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ELECTROMOTIVE DRIVES

RELATED APPLICATIONS

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

reference herein in their entirety U.S. Provisional Applications No. 60/730,995 and No.

60/731,362, both of which were filed on October 28, 2005.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The field of the inventive embodiments relates generally to systems and

methods for electromechanical or electromotive drives, and more particularly the inventive

embodiments relate to drives that utilize methods and assemblies that integrate electrical

devices and mechanical transmissions.

Description of the Related Art

[0003] In order to provide a continuously variable transmission, various traction

roller transmissions in which power is transmitted through traction rollers supported in a

housing between torque input and output discs have been developed. In such transmissions,

the traction rollers are mounted on support structures which, when pivoted, cause the

engagement of traction rollers with the torque discs in circles of varying diameters depending

on the desired transmission ratio.

[0004] However, the success of these traditional solutions has been limited. For

example, in one solution, a driving hub for a vehicle with a variable adjustable transmission

ratio is disclosed. This method teaches the use of two iris plates, one on each side of the

traction rollers, to tilt the axis of rotation of each of the rollers. However, the use of iris

plates can be very complicated due to the large number of parts that are required to adjust the

iris plates during transmission shifting. Another difficulty with this transmission is that it has

a guide ring that is configured to be predominantly stationary in relation to each of the rollers.

Since the guide ring is stationary, shifting the axis of rotation of each of the traction rollers is

difficult.

[0005] One improvement over this earlier design includes a shaft about which an

input disc and an output disc rotate. The input disc and output disc are both mounted on the

shaft and contact a plurality of balls disposed equidistantly and radially about the shaft. The

balls are in frictional contact with both discs and transmit power from the input disc to the

output disc. An idler located concentrically over the shaft and between the balls applies a

force to keep the balls separate to make frictional contact against the input disc and output



disc. A key limitation of this design is the absence of means for generating and adequately

controlling the axial force acting as normal contact force to keep the input disc and output

disc in sufficient frictional contact against the balls as the speed ratio of the transmission

changes. Due to the fact that rolling traction continuously variable transmissions require

more axial force at low speed to prevent the driving and driven rotating members from

slipping on the speed changing friction balls, excessive force is applied in high speed and at a

1:1 ratio, when the input and output speeds are equal. This excessive axial force lowers

efficiency and causes the transmission to fail significantly faster than if the proper amount of

force was applied for any particular gear ratio. The excessive force also makes it more

difficult to shift the transmission. Thus, there exists a need for a continuously variable

transmission with an improved axial load generating system that changes the force produced

as a function of the transmission ratio.

[0006] An electric motor producing variable speed and constant power is highly

desired in some vehicle and industrial uses. In such constant power applications, torque and

speed vary inversely. For example, torque increases as speed decreases or torque decreases

as speed increases. Some electric motors can provide constant power above their rated

power; for example, a 1750 rpm AC motor can provide constant power when speed increases

above 1750 rpm because torque can be designed to decrease proportionally with the speed

increase. However, a motor by itself cannot produce constant power when operating at a

speed below its rated power. Frequently torque remains constant or even decreases as the

motor speed decreases. Controllers can be used to increase current, and torque, into the

electric motor at low speeds, but an increase in the wire diameter of the windings is required

to accommodate the additional current to avoid overheating. This is undesirable because the

motor becomes larger and more expensive than necessary for typical operating conditions.

The electronic controller also increases expense and complexity. Another method to achieve

sufficient low speed torque is to use a bigger motor. However, this increases cost, size,

weight, and makes the motor more difficult to package with the machine it powers. Thus,

there exists a need for an improved method to provide variable speed and constant power

with an electric motor. The continuously variable transmission can be integrated with an

electric motor for some applications.



SUMMARY OF THE INVENTION

[0007] The systems and methods illustrated and described herein have several

features, no single one of which is solely responsible for its desirable attributes. Without

limiting the scope as expressed by the description that follows, its more prominent features

will now be discussed briefly. After considering this discussion, and particularly after

reading the section entitled "Detailed Description of the Preferred Embodiments" one will

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

traditional systems and methods.

[0008] In yet another aspect, a variable speed transmission is disclosed

comprising; a longitudinal axis, a plurality of balls distributed radially about the longitudinal

axis, each ball having a tiltable axis about which it rotates, a rotatable input disc positioned

adjacent to the balls and in contact with each of the balls, a fixed output disc positioned

adjacent to the balls opposite the input disc and in contact with each of the balls, a rotatable

idler having a constant outside diameter and positioned radially inward of and in contact with

each of the balls, a cage, adapted to maintain the radial position and axial alignment of the

balls and that is rotatable about the longitudinal axis, and an idler shaft connected to the idler

adapted to receive a torque output from the idler and transmit the torque output out of the

transmission.

[0009] For use with many embodiments described herein there is also disclosed

an axial force generator adapted to apply an axial force to increase contact force between the

input disc, the output disc and the plurality of speed adjusters, the axial force generator

further comprising, a bearing disc coaxial with and rotatable about the longitudinal axis

having an outer diameter and an inner diameter and having a threaded bore formed in its

inner diameter, a plurality of perimeter ramps attached to a first side of the bearing disc near

its outer diameter, a plurality of bearings adapted to engage the plurality of bearing disc

ramps, a plurality of input disc perimeter ramps mounted on the input disc on a side opposite

of the speed adjusters adapted to engage the bearings, a generally cylindrical screw coaxial

with and rotatable about the longitudinal axis and having male threads formed along its outer

surface, which male threads are adapted to engage the threaded bore of the bearing disc, a

plurality of central screw ramps attached to the screw, and a plurality of central input disc

ramps affixed to the input disc and adapted to engage the plurality of central screw ramps.

[0010] In another aspect, a support cage is disclosed that supports and positions a

plurality of speed adjusting tiltable balls in a rolling traction transmission, which utilizes an



input disc and an output disc on either side of the plurality of balls, the cage comprising; first

and second flat support discs that are each a generally circular sheet having a plurality of slots

extending radially inward from an outer edge, each slot having two sides, and a plurality of

flat supporting spacers extending between said first and second support discs each spacer

having a front side, a back side, a first end and a second end, wherein the first and second

ends each have a mounting surface, wherein each mounting surface has a curved surface, and

wherein the spacers are positioned angularly about the support discs between the grooves in

the support discs such that the curved surfaces are aligned with the sides of the grooves.

[0011] In another embodiment, a shifting mechanism is disclosed for a variable

speed rolling traction transmission having a longitudinal axis and that utilizes a plurality of

tilting balls distributed in planar alignment about the longitudinal axis and each ball contacted

on opposing sides by an input disc and an output disc, in order to control a transmission ratio

of the transmission, the shifting mechanism comprising a tubular transmission axle running

along the longitudinal axis, a plurality of ball axles each extending through a bore formed

through a corresponding one of the plurality of balls and forming a tiltable axis of the

corresponding ball about which that ball spins, and each ball axle having two ends that each

extend out of the ball, a plurality of legs, one leg connected to each of the ends the ball axles,

the legs extending radially inward toward the transmission axle, an idler having a

substantially constant outside diameter that is positioned coaxially about the transmission

axle and radially inward of and in contact with each of the balls, two disc-shaped shift guides,

one on each end of the idler, and each having a flat side facing the idler and a convex curved

side facing away from the idler, wherein shift guides extend radially to contact all of the

respective legs on the corresponding side of the balls, a plurality of roller pulleys, one for

each leg, wherein each roller pulley is attached to a side of its respective leg facing away

from the balls, a generally cylindrical pulley stand extending axially from at least one of the

shift guides, a plurality of guide pulleys, one for each roller pulley, distributed radially about

and attached to the pulley stand, and a flexible tether having first and second ends with the

first end extending through the axle and out a slot, which is formed in the axle proximate to

the pulley stand, the first end of the tether further wrapping around each of the roller pulleys

and each of the guide pulleys, wherein the second end extends out of the axle to a shifter,

wherein the guide pulleys are each mounted upon one or more pivot joints to maintain

alignment of each guide pulley with its respective roller pulley and wherein when the tether is

pulled by the shifter, the second end draws each of the roller pulleys in to shift the

transmission.



[0012] In another embodiment, a shifting mechanism is disclosed for a variable

speed transmission having a longitudinal axis and that utilizes a plurality of tilting balls, each

having a ball radius from respective ball centers, in order to control a transmission ratio of the

transmission, comprising a plurality of ball axles each extending through a bore formed

through a corresponding ball and forming the tillable axis of the corresponding ball, and each

ball axle having two ends that each extend out of the ball, a plurality of legs, one leg

connected to each of ends the ball axles, the legs extending radially inward toward the

transmission axle, a generally cylindrical idler with a substantially constant radius positioned

coaxially and radially inward of and in contact with each of the balls, first and second disc¬

shaped shift guides, one on each end of the idler, and each having a flat side facing the idler

and a convex curved side facing away from the idler, wherein shift guides extend radially to

contact all of the respective legs on the corresponding side of the balls, and a plurality of

guide wheels each having a guide wheel radius, one guide wheel for each leg, each guide

wheel rotatably mounted at a radially inward end of its respective leg, wherein the guide

wheels contact the curved surface of its respective shift guide, wherein a shapes of the convex

curves are determined by a set of two-dimensional coordinates, the origin of is centered at the

intersection of the longitudinal axis and a line drawn through the centers of any two

diametrically opposing balls, wherein the coordinates represent the location of the point of

contact between the guide wheel surface and the shift guide surface as a function of the axial

movement of the idler and shift guide, assuming that the convex curve is substantially tangent

to the guide wheel at the point of contact.

