer 730 with respect to the main axle 706 and, consequently, prevent

rotation between the main axle 706 and bike frame dropout.

[0122] Passing now to Figure 13A, certain components of a CVT 1300 will be

described now. In one embodiment, the CVT 1300 includes a cover 1302 having a

threaded circumference 1303 configured to mate with the shell 702. A retaining ring

1304 is adapted to, among other things, secure or fasten a brake adapter 1306 to the cover

1302. In one embodiment, the cover 1302 has a substantially flat surface 1314

configured to mate to a substantially flat surface 1316 formed on the brake adapter 1306.

The brake adapter 1306 can have a piloting surface 1308 that engages an internal

diameter of the cover 1302 and be provided with a bearing shoulder 1322. In some



embodiments, the retaining clip 1304 is a generally cylindrical ring with a retaining

shoulder 1318 on the inner diameter. The retaining shoulder 13 18 is preferably shaped to

facilitate retaining the brake adapter 1306 against the cover 1302. In particular, in one

embodiment, the inner diameter of the retaining clip 1304 is suitably formed into a shape

that conforms to the combined profile of a shoulder 1310 on the brake adapter 1306 and

an annular shoulder 1312 on the cover 1302 to, thereby, clamp or secure the brake

adapter 1306 to the cover 1302. As shown in Figure 13B, the annular shoulder 1312 can

rise from an annular recess 1313 formed in the cover 1302. Since in some embodiments

the cover 1302 and the brake adapter 1306 are provided as separate components, this

facilitates the use of different materials for the cover 1302 and the brake adapter 1306. In

some embodiments, an o-ring groove 1320 can also be formed in the cover 1302 to retain

an o-ring (not shown) to provide a seal between the cover 1302 and the brake adapter

1306.

[0123] It should be noted that the description above has provided dimensions

for certain components or subassemblies. The mentioned dimensions, or ranges of

dimensions, are provided in order to comply as best as possible with certain legal

requirements, such as best mode. However, the scope of the inventions described herein

are to be determined solely by the language of the claims, and consequently, none of the

mentioned dimensions is to be considered limiting on the inventive embodiments, except

in so far as anyone claim makes a specified dimension, or range of thereof, a feature of

the claim.

[0124] The foregoing description details certain embodiments of the

invention. It will be appreciated, however, that no matter how detailed the foregoing

appears in text, the invention can be practiced in many ways. As is also stated above, it

should be noted that the use of particular terminology when describing certain features or

aspects of the invention should not be taken to imply that the terminology is being re

defined herein to be restricted to including any specific characteristics of the features or

aspects of the invention with which that terminology is associated.



WHAT WE CLAIM IS:

1. A power roller assembly for a continuously variable transmission (CVT),

the power roller assembly comprising:

a generally spherical power roller having a central bore;

a roller axle operably coupled to the central bore;

a leg coupled to the roller axle, the leg having a first end and a second end,

wherein the first end has a roller axle bore and the second end has a shift cam

guide surface; and

wherein the leg has a tapered surface between the first end and the second

end.

2. The power roller assembly of Claim I wherein the leg further comprises

a guide roller bore in proximity to the first end, the guide roller bore substantially

perpendicular to the roller axle bore.

3. The power roller assembly of Claim 1, further comprising a skew-shift

reaction roller coupled to the roller axle.

4. The power roller assembly of Claim 3, wherein the skew-shift reaction

roller is substantially toriconical.

5. The power roller assembly of Claim 3, wherein the skew-shift reaction

roller is substantially spherical.

6. A continuously variable transmission (CVT) comprising:

a plurality of power roller-leg assemblies each having a skew-shift

reaction roller; and

a single-piece carrier having a substantially cylindrical hollow body, the

carrier operably coupled to each of the power roller-leg assemblies, wherein each

of the power roller-leg assemblies are arranged at least in part on an interior of the

hollow body, the carrier configured to contact each of the skew-shift reaction

rollers on the interior of the hollow body.

7. The CVT of Claim 6, further comprising a first support axle coupled to a

first end of the carrier, the first support axle extending axially from a first exterior surface

of the carrier.



8. The CVT of Claim 6, further comprising a second support axle coupled to

a second end of the carrier, the second support axle extending axially from a second

exterior surface of the carrier.

9. A carrier for a continuously variable transmission (CVT), the carrier

comprising:

a generally cylindrical hollow body having a first end and a second end;

a first support axle coupled to the first end, the first support axle extending

axially from a first end exterior surface;

a second support axle coupled to the second end, the second support axle

extending axially from a second end exterior surface;

a plurality of openings arranged radially about the outer periphery of the

cylindrical hollow body;

a first plurality of radial grooves formed on a first end interior surface;

a second plurality of radial grooves formed on a second end interior

surface; and

wherein the first and second pluralities of radial grooves is each

configured to couple to a respective plurality of skew-shift reaction rollers of the

CVT.