[0013] In still another embodiment, an automobile is disclosed, comprising an

engine, a drivetrain; and a variable speed transmission comprising a longitudinal axis, a

plurality of balls distributed radially about the longitudinal axis, each ball having a tiltable

axis about which it rotates, a rotatable input disc positioned adjacent to the balls and in

contact with each of the balls, a rotatable output disc positioned adjacent to the balls opposite

the input disc and in contact with each of the balls, a rotatable idler having a substantially

constant outer diameter coaxial about the longitudinal axis and positioned radially inward of

and in contact with each of the balls, and a planetary gear set mounted coaxially about the

longitudinal axis of the transmission.

[0014] In another embodiment, a continuously variable transmission is disclosed

that is integrated with an electric motor, the stator of the electric motor attached to a rotating

shaft which transfers power to the idler, and the rotor of the electric motor attached to the



input disc. The stator and rotor of the electric motor rotate in opposite directions, creating a

large speed differential and speed reduction to the output disc.

[0015] In another embodiment, a continuously variable transmission is disclosed

that is integrated with a generator, the magnets of the rotor attached to a rotating hub shell,

and the electric stator attached to a non-rotating stator of the transmission. Electricity is

generated when the hub shell rotates relative to the stator.

[0016] In another embodiment, a continuously variable transmission is disclosed

that is integrated with an electric motor and accepts an input from an outside torque

transferring device, such as an internal combustion engine. The electric stator is attached to a

rotating shaft which transfers power to the idler, the rotor is attached to a rotating cage of the

transmission, and the internal combustion engine is operably attached to the input disc. The

continuously variable transmission of this embodiment has three inputs into the balls and one

output through the output disc.

[0017] In another embodiment, continuously variable transmission is disclosed

that is integrated with an electric motor where the balls are constructed of a magnetic material

and act as the rotor of an electric motor. Stationary windings surround the balls and produce

electricity, which is routed through the cage of the transmission.

[0018] In still another embodiment, two alternative designs of an electric

motor/generator are disclosed that rotate a continuously variable transmission.

[0019] In one aspect, the invention relateds to an electromotive drive having a

plurality of speed adjusters arranged angularly about an axis, a first disc in contact with the

speed adjusters, and a second disc in contact with the speed adjusters, wherein the first and

second discs are positioned relative to one another on opposite sides of the plurality of speed

adjusters. The drive includes an idler in contact with the speed adjusters, the idler positioned

radially inward of the speed adjusters. The drive further includes a plurality of magnets

coupled to a first component of the electromotive drive, a plurality of electrical conductors

coupled to a second component of the electromotive drive, and wherein the plurality of

magnets and the plurality of electrical conductors are configured relative to one another to

function as an electrical motor or as an electrical generator. The drive can be further

configured such that the plurality of speed adjusters, the first and second discs, the plurality

of magnets, and the plurality of conductors are operably coupled to provide at least one

powerpath through the electromotive drive.

[0020] In one embodiment, the invention concerns an electromotive device having

a plurality of balls arranged angularly about an axis, a first disc in contact with the balls, a



second disc in contact with the balls, wherein the first and second discs are positioned relative

to one another on opposite sides of the plurality of balls. The electromotive device can also

include an idler in contact with the balls, the idler positioned radially inward of the balls. The

electromotive device can be provided with an electrical stator configured to rotate about said

axis, wherein the electrical stator is directly coupled to one of the first disc, second disc, or

idler. The electromotive device can include an electrical rotor configured to rotate about said

axis, wherein the electrical stator is directly coupled to one of the first disc, second disc, or

idler. In one application, the electrical stator and the electrical rotor are configured relative to

one another to together function as an electrical motor or as an electrical generator.

[0021] In another aspect, the invention relates to an electromotive transmission

having a plurality of balls configured angularly about an axis, a first disc in contact with the

balls, and a plurality of magnets attached to the first disc. The electromotive transmission

can include an idler in contact with the balls and positioned radially inward of the balls, an

idler shaft coupled rigidly to the idler, wherein the idler shaft and the idler are configured to

rotate and translate axially with each other. The electromotive transmission in some

embodiments includes a plurality of electrical conductors configured as windings or coils,

and a stator mount coupled to the electrical conductors and configured to transfer torque to

the idler shaft.

[0022] According to one aspect of the invention, an idler shaft and stator mount

assembly for an electromotive device includes an idler shaft and a stator mount. The idler

shaft includes a first bore adapted to receive at least one electrical conductor, a second bore

adapted to house an electrical receptacle that couples to the electrical conductor, a slot (in

communication with the first bore) that allows passage of the electrical conductor to an

external side of the idler shaft. The idler shaft can also have a first plurality of axial grooves

adapted to receive a plurality of bearings. The stator mount can include a bore having a

plurality of grooves adapted to receive the plurality of bearings, whereby the stator mount is

capable of transferring torque to or from the idler shaft. The stator mount is configured to

support a plurality of electrical conductors.

[0023] In one embodiment, the invention concerns a hub shell for an

electromotive transmission. The hub shell can have an inner diameter, an outer diameter, and

a plurality of magnets coupled annularly to the inner diameter of the hub shell. Another

aspect of the invention is directed to a shifter for a transmission. The shifter includes a shift

screw coupled to a stationary component of the transmission, a shift nut, a shift ring coupled

to the shift nut, a shift pin mount positioned between the shift nut and the shift ring, and a



plurality of shift pins supported in the shift pin mount. The shift screw can include at least

one slot for receiving the shift pins, and the shift nut is configured to translate axially on the

shift screw and thereby actuate an axial shift of the shift pin mount and the shift pins. In one

embodiment, the invention concerns a stator plate for an electromotive device having a

plurality of speed adjusters. The stator plate induces a plurality of concave surfaces

configured to support the plurality of speed adjusters radially and axially, a plurality of slots

configured to support the plurality of speed adjusters angularly, and a boss adapted to support

a plurality of magnets.

[0024] Another aspect of the invention relates to an electromotive device having a

plurality of power adjusters arranged angularly about an axis, a cage adapted to support the

power adjusters radially and axially, a plurality of electrical coils coupled to the cage, a

rotatable hub shell, and a plurality of magnets coupled to the rotatable hub shell. In yet

another embodiment, the invention concerns an electromotive drive having a plurality of

magnetized power adjusters arranged angularly about an axis, and a plurality of coils

positioned between the power adjusters. In one embodiment, the invention is directed to an

electromotive transmission having a plurality of generally toroidal electrical conductors

arranged angularly about an axis, a plurality of generally toroidal magnets arranged angularly

about said axis, a first disc coupled to the magnets, a plurality of power adjusters arranged

angularly about said axis and in contact with the first disc, a stator mount configured to

support the electrical conductors, and an idler shaft configured to transfer torque to or from

the stator mount.

[0025] In one embodiment, the invention relates to an electrical assembly for an

electromotive transmission. The electrical assembly includes a first set of generally toroidal

magnets arranged angularly about an axis, a plurality of generally toroidal electrical

conductors arranged angularly about said axis, a second set of generally toroidal magnets

arranged angularly about said axis, and wherein the electrical conductors are positioned

between the first and second set of magnets.

[0026] In some aspects, the invention concerns an electromechanical transmission

that includes a plurality of speed adjusters arranged angularly about an axis, an idler in

contact with the plurality of speed adjusters and positioned radially inward of the speed

adjusters, a first disc in contact with the speed adjusters, and a plurality of magnets coupled to

the first disc. The transmission can include means for transferring torque to the first disc

from an external source, a rotatable cage configured to support the speed adjusters radially

and axially, and a plurality of electrical conductors coupled to the rotatable cage.



[0027] One embodiment of the invention is directed to a method of transmitting

power in an electromechanical device. The method includes mounting an electrical stator on

a rotatable shaft, mounting an electrical rotor on a first rotatable disc, coupling an idler to the

shaft, and providing electrical power to the electrical stator. The method can further include

transmitting torque generated by the interaction between the stator and the rotor, wherein the

torque is transmitted from the stator to the shaft, wherein torque is transmitted from the rotor

to the first rotatable disc. The method can also include transmitting torque to a second

rotatable disc via a plurality of speed adjusters coupled to the first and second discs and the

idler.

[0028] In some embodiments, the invention pertains to an electromotive drive

having a plurality of speed adjusters arranged angularly about an axis, a first disc in contact

with the speed adjusters, and a second disc in contact with the speed adjusters. The drive can

have an idler in contact with the speed adjusters and positioned radially inward of the speed

adjusters, and an idler shaft rigidly coupled to the idler. The drive can include a rotatable

cage configured to support radially and axially the speed adjusters, a plurality of magnets

rotationally coupled to the cage, and a plurality of electrical conductors coupled to the idler

shaft.

[0029] In another aspect, the invention relates to a method of transmitting power

in an electromechanical device. The method includes mounting an electrical stator on a

rotatable shaft, mounting an electrical rotor on a first rotatable disc, transmitting torque from

the shaft to the stator, and transmitting torque from the first rotatable disc to the rotor. In yet

another embodiment, the invention pertains to a method of transmitting electromechanical

power. The method includes providing rotatable shaft, coupling the rotatable shaft to an

electrical stator, and providing a rotatable cage, wherein the cage is adapted to radially and

axially support a plurality of speed adjusters. The method further includes coupling the

rotatable cage to an electrical rotor, hi yet another aspect, the invention is directed to a

method of providing a transmission with electrical functionality. The method includes

providing plurality of magnetized speed adjusters, the speed adjusters positioned angularly

about an axis, and providing a plurality of electrical conductors positioned between

individual speed adjusters.

[0030] In one embodiment, the invention concerns a method of electromechanical

power transmission. The method includes providing a plurality of speed adjusters positioned

angularly about an axis, providing cage adapted to support axially and radially the speed

adjusters, providing a first disc in contact with the speed adjusters, and providing a second



disc in contact with the speed adjusters. The method can further include providing an idler in

contact with the speed adjusters and positioned radially inward of the speed adjusters, and

providing an idler shaft coupled to the idler. The method can further include coupling a

plurality of electrical conductors to the cage, speed adjusters, first disc, second disc, idler, or

idler shaft. The method can further include coupling a plurality of magnets to the cage, speed

adjusters, first disc, second disc, idler, or idler shaft.

[0031] Yet another feature of the invention pertains to a method of power

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

coupling an electrical stator to a first rotatable component of the CVT, and coupling an

electrical rotor to a second rotatable component of the CVT. Another aspect of the invention

concerns an electromechanical device having a transmission, an electrical rotor coupled to

rotate with a first rotatable component of the transmission, and an electrical stator coupled to

rotate with a second rotatable component of the transmission.

[0032] These and other improvements will become apparent to those skilled in the

art as they read the following detailed description and view the enclosed figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Figure 1 is a cutaway side view of an embodiment of the transmission

shifted into high.

[0034] Figure 2 is a cutaway side view of the transmission of Figure 1 shifted into

low.

[0035] Figure 3 is a partial end cross-sectional view of the transmission taken on

line III - III of Figure 1.

[0036] Figure 4 is a schematic cutaway side view of the idler and ramp sub-

assembly of the transmission of Figure 1.

[0037] Figure 5 is a schematic perspective view of the ball sub-assembly of the

transmission of Figure 1.

[0038] Figure 6 is a schematic view of the shift rod sub-assembly of the

transmission of Figure 1.

[0039] Figure 7 is a schematic cutaway side view of the cage sub-assembly of the

transmission of Figure 1.

[0040] Figure 8 is a cutaway side view of the output disc of the transmission of

Figure 1.

[0041] Figure 9 is a cutaway side view of an alternative embodiment of the

transmission of Figure 1 with an integrated electric motor.



[0042] Figure 10 is a partial cutaway perspective view of the transmission of

Figure 9.

[0043] Figure 11 is a cutaway end view of the transmission of Figure 9 taken on

line III-III of Figure 9.

[0044] Figure 12 shows the electrical and mechanical powerpath of the

transmission of Figure 9.

[0045] Figure 13 shows the reverse of the electrical and mechanical powerpath of

the transmission of Figure 9.

[0046] Figure 14 is a partial cutaway side view of the idler assembly of the

transmission of Figure 9.

[0047] Figure 15 is a partial schematic perspective view of the idler assembly of

the transmission of Figure 9.

[0048] Figure 16 is a partial cutaway perspective view of the spline assembly of

the transmission of Figure 9.

[0049] Figure 17 is a perspective view of the stator mount of the transmission of

Figure 9.

[0050] Figure 18 is a perspective view of a lamination of the transmission of

Figure 9.

[0051] Figure 19 is a perspective view of the winding of the transmission of

Figure 9.

[0052] Figure 20 is a perspective view of the rotor of the transmission of Figure 9.

[0053] Figure 2 1 is a perspective view of the shift screw of the transmission of

Figure 9 .

[0054] Figure 22 is a perspective view of a partial shifter assembly of the

transmission of Figure 9.

[0055] Figure 23 is a cutaway side view of a transmission which can receive input

power through three paths.

[0056] Figure 24 is a cutaway perspective view of the rotor of the transmission of

Figure 23.

[0057] Figure 25 is a cutaway side view of a transmission with an integrated

generator.

[0058] Figure 26 is a perspective schematic view of the generator of the

transmission of Figure 25.

[0059] Figure 27 is a perspective of a stator of the transmission of Figure 25.

[0060] Figure 28 is a perspective view of an axle of the transmission of Figure 25.



[0061] Figure 29 is a perspective schematic view of the transmission of Figure 9

with an integrated electric motor.

[0062] Figure 30 is a sketch of the magnetic poles of a ball of the motor of Figure

29.

[0063] Figure 31 is a cutaway side view of an alternative electric motor of the

transmission of Figure 9.

[0064] Figure 32 is a perspective view of the rotor and stator of the electric motor

of Figure 31.

[0065] Figure 33 is a perspective view of the conductor of the electric motor of

Figure 31.

[0066] Figure 34 is a perspective view of the stator of the electric motor of Figure

31.

[0067] Figure 35 is a schematic end view of the stator of the electric motor of

Figure 31 showing the current path.

[0068] Figure 36 is an alternative embodiment of the conductor of the electric

motor of Figure 31.

[0069] Figure 37 is an alternative embodiment of the stator of the electric motor

of Figure 31.

[0070] Figure 38 is a cutaway side view of an alternative embodiment of the

transmission of Figure 23.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0071] Embodiments of the invention will now be described with reference to the

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

terminology used in the description presented herein is not intended to be interpreted in any

limited or restrictive manner simply because it is being utilized in conjunction with a detailed

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

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

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

[0072] The transmissions described herein are of the type that utilize speed

adjuster balls with axes that tilt as described in U.S. patents 6,241,636, 6,322,475, and

6,419,608, which patents are hereby incorporated herein by reference. The embodiments

described in these patents and those described herein typically have two sides generally

separated by a variator portion, to be described below, an input side and an output side. For

convenience, the driving side of the transmission (that is, the side that receives the torque into

the transmission) is termed the input side, and the driven side of the transmission (or the side

that transfers the torque from the transmission out of the transmission) is termed the output

side.

[0073] An input disc and an output disc are in contact with the speed adjuster

balls. As the balls tilt on their axes, the point of rolling contact on one disc moves toward the

pole or axis of the ball, where it contacts the ball at a circle of decreasing diameter, and the

point of rolling contact on the other disc moves toward the equator of the ball, thus contacting

the disc at a circle of increasing diameter. If the axis of the ball is tilted in the opposite

direction, the input and output discs respectively experience the converse relationship. In this

manner, the ratio of rotational speed of the input disc to that of the output disc, or the

transmission ratio, can be changed over a wide range by simply tilting the axes of the speed

adjuster balls.

[0074] The centers of the balls define the border between the input side and the

output side of the transmission and similar components that are located on both the input side

of the balls and the output side of the balls are generally described herein with the same

reference numbers. Similar components located on both the input and output sides of the

transmission generally have the suffix "a" attached at the end of the reference number if they

are located on the input side, and the components located on the output side of the



transmission generally have the suffix "b" attached at the end of their respective reference

numbers.

[0075] Referring to Figure 1, an embodiment of a transmission 100 is illustrated

having a longitudinal axis 11 about which multiple speed adjusting balls 1 are radially

distributed. The speed adjusting balls 1 of some embodiments stay in their angular positions

about the longitudinal axis 11, while in other embodiments the balls 1 are free to orbit about

the longitudinal axis 11. The balls 1 are contacted on their input side by an input disc 34 and

on their output side by an output disc 101. The input and out put discs 34, 101 are annular

discs extending from an inner bore near the longitudinal axis on their respective input and

output sides of the balls 1 to a radial point at which they each make contact with the balls 1.

The input and output discs 34, 101 each have a contact surface that forms the contact area

between each disc 34 and 101, and the balls 1. In general, as the input disc 34 rotates about

the longitudinal axis 11, each portion of the contact area of the input disc 34 rotates and

sequentially contacts each of the balls 1 during each rotation. This is similar for the output

disc 101 as well.

[0076] The input disc 34 and the output disc 101 can be shaped as simple discs or

can be concave, convex, cylindrical or any other shape, depending on the configuration of the

input and output desired. In one embodiment the input and output discs are spoked to make

them lighter for weight sensitive applications. The rolling contact surfaces of the discs where

they engage the speed adjuster balls can have a flat, concave, convex or other shaped profile,

depending on the torque and efficiency requirements of the application. A concave profile

where the discs contact the balls decreases the amount of axial force required to prevent

slippage while a convex profile increases efficiency. Additionally, the balls 1 all contact an

idler 18 on their respective radially innermost point.

[0077] The idler 18 is a generally cylindrical component that rests coaxially about

the longitudinal axis 11 and assists in maintaining the radial position of the balls 1. With

reference to the longitudinal axis 11 of many embodiments of the transmission, the contact

surfaces of the input disc 34 and the output disc 101 can be located generally radially outward

from the center of the balls 1, with the idler 18 located radially inward from the balls 1, so

that each ball 1 makes three-point contact with the idler 18, the input disc 34, and the output

disc 101. The input disc 34, the output disc 101, and the idler 18 can all rotate about the

same longitudinal axis 11 in many embodiments, and are described in fuller detail below.

[0078] Due to the fact that the embodiments of transmissions 100 described

herein are rolling traction transmissions, in some embodiments, high axial forces are required



to prevent slippage of the input disc 34 and output disc 101 at the ball 1 contacts. As axial

force increases during periods of high torque transfer, deformation of the contact patches

where the input disc 34, the output disc 101, and the idler 18 contact the balls 1 becomes a

significant problem, reducing efficiency and the life of these components. The amount of

torque that can be transferred through these contact patches is finite and is a function of the

yield strength of the material from which the balls 1, the input disc, 34, the output disc 101,

and the idler 18 are made. The friction coefficient of the balls 1, the input disc, 34, the output

disc 101, and the idler 18 has a dramatic effect on the amount of axial force required to

transfer a given amount of torque and thus greatly affects the efficiency and life of the

transmission. The friction coefficient of the rolling elements in a traction transmission is a

very important variable affecting performance.

[0079] Certain coatings may be applied to the surfaces of the balls 1, the input

disc, 34, the output disc 101, and the idler 18 to improve their performance. In fact, such

coatings can be used advantageously on the rolling contacting elements of any rolling traction

transmission to achieve the same added benefits that are achieved for the embodiments of

transmissions described herein. Some coatings have the beneficial effect of increasing the

friction coefficient of the surfaces of these rolling elements. Some coatings have a high

friction coefficient and display a variable coefficient of friction, which increases as axial

force increases. A high friction coefficient allows less axial force to be required for a given

torque, thereby increasing efficiency and life of the transmission. A variable coefficient of

friction increases the maximum torque rating of the transmission by decreasing the amount of

axial force required to transfer this maximum torque.

[0080] Some coatings, such as ceramics and cermets, possess excellent hardness

and wear properties, and can greatly extend the life of the highly loaded rolling elements in a

rolling traction transmission. A ceramic coating such as silicon nitride can have a high

friction coefficient, a variable coefficient of friction which increases as axial force increases,

and can also increase the life of the balls 1, the input disc, 34, the output disc 101, and the

idler 18 when applied to the surfaces of these components in a very thin layer. The coating

thickness depends on the material used for the coating and can vary from application to

application but typically is in the range of .5 microns to 2 microns for a ceramic and .75

microns to 4 microns for a cermet.

[0081] The process used to apply the coating is important to consider when the

balls 1, the input disc, 34, the output disc 101, and the idler 18 are made from hardened steel,

which is the material used in many embodiments of the transmissions described herein.



Some processes used to apply ceramics and cermets require high temperatures and will lower

the hardness of the balls 1, the input disc, 34, the output disc 101, and the idler 18, harming

performance and contributing to premature failure. A low temperature application process is

desirable and several are available, including low temperature vacuum plasma, DC pulsed

reactive magnetron sputtering, plasma- enhanced chemical vapor deposition (PE-CVD),

unbalanced magnetron physical vapor deposition, and plating. The plating process is

attractive due to its low cost and because a custom bath can be created to achieve desired

coating properties. Immersing the rolling elements in a bath of silicon carbide or silicon

nitride with co-deposited electroless nickel or electroplated nickel with silicon carbide or

silicon nitride is a low temperature solution that is well suited for high volume production. It

should be noted that other materials can be used in addition to those mentioned. With this

application process, the parts are contained in a cage, immersed in the bath, and shaken so

that the solution contacts all surfaces. Thickness of the coating is controlled by the length of

time that the components are immersed in the bath. For instance, some embodiments will

soak the components using silicon nitride with co-deposited electroless nickel for four (4)

hours to achieve the proper coating thickness, although this is just an example and many

ways to form the coating and control its thickness are known and can be used taking into

account the desired properties, the desired thickness and the substrate or base metal of which

the components are made.

[0082] Figures 1, 2, and 3 illustrate an embodiment of a continuously variable

transmission 100 that is shrouded in a case 40 which protects the transmission 100, contains

lubricant, aligns components of the transmission 100, and absorbs forces of the transmission

100. A case cap 67 can, in certain embodiments, cover the case 40. The case cap 67 is

generally shaped as a disc with a bore, through its center through which an input shaft passes,

and that has a set of threads at its outer diameter that thread into a corresponding set of

threads on the inner diameter of the case 40. Although in other embodiments, the case cap 67

can be fastened to the case 40 or held in place by a snap ring and corresponding groove in the

case 40, and would therefore not need to be threaded at its outer diameter. In embodiments

utilizing fasteners to attach the case cap 67, the case cap 67 extends to the inside diameter of

the case 40 so that case fasteners (not shown) used to bolt the case 40 to the machinery to

which the transmission 100 is attached can be passed through corresponding holes in the case

cap 67. The case cap 67 of the illustrated embodiment has a cylindrical portion extending

from an area near its outer diameter toward the output side of the transmission 100 for

additional support of other components of the transmission 100. At the heart of the illustrated



transmission 100 embodiment is a plurality of balls 1 that are typically spherical in shape and

are radially distributed substantially evenly or symmetrically about the centerline, or

longitudinal axis 11 of rotation of the transmission 100. In the illustrated embodiment, eight

balls 1 are used. However, it should be noted that more or fewer balls 1 could be used

depending on the use of the transmission 100. For example, the transmission may include 3,

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or more balls. The provision for more than 3, 4, or 5

balls can more widely distribute the forces exerted on the individual balls 1 and their points

of contact with other components of the transmission 100 and can reduce the force necessary

to prevent the transmission 100 from slipping at the ball 1 contact patches. Certain

embodiments in applications with low torque but a high transmission ratio use few balls lof

relatively larger diameters, while certain embodiments in applications with high torque and a

high transmission ratio can use more balls 1 or relatively larger diameters. Other

embodiments, in applications with high torque and a low transmission ratio and where high

efficiency is not important, use more balls 1 of relatively smaller diameters. Finally, certain

embodiments, in applications with low torque and where high efficiency is not important, use

few balls 1 of relatively smaller diameters.

[0083] Ball axles 3 are inserted through holes that run through the center of each

of the balls 1 to define an axis of rotation for each of the balls 1. The ball axles 3 are

generally elongated shafts over which the balls 1 rotate, and have two ends that extend out of

either side of the hole through the balls 1. Certain embodiments- have cylindrically shaped

ball axles 3, although any shape can be used. The balls 1 are mounted to rotate freely about

the ball axles 3.

[0084] In certain embodiments, bearings (not separately illustrated) are utilized to

reduce the friction between the outer surface of the ball axles 3 and the surface of the bore

through the corresponding ball 1. These bearings can be any type of bearings situated

anywhere along the contacting surfaces of the balls 1 and their corresponding ball axles 3,

and many embodiments will maximize the life and utility of such bearings through standard

mechanical principles common in the design of dynamic mechanical systems. In some of

these embodiments, radial bearings are located at each end of the bore through the balls 1.

These bearings can incorporate the inner surface of the bore or the outer surface of the ball

axles 3 as their races, or the bearings can include separate races that fit in appropriate cavities

formed in the bore of each ball 1 and on each ball axle 3 . In one embodiment, a cavity (not

shown) for a bearing is formed by expanding the bore through each ball 1 at least at both ends

an appropriate diameter such that a radial bearing, roller, ball or other type, can be fitted into



and held within the cavity thus formed. In another embodiment, the ball axles 3 are coated

with a friction reducing material such as babbit, Teflon or other such material.

[0085] Many embodiments also minimize the friction between the ball axles 3 and

the balls 1 by introducing lubrication in the bore of the ball axles 3. The lubrication can be

injected into the bore around the ball axles 3 by a pressure source, or it can be drawn into the

bore by the rifling or helical grooves formed on the ball axles 3 themselves. Further

discussion of the lubrication of the ball axles 3 is provided below.

[0086] In Figure 1, the axes of rotation of the balls 1 are shown tilted in a

direction that puts the transmission in a high ratio, wherein the output speed is greater than

the input speed. If the ball axles 3 are horizontal, that is parallel to the main axis of the

transmission 100, the transmission 100 is in a 1:1 input rotation rate to output rotation rate

ratio, wherein the input and output rotation speeds are equal. In Figure 2, the axes of rotation

of the balls 1 are shown tilted in a direction where the transmission 100 is in a low ratio,

meaning the output rotation speed is slower than the input rotation speed. For the purpose of

simplicity, only the parts that change position or orientation when the transmission 100 is

shifted are numbered in Figure 2.

[0087] Figures 1, 2, 4, and 5 illustrate how the axes of the balls 1 can be tilted in

operation to shift the transmission 100. Referring to Figure 5, a plurality of legs 2, which in

most embodiments are generally struts, are attached to the ball axles 3 near each of the ends

of the ball axles 3 that extend beyond the ends of the holes bored through the balls 1. Each

leg 2 extends from its point of attachment to its respective ball axle 3 radially inward toward

the axis of the transmission 100. In one embodiment, each of the legs 2 has a through bore

that receives a respective end of one of the ball axles 3. The ball axles 3 preferably extend

through the legs 2 such that they have an end exposed beyond each leg 2. In the illustrated

embodiments, the ball axles 3 advantageously have rollers 4 coaxially and slidingly

positioned over the exposed ends of the ball axles 3. The rollers 4 are generally cylindrical

wheels fitted over the ball axles 3 outside of and beyond the legs 2 and rotate freely about the

ball axles 3. The rollers 4 can be attached to the ball axles 3 via spring clips or other such

mechanism, or they can ride freely over the ball axles 3. The rollers 4 can be radial bearings

for instance, where the outer races of the bearings form the wheel or rolling surface. As

illustrated in Figures 1 and 7, the rollers 4 and the ends of the ball axles 3 fit inside grooves

86 formed by or in a pair of stators 80a, 80b.

[0088] The stators 80a, 80b of one embodiment are illustrated in Figures 5 and 7.

The illustrated input stator 80a and output stator 80b are generally in the form of parallel



discs annularly located about the longitudinal axis 11 of the transmission on either side of the

balls 1. The stators 8Oa 80b of many embodiments are comprised of input stator discs 81a

and output stator discs 81b, respectively, which are generally annular discs of substantially

uniform thickness with multiple apertures to be discussed further below. Each input and

output stator disc 81a, 81b has a first side that faces the balls 1 and a second side that faces

away from the balls 1. Multiple stator curves 82 are attached to the first side of the stator

discs 81a, 81b. The stator curves 82 are curved surfaces attached or affixed to the stator discs

81a, 81b that each has a concave face 90 facing toward the balls 1 and a convex face 9 1

facing away from the balls 1 and contacting their respective stator discs 81. In some

embodiments, the stator curves 82 are integral with the stator discs 81a, 81b. The stator

curves 82 of many embodiments have a substantially uniform thickness and have at least one

aperture (not separately shown) used to align and attach the stator curves 82 to each other and

to the stator discs 81. The stator curves 82 of many embodiments, or the stator discs 81a, 81b

where integral parts are used, include a slot 710 that accepts a flat spacer 83, which allows

further positioning and alignment of the stator curves 82 and stator discs 81a, 81b. The flat

spacers 83 are generally flat and generally rectangular pieces of rigid material that extend

between and interconnect the input stator 80a and the output stator 80b. The flat spacers 83

fit within the slots 710 formed in the stator curves 82. In the illustrated embodiment, the flat

spacers 83 are not fastened or otherwise connected to the stator curves 82; however, in some

embodiments the flat spacers 83 are attached to the stator curves 82 by welding, adhesive, or

fastening.

[0089] Also illustrated in Figure 7, multiple cylindrical spacers 84, of a generally

cylindrical shape with bores at least in each end, are radially positioned inside of the flat

spacers 83 and also connect and position the stator discs 8 1 and stator curves 82. The bores

of the cylindrical spacers 84 accept one spacer fastener 85 at each end. The spacer fasteners

85 are designed to clamp and hold the stator discs 81a, 81b, the stator curves 82, the flat

spacers 83, and the cylindrical spacers 84 together, which collectively form the cage 89. The

cage 89 maintains the radial and angular positions of the balls 1 and aligns the balls 1 with

respect to one another.

[0090] The rotational axes of the balls 1 are changed by moving either the input-

side or output-side legs 2 radially out from the axis of the transmission 100, which tilts the

ball axles 3. As this occurs, each roller 4 fits into and follows a groove 86, which is slightly

larger than the diameter of the roller 4, and is formed by the space between each pair of

adjacent stator curves 82. The rollers 4 therefore roll along the surface of the sides 92, 93 of



the stator curves 82, a first side 92 and a second side 93 for each stator curve 82, in order to

maintain the plane of movement of the ball axles 3 in line with the longitudinal axis 11 of the

transmission 100. In many embodiments, each roller 4 rolls on a first side 92 of the stator

curve 82 on the input side of the transmission 100 and on the corresponding first side 92 of

the corresponding output stator curve 82. Typically, in such embodiments, the forces of the

transmission 100 prevent the rollers 4 from contacting the second side 93 of the stator curves

82 in normal operation. The rollers 4 are slightly smaller in diameter than the width of the

grooves 86 formed between the stator curves 82, forming a small gap between the edges of

the grooves 86 and the circumference of each corresponding roller. If the opposing sets of

stator curves 82 on the input stator 80a and output stator 80b were in perfect alignment, the

small gap between the circumferences of the rollers 4 and the grooves 86 would allow the

ball axles to slightly tilt and become misaligned with the longitudinal axis 11 of the

transmission 100. This condition produces sideslip, a situation where the balls axles 3 are

allowed to move slightly laterally, which lowers overall transmission efficiency. In some

embodiments, the stator curves 82 on the input and output sides of the transmission 100 may

be slightly offset from each other so that the ball axles 3 remain parallel with the axis of the

transmission 100. Any tangential force, mainly a transaxial force, the balls 1 may apply to

the ball axles 3 is absorbed by the ball axles 3, the rollers 4 and the first sides 92, 93 of the

stator curves 82. As the transmission 100 is shifted to a lower or higher transmission ratio by

changing the rotational axes of the balls 1, each one of the pairs of rollers 4, located on the

opposite ends of a single ball axle 3, move in opposite directions along their respective

corresponding grooves 86 by rolling up or down a respective side of the groove 86.

[0091] Referring to Figures 1 and 7, the cage 89 can be rigidly attached to the

case 40 with one or more case connectors 160. The case connectors 160 extend generally

perpendicularly from the radial outermost part of the flat spacers 83. The case connectors

160 can be fastened to the flat spacers 83 or can be formed integrally with the flat spacers 83.

The outside diameter formed roughly by the outsides of the case connectors 160 is

substantially the same dimension as the inside diameter of the case 40 and holes in both the

case 40 and case connectors 160 provide for the use of standard or specialty fasteners, which

rigidly attach the case connectors 160 to the case 40, thus bracing and preventing the cage 40

from moving. The case 40 has mounting holes providing for the attachment of the case 40 to

a frame or other structural body. In other embodiments, the case connectors 160 can be

formed as part of the case 40 and provide a location for attachment of the flat spacers 83 or

other cage 89 component in order to mobilize the cage 89.



[0092] Figures 1, 5, and 7 illustrate an embodiment including a pair of stator

wheels 30 attached to each of the legs 2 that roll on the concave face 90 of the curved

surfaces 82 along a path near the edge of the sides 92, 93. The stator wheels 30 are attached

to the legs 2 generally in the area where the ball axles 3 pass through the legs 2. The stator

wheels 30 can be attached to the legs 2 with stator wheel pins 31, which pass through a bore

through the legs 2 that is generally perpendicular to the ball axles 3, or by any other

attachment method. The stator wheels 30 are coaxially and slidingly mounted over the stator

wheel pins 31 and secured with standard fasteners, such as snap rings for example. In some

embodiments, the stator wheels 30 are radial bearings with the inner race mounted to the

stator wheel pins 31 and the outer race forming the rolling surface. In certain embodiments,

one stator wheel 30 is positioned on each side of a leg 2 with enough clearance from the leg 2

to allow the stator wheels 30 to roll radially along the concave faces 90, with respect to the

longitudinal axis 11 of the transmission 100, when the transmission 100 is shifted. In certain

embodiments, the concave faces 90 are shaped such that they are concentric about a radius

from the longitudinal axis 11 of the transmission 100 formed by the center of the balls 1.

[0093] Still referring to Figures 1, 5, and 7, guide wheels 2 1 are illustrated that

can be attached to the end of the legs 2 that are nearest the longitudinal axis 11 of the

transmission 100. In the illustrated embodiment, the guide wheels 2 1 are inserted into a slot

formed in the end of the legs 2. The guide wheels 2 1 are held in place in the slots of the legs

2 1 with guide wheel pins 22, or by any other attachment method. The guide wheels 2 1 are

coaxially and slidingly mounted over the guide wheel pins 22, which are inserted into bores

formed in the legs 2 on each side of the guide wheels 2 1 and perpendicular to the plane of the

slot. In some embodiments, the legs 2 are designed to deflect elastically relatively slightly in

order to allow for manufacturing tolerances of the parts of the transmission 100. The ball 1,

the legs 2, the ball axle 3, the rollers 4, the stator wheels 30, the stator wheel pins 31, the

guide wheels 21, and the guide wheel pins 22 collectively form the ball/leg assembly 403

seen in Figure 5.

[0094] Referring to the embodiment illustrated in Figures 4, 6, and 7, shifting is

actuated by rotating a rod 10 that is positioned outside of the case 40. The rod 10 is utilized

to wrap an unwrap a flexible input cable 155a and a flexible output cable 155b that are

attached to, at their respective first ends, and wrapped around the rod 10, in opposite

respective directions. In some embodiments, the input cable 155a is wrapped counter¬

clockwise around the rod 10 and the output cable 155b is wrapped clockwise around the rod

10, when looking from right to left as the rod 10 is illustrated in Figure 6. Both the input



cable 155a and the output cable 155b extend through holes in the case 40 and then through

the first end of an input flexible cable housing 151a, and an output flexible cable housing

151b. The input flexible cable housing 151a and the output flexible cable housing 151b of

the illustrated embodiment are flexible elongated tubes that guide the input cable 155a and

output cable 155b radially inward toward the longitudinal axis 11 then longitudinally out

through holes in the stator discs 8 1 a, b and then again radially inward where the second end

of the input and output flexible cable housings 151a, b are inserted into and attach to the first

end of input and output rigid cable housings 153a, b, respectively. The input and output rigid

cable housings 153a, b, are inflexible tubes through which the cables 155a, b, pass and are

guided radially inward from the second ends of the flexible cable housings 151a, b and then

direct the cables 155a, b longitudinally through holes in the stator discs 81a, b and toward a

second end of the rigid cable housings 153a, b near the idler 18. In many embodiments, the

cables 155a, b are attached at their second ends to an input shift guide 13a, and an output shift

guide 13b (described further below) with conventional cable fasteners, or other suitable

attachment means. As will be discussed further below, the shift guides 13a, 13b position the

idler 18 axially along the longitudinal axis 11 and position the legs 3 radially, thereby

changing the axes of the balls 1 and the ratio of the transmission 100.

[0095] If the rod 10 is rotated counter-clockwise, relative to the axis of the rod 10

from right to left as illustrated in Figure 6, by the user, either manually or by or assisted with

a power source, the input cable 155a unwinds from the rod 10 and the output cable 155b

winds onto the rod 10. Therefore, the second end of the output cable 155b applies a tension

force to the output shift guide 13b and the input cable 155a is unwinding a commensurate

amount from the rod 10. This moves the idler 18 axially toward the output side of the

transmission 100 and shifts the transmission 100 toward low.

[0096] Still referring to Figures 4, 5, and 7, the illustrated shift guides 13a, b, are

each generally of the form of an annular ring with inside and outside diameters, and are

shaped so as to have two sides. The first side is a generally straight surface that dynamically

contacts and axially supports the idler 18 via two sets of idler bearings 17a, 17b, which are

each associated with a respective shift guide 13a, b. The second side of each shift guide 13a,

b, the side facing away from the idler 18, is a cam side that transitions from a straight or flat

radial surface 14, towards the inner diameter of the shift guides 13a, b, to a convex curve 97

towards the outer diameter of the shift guides 13 a, b. At the inner diameter of the shift guides

13a, b a longitudinal tubular sleeve 417a, b extends axially toward the opposing shift guide

13a, b in order to mate with the tubular sleeve 417a, b from that shift guide 13a, b. In some



embodiments, as illustrated in Figure 4, the tubular sleeve of the input side shift guide 13a

has part of its inner diameter bored out to accept the tubular sleeve of the output shift guide

13b. Correspondingly, a portion of the outer diameter of the tubular sleeve of the output shift

guide 13b has been removed to allow a portion of that tubular sleeve 417a, b to be inserted

into the tubular sleeve 417a, b of the input shift guide 13a. This provides additional stability

to the shift guides 13a, b of such embodiments.

[0097] The cross section side view of the shift guides 13a, b illustrated in Figure

4 shows that, in this embodiment, the flat surface 14 profile of the side facing away from the

is perpendicular to the longitudinal axis 11 up to a radial point where the guide wheels 2 1

contact the shift guides 13 a, b, if the ball axles 3 are parallel with the longitudinal axis 11 of

the transmission 100. From this point moving out toward the perimeter of the shift guide 13a,

b the profile of the shift guides 13a, b curves in a convex shape. In some embodiments, the

convex curve 97 of a shift guide 13a, b is not a radius but is composed of multiple radii, or is

shaped hyperbolically, asymptotically or otherwise. As the transmission 100 is shifted

toward low, the input guide wheels 21a, roll toward the longitudinal axis 11 on the flat 14

portion of shift guide 13a, and the output guide wheels 21b roll on the convex curved 97

portion of the shift guide 13b away from the longitudinal axis 11. The shift guides 13a, b,

can be attached to each other by either threading the tubular sleeve of the input shift guide

13a with male threads and the tubular sleeve of the output sleeve 13b with female threads, or

vice versa, and threading the shift guides 13a, b, together. One shift guide 13a, b, either the

input or output, can also be pressed into the other shift guide 13a, b. The shift guides 13 a, b

can also be attached by other methods such as glue, metal adhesive, welding or any other

means.

[0098] The convex curves 97 of the two shift guides 13a, b, act as cam surfaces,

each contacting and pushing the multiple guide wheels 21. The flat surface 14 and convex

curve 97 of each shift guide 13a, b contact the guide wheels 2 1 so that as the shift guides 13

a, b, move axially along the longitudinal axis 11, the guide wheels 2 1 ride along the shift

guide 13a, b surface 14, 97 in a generally radial direction forcing the leg 2 radially out from,

or in toward, the longitudinal axis 11, thereby changing the angle of the ball axle 3 and the

rotational axis of the associated ball 1.

[0099] Referring to Figures 4 and 7, the idler 18 of some embodiments is located

in a trough formed between the first sides and the sleeve portions of the shift guides 13 a, b,

and thus moves in unison with the shift guides 13a, b. In certain embodiments, the idler 18 is

generally tubular and of one outside diameter and is substantially cylindrical along the central



portion of its inside diameter with an input and output idler bearing 17a, b, on each end of its

inside diameter. In other embodiments, the outer diameter and inside diameters of the idler

18 can be non-uniform and can vary or be any shape, such as ramped or curved. The idler 18

has two sides, one near the input stator 80a, and one near the output stator 80b. The idler

bearings 17a, 17b provide rolling contact between the idler 18 and the shift guides 13a, b.

The idler bearings 17a, 17b are located coaxially around the sleeve portion of the shift guides

13a, b, allowing the idler 18 to rotate freely about the axis of the transmission 100. A sleeve

19 is fit around the longitudinal axis 11 of the transmission 100 and fitting inside the inside

diameters of the shift guides 13a, b. The sleeve 19 is a generally tubular component that is

held in operable contact with an inside bearing race surface of each of the shift guides 13a, b

by an input sleeve bearing 172a and an output sleeve bearing 172b. The sleeve bearings

172a, b, provide for rotation of the sleeve 19 by rolling along an outer bearing race

complimentary to the races of the shift guides 13a, b. The idler 18, the idler bearings 17a,

17b, the sleeve 19, the shift guides 13a, 13b, and the sleeve bearings 172a, 172b collectively

form the idler assembly 402, seen in Figure 4.

[0100] Referring to Figures 4, 7, and 8, the sleeve 19 of some embodiments has

its inside diameter threaded to accept the threaded insertion of an idler rod 171. The idler rod

171 is a generally cylindrical rod that lies along. the longitudinal axis 11 of the transmission

100. In some embodiments, the idler rod 171 is threaded at least partially along its length to

allow insertion into the sleeve 19. The first end of the idler rod 171, which faces the output

side of the transmission 100, is preferably threaded through the sleeve 19 and extends out

past the output side of the sleeve 19 where it is inserted into the inside diameter of the output

disc 101.

[0101] As illustrated in Figure 8, the output disc 101 in some embodiments is

generally a conical disc that is spoked to reduce weight and has a tubular sleeve portion

extending from its inner diameter axially toward the output side of the transmission 100. The

output disc 101 transfers the output torque to a drive shaft, wheel, or other mechanical device.

The output disc 101 contacts the balls 1 on their output side and rotates at a speed different

from the input rotation of the transmission at ratios other than 1:1. The output disc 101

serves to guide and center the idler rod 171 at its first end so that the sleeve 19, idler 18, and

shift guides 13a, b stay concentric with the axis of the transmission 100. Alternately, an

annular bearing may be positioned over the idler rod 171, between the idler rod 171 and the

inside diameter of the output disc 101, to minimize friction. The idler rod 171, sleeve 19,



shift guides 13a, b, and idler 18 are operably connected, and all move axially in unison when

the transmission 100 is shifted.

[0102] Referring to Figure 2, a conical spring 133, positioned between the input

shift guide 13a and stator 80a biases the shifting of the transmission 100 toward low.

Referring to Figure 1, output disc bearings 102, which contact a bearing race near the

perimeter of the output disc 101, absorb and transfer axial force generated by the

transmission 100 to the case 40. The case 40 has a corresponding bearing race to guide the

output disc bearings 102.

[0103] Referring to Figures 4, 5, and 7, the limits of the axial movement of the

shift guides 13a, b define the shifting range of the transmission 100. Axial movement is

limited by inside faces 88a, b, on the stator discs 81a, b, which the shift guides 13a, b,

contact. At an extreme high transmission ratio, shift guide 13a contacts the inside face 88a

on the input stator discs 81a, and at an extreme low transmission ratio, the shift guide 13b

contacts the inside face 88 on the output stator disc 81b. In many embodiments, the curvature

of the convex curves 97 of the shift guides 13a, b, is functionally dependent on the distance

from the center of a ball 1 to the center of the guide wheel 21, the radius of the guide wheel

21, the angle between lines formed between the two guide wheels 2 1 and the center of the

ball 1, and the angle of tilt of the ball 1 axis. An example of such a relationship is described

below, with respect to Figures 25, 26 and 27.

[0104] Now referring to embodiments illustrated by Figures 1, 5, and 7, one or

more stator wheels 30 can be attached to each leg 2 with a stator wheel pin 31 that is inserted

through a hole in each leg 2. The stator wheel pins 31 are of the proper size and design to

allow the stator wheels 30 to rotate freely over each stator wheel pin 31. The stator wheels

30 roll along the concave curved surfaces 90 of the stator curves 82 that face the balls 1. The

stator wheels 30 provide axial support to prevent the legs 2 from moving axially and to

ensure that the ball axles 3 tilt easily when the transmission 100 is shifted.

[0105] Referring to Figures 1 and 7, a spoked input disc 34, located adjacent to

the stator 80a, partially encapsulates but generally does not contact the stator 80a. The input

disc 34 may have two or more spokes or may be a solid disc. The spokes reduce weight and

aid in assembly of the transmission 100. In other embodiments, a solid disc can be used. The

input disc 34 has two sides, a first side that contacts with the balls 1, and a second side that

faces opposite the first side. The input disc 34 is generally an annular disk that fits coaxially

over, and extends radially from, a set of female threads or nut 37 at its inner diameter. The

outside diameter of the input disc 34 is designed to fit within the case 40, if the case 40 used



is the type that encapsulates the balls 1 and the input disc 34 and mounts to a rigid support

structure 116 such as a chassis or frame with conventional bolts, which are inserted through

bolt holes in a flange on the case 40. As mentioned above, the input disc 34 is in rotating

contact with the balls 1 along a circumferential ramped or bearing contact surface on a lip of

the first side of the input disc 34, the side facing the balls 1. As also mentioned above, some

embodiments of the input disc 34 have a set of female threads 37, or a nut 37, inserted into its

inside diameter, and the nut 37 is threaded over a screw 35, thereby engaging the input disc

34 with the screw 35.

[0106] Referring to Figures 1 and 4, the screw 35 is attached to and rotated by a

drive shaft 69. The drive shaft 69 is generally cylindrical and has an inner bore, a first end

facing axially towards the output side, a second end facing axially toward the input side, and

a generally constant diameter. At the first end, the drive shaft 69 is rigidly attached to and

rotated by the input torque device, usually a gear, a sprocket, or a crankshaft from a motor.

The drive shaft 69 has axial splines 109 extending from its second end to engage and rotate a

corresponding set of splines formed on the inside diameter of the screw 35. A set of central

drive shaft ramps 99, which on a first side is generally a set of raised inclined surfaces on an

annular disk that is positioned coaxially over the drive shaft 69, have mating prongs that mate

with the splines 109 on the drive shaft 99, are rotated by the drive shaft 69, and are capable of

moving axially along the drive shaft 69. A pin ring 195 contacts a second side of the central

drive shaft ramps 99. The pin ring 195 is a rigid ring that is coaxially positioned over the

idler rod 171, is capable of axial movement and has a transverse bore that functions to hold

an idler pin 196 in alignment with the idler rod 171. The idler pin 196 is an elongated rigid

rod that is slightly longer than the diameter of the pin ring 195 and which is inserted through

an elongated slot 173 in the idler rod 171 and extends slightly beyond the pin ring 195 at both

its first and second ends when it is inserted into the bore of the pin ring 195. The elongated

slot 173 in the idler rod 171 allows for axial movement of the idler rod 171 to the right, when

viewed as illustrated in Figure 1, without contacting the pin 196 when the transmission 100

is shifted from 1:1 toward high. However, when the transmission 100 is shifted from 1:1

toward low, the side on the input end of the elongated slot 173 contacts the pin 196, which

then operably contacts the central drive shaft ramps 99 via the pin ring 195. The idler rod

171 is thus operably connected to the central drive shaft ramps 99 when the transmission is

between 1:1 and low so that when the idler rod 171 moves axially the central drive shaft

ramps 99 also move axially in conjunction with the idler rod 171. The ramp surfaces of the

central drive shaft ramps 99 can be helical, curved, linear, or any other shape, and are in



operable contact with a set of corresponding central bearing disc ramps 98. The central

bearing disc ramps 98 have ramp faces that are complimentary to and oppose the central

drive shaft ramps 99. On a first side, facing the output side of the transmission 100, the

central bearing disc ramps 98 face the central drive shaft ramps 99 and are contacted and

driven by the central drive shaft ramps 99.

[0107] The central bearing disc ramps 98 are rigidly attached to a bearing disc 60,

a generally annular disc positioned to rotate coaxially about the longitudinal axis 11 of the

transmission 100. The bearing disc 60 has a bearing race near its perimeter on its side that

faces away from the balls 1 that contacts a bearing disc bearing 66. The bearing disc bearing

66 is an annular thrust bearing at the perimeter of the bearing disc 60 and is positioned

between the bearing disc 60 and the case cap 67. The bearing disc bearing 66 provides axial

and radial support for the bearing disc 60 and in turn is supported by a bearing race on a case

cap 67, which acts with the case 40 to encapsulate partially the inner parts of the transmission

100.

[0108] Referring to Figure 1, the case cap 67 is generally an annular disc

extending from the drive shaft 69 having a tubular portion extending toward the output end

from at or near its perimeter and also having a bore through its center. The case cap 67

absorbs axial and radial forces produced by the transmission 100, and seals the transmission

100, thereby preventing lubricant from escaping and contamination from entering. The case

cap 67 is stationary and, in some embodiments, is rigidly attached to the case 40 with

conventional fastening methods or can have male threads on its outside diameter, which mate

with corresponding female threads on the inside diameter of the case 40. As was mentioned

above, the case cap 67 has a bearing race that contacts the bearing disc bearing 66 near the

perimeter of the bearing disc 60 that is located at the inside of the output end of the tubular

extension from the case cap 67. The case cap 67 also has a second bearing race facing the

output side located near the inside diameter of its annular portion that mates with a drive shaft

bearing 104. The drive shaft bearing 104 is a combination thrust and radial bearing that

provides axial and radial support to the drive shaft 69. The drive shaft 67 has a bearing race

formed on its outside diameter facing the input side that mates with the drive shaft bearing

104, which transfers the axial force produced by the screw 35 to the case cap 67. An input

bearing 105, adds support to the drive shaft 69. The input bearing 105 is coaxially positioned

over the drive shaft 69 and mates with a third race on the inside diameter of the case cap 67

facing the input side of the transmission 100. A cone nut 106, a generally cylindrical



threaded nut with a bearing race designed to provide a running surface for the input bearing

105, is threaded over the drive shaft 69 and supports the input bearing 105.

[0109] Referring to the embodiment illustrated in Figure 1, a set of multiple

perimeter ramps 61, generally forming a ring about the longitudinal axis 11, are rigidly

attached to the bearing disc 60. The perimeter ramps 6 1 are multiple inclined surfaces that

are positioned radially about the longitudinal axis 11 and are positioned against or formed on

the bearing disc 60 and face the output side. The inclined surfaces can be curved, helical,

linear, or another shape and each one creates a wedge that produces and axial force that is

applied to one of multiple ramp bearings 62. The ramp bearings 62 are spherical but can be

cylindrical, conical, or another geometric shape, and are housed in a bearing cage 63. The

bearing cage 63 of the illustrated embodiment is generally ring shaped with multiple

apertures that contain the individual ramp bearings 62. A set of input disc ramps 64 are

rigidly attached to, or formed as part of, the input disc 34. The input disc ramps 64 in some

embodiments are complimentary to the perimeter ramps 62 with the ramps facing toward the

input side. In another embodiment, the input disc ramps 64 are in the form of a bearing race

that aligns and centers the ramp bearings 62 radially. The ramp bearings 62 respond to

variations in torque by rolling up or down the inclined faces of the perimeter ramps 6 1 and

the input disc ramps 64.

[0110] Referring now to Figures 1 and 4, an axial force generator 160 is made up

of various components that create an axial force that is generated and is applied to the input

disc 34 to increase the normal contact force between the input disc 34 and the balls 1, which

is a component in the friction the input disc 34 utilizes in rotating the balls 1. The

transmission 100 produces sufficient axial force so that the input disc 34, the balls 1, and the

output disc 101 do not slip, or slip only an acceptable amount, at their contact points. As the

magnitude of torque applied to the transmission 100 increases, an appropriate amount of

additional axial force is required to prevent slippage. Furthermore, more axial force is

required to prevent slippage in low than in high or at a 1:1 speed ratio. However, providing

too much force in high or at 1:1 will shorten the lifespan of the transmission 100, reduce

efficiency, and/or necessitate larger components to absorb the increased axial forces. Ideally,

the axial force generator 160 will vary the axial force applied to the balls 1 as the

transmission 100 is shifted and as torque is varied. In some embodiments, the transmission

100 accomplishes both these goals. The screw 35 is designed and configured to provide an

axial force that is separate and distinct from that produced by the perimeter ramps 61. In

some embodiments, the screw 35 produces less axial force than the perimeter ramps 61,



although in other versions of the transmission 100, the screw 35 is configured to produce

more force than the perimeter ramps 61. Upon an increase in torque, the screw 35 rotates

slightly farther into the nut 37 to increase axial force by an amount proportional to the

increase in torque. If the transmission 100 is in a 1:1 ratio and the user or vehicle shifts into a

lower speed, the idler rod 171, moves axially toward the input side, along with the sleeve 19,

sleeve bearings 172, shift guides 13a, b, and idler 18. The idler rod 171 contacts the central

drive shaft ramps 99 through the pin 196 and pin ring 195, causing the central drive shaft

ramps 99 to move axially toward the output side. The ramped surfaces of the central drive

shaft ramps 99 contact the opposing ramped surfaces of the central bearing disc ramps 98,

causing the central bearing disc ramps 98 to rotate the bearing disc 67 and engage the

perimeter ramps 6 1 with the ramp bearings 62 and the input disc ramps 64. The central drive

shaft ramps 99 and the central bearing disc ramps 98 perform a torque splitting function,

shifting some of the torque from the screw 35 to the perimeter ramps 61. This increases the

percentage of transmitted torque that is directed through the perimeter ramps 61, and because

the perimeter ramps 6 1 are torque sensitive as described above, the amount of axial force that

is generated increases.

[0111] Still referring to Figures 1 and 4, when shifting into low, the idler 18

moves axially towards the output side, and is pulled toward low by a reaction of forces in the

contact patch. The farther the idler 18 moves toward low, the stronger it is pulled. This

"idler pull," which increases with an increase in normal force across the contact as well as

shift angle, also occurs when shifting into high. The idler pull occurs due to a collection of

transverse forces acting in the contact patch, the effect of which is called spin. Spin occurs at

the three contact patches, the points of contact where the balls contact the input disc 34, the

output disc 101, and the idler 18. The -magnitude of the resultant forces from spin at the

contact between the idler 18 and the balls 1 is minimal in comparison to that of the balls 1

and input and output discs 34, 101. Due to the minimal spin produced at the contact patch of

the idler 18 and ball 1 interface, this contact patch will be ignored for the following

explanation. Spin can be considered an efficiency loss in the contact patches at the input disc

34 and ball 1 and at the output disc 101 and ball 1. Spin produces a transverse force

perpendicular to the rolling direction of the balls 1 and discs 34, 101. At a 1:1 ratio, the

transverse forces produced by spin, or contact spin, at the input and output contact patches

are equal and opposite and are essentially cancelled. There is no axial pull on the idler 18 in

this condition. However, as the transmission 100 is shifted toward low for example, the

contact patch at the input disc 34 and ball 1 moves farther from the axis or pole of the ball 1.



This decreases spin as well as the transverse forces that are produced perpendicular to the

rolling direction. Simultaneously the output disc 101 and ball 1 contact patch moves closer to

the axis or pole of the ball 1, which increases spin and the resultant transverse force. This

creates a situation where the transverse forces produced by spin on the input and output sides

of the transmission 100 are not equal and because the transverse force on the output contact is

greater, the contact patch between the output disc 101 and ball 1 moves closer to the axis of

the ball 1. The farther the transmission 100 is shifted into low the stronger the transverse

forces in the contacts become that are exerted on the ball 1. The transverse forces caused by

spin on the ball 1 exert a force in the opposite direction when shifting into high. The legs 2

attached to the ball axles 3 transfer the pull to the shift guides 13a, b, and because the shift

guides 13a, b, are operably attached to the idler 18 and sleeve 19, an axial force is transferred

to the idler rod 171. As the normal force across the contact increases, the influence of contact

spin increases at all ratios and efficiency decreases.

[0112] Still referring to Figures 1 and 4, as the transmission 100 is shifted into

low, the pull transferred to the idler rod 171 results in an axial force toward the left, as

viewed in Figure 1, which causes the input torque to shift from the screw 35 to the perimeter

ramps 61. As the transmission 100 is shifted into extreme low, the idler rod 171 pulls more

strongly, causing relative movement between the central drive shaft ramps 99 and the central

bearing disc ramps 98 and shifts even more torque to the perimeter ramps 61. This reduces

the torque transmitted through the screw 35 and increases the torque transmitted through the

perimeter ramps 61, resulting in an increase in axial force.

[0113] Referring now to Figures 9, 10, and 11, a transmission 600 is disclosed

that incorporates an electric motor/generator 601 (MG 601). For simplicity, only the

differences between the transmission 100 and transmission 600 will be described. In one

embodiment, the MG 601 is an 8-pole brushless DC motor with 3 stator phases. The MG 601

can be comprised of an electrical stator 682 and an electrical rotor 694 which rotate in

opposite directions. The speed of the MG 601 is defined as the relative speed between the

electrical rotor 694 and the electrical stator 682. In one embodiment, the electrical stator 682

is operably attached to the idler 18, which due to the planetary effect of the balls 1 reverses

the rotation of the input disc 34; hence, the idler 18 rotates in the opposite direction of the

input disc 34.

[0114] The electrical rotor 694, which in some embodiments is a rotating

magnetic steel cylinder and is rigidly attached to the input disc 34, can be made from the

same component as the input disc 34, or can be made separately and joined to the input disc



34. In some embodiments the rotor 694 utilizes permanent magnets 680 annularly positioned

around and attached to the inside diameter of the rotor 694. In other embodiments, the

magnetic field produced by the rotor 694 uses one or more electromagnets.

[0115] The electrical stator 682 is comprised of coils 684 wrapped around

multiple laminations 686 that are rigidly attached to a stator mount 630. In one embodiment,

there are 24 identical silicon steel laminations, each having 18 teeth. The stator mount 630

also positions the electrical stator 682 relative to the rotor 694 and magnets 680, and routes

the multiple wires (not shown) that connect the electrical stator 682 to the source of

electricity. The stator mount 630 is operably attached to the idler shaft 602 with a plurality of

spline bearings 636.

[0116] The idler shaft 602 is a long, cylindrically shaped shaft that is positioned at

the center of the transmission 600, is coincident with the longitudinal axis 11, and is capable

of axial movement to move the idler 18 and thus shift the transmission. A cable 676 houses

the wires of the MG 601 which are routed from the electric stator 682, through the stator

mount 630, and terminate at a receptacle 674 inside the idler shaft 602. In one embodiment,

the cylindrically shaped receptacle 674 accepts three leads from the three phases of the

electric stator 682 and routes the three leads to a rotating conductor 672. The rotating

conductor 672, a cylindrically shaped component, transfers electricity from a rotating end at

the receptacle 674 to a stationary end at the conductor cap 668. In one embodiment, the

rotating conductor 672 is of the type that uses liquid metal, such as mercury, to transfer

current from the rotating end to the stationary end. In another embodiment, slip rings are

used, although any other suitable method can be employed. Extending from the conductor

cap 668 are three leads which are attached to a motor controller (not shown). The motor

controller is attached to the source of electricity (not shown).

[0117] Referring now to Figures 9 and 10, the idler 18 is positioned on the input

side of the transmission 600. As the idler 18 moves from the input side of the transmission

600 to the output side, the speed of the output disc 101 decreases. Additionally, if the MG

601 is operating at a constant speed, the speed of the rotor 694 increases because the rotor

694 is joined to the input disc 34 and rotates at a constant speed relative to the electrical stator

682 and the idler 18. The net effect is that there is a significant speed reduction at the output

disc 101 in all ratios relative to the speed of the MG 601.

[0118] In many applications, such as electric vehicles and industrial drives, a