10. The carrier of Claim 9, wherein at least one opening is configured to

facilitate the installation of an idler assembly of the CVT

11. The carrier of Claim 9, wherein the first and second plurality of radial

grooves comprise a substantially toriconical profile.

12. The carrier of Claim 9, wherein the first and second plurality of radial

grooves comprise a substantially hemi-spherical profile.

13. A power input assembly for a continuously variable transmission (CVT),

the power input assembly comprising:

a cam driver having a first face, a second face, and an inner bore, wherein

the first face has a plurality of ramps;

a torsion plate operably coupled to the cam driver;

a plurality of pawls operably coupled to the torsion plate, each of the

pawls operably coupled to the inner bore of the cam driver; and



wherein the pawls are configured to facilitate a transfer of torque from the

torsion plate to the cam driver in a first direction.

14. The power input assembly of Claim 13, wherein the cam driver comprises

a plurality of teeth located on the inner bore, the plurality of teeth configured to engage

the pawls.

15. The power input assembly of Claim 14, wherein the plurality of teeth and

the plurality of pawls are configured to couple so as to minimize an angular rotation of

the torsion plate in the first direction.

16. A power input assembly for a continuously variable transmission (CVT),

the power input assembly comprising:

a traction ring;

a load cam roller cage operably coupled to the traction ring, the load cam

roller cage having a plurality of load cam rollers;

a load cam driver operably coupled to the load cam roller cage, the load

cam driver having a plurality of ramps operably coupled to the load cam rollers,

the load cam driver having a groove formed on an outer circumference; and

a torsion spring coupled to the load cam roller cage and to the load cam

driver, the torsion spring located in the groove of the load cam driver.

17. The power input assembly of Claim 16, further comprising a bearing

coupled to the load cam driver, wherein the bearing is operably coupled to a housing of

the CVT.

18. A method of assembling a continuously variable transmission (CVT)

having a plurality of power roller-leg assemblies, a housing cover, and a traction ring

coupled to each of the power roller-leg assemblies, the method comprising:

providing a roller cage operably coupled to the traction ring;

providing a drive washer operably coupled to the roller cage;

installing a shim between the drive washer and the housing cover; and

wherein the shim is configured to provide an axial pre-load force of the

CVT.

19. The method of Claim 18, further comprising selecting a shim having a size

corresponding to an axial pre-load force of the CVT.



20. A shifter interface assembly for a continuously variable transmission

(CVT) having a main axle, the shifter interface assembly comprising:

a shift rod arranged at least in part in a hollow bore of the main axle;

a ball bearing coupled to the shift rod and to the main axle; and

a shift retainer nut coupled to the ball bearing and coupled to the main

axle.

21. The shifter interface assembly of Claim 20, wherein the ball bearing

further comprises a bearing race integral with the shift rod.

22. The shifter interface assembly of Claim 20, wherein the ball bearing

further comprises a bearing race integral with the shift retainer nut.

23. The shifter interface assembly of Claim 20, wherein the ball bearing

further comprises a bearing race integral with the main axle.

24. A shifter interface assembly for a continuously variable transmission

(CVT) having a main axle arranged along a longitudinal axis, the shifter interface

assembly comprising:

a shift rod having an elongated body, the shift rod positioned in a hollow

bore of the main axle wherein at least a portion of the shift rod is enclosed by the

main axle;

a clip coupled to the shift rod;

a first groove formed on the shift rod, the first groove configured to

receive an o-ring;

a second groove formed on the shift rod, the second groove configured to

receive the clip;

wherein the shift rod and the main axle are configured relative to each

other such that the first groove is located inside the hollow bore of the main axle

and the second groove is located outside of the hollow bore.

25. The shifter interface assembly of Claim 24, further comprising a shift

retainer nut coupled to the clip and coupled to the main axle.

26. A method of assembling a continuously variable transmission (CVT), the

method comprising:



providing a brake adapter having a first substantially flat surface, a

shoulder extending radially outward from the first flat surface, and a piloting

surface arranged at least partly on an inner circumference of the flat surface, the

piloting surface extending axially from the first flat surface;

providing a housing cover having a second substantially flat surface, an

annular recess substantially surrounding the second flat surface, and an inner

bore;

placing the piloting surface in the inner bore;

aligning the first flat surface with the second flat surface, wherein the first

flat surface is in contact with the second flat surface;

providing a retaining ring;

aligning the retaining ring to surround the shoulder and the annular recess;

and

fastening the retaining ring to enclose the shoulder and the annular recess

such that the retaining ring rigidly couples the brake adapter to the housing cover.

27. The method of Claim 26, wherein fastening the retaining ring further

comprises shaping the retaining ring around the shoulder and the annular recess.
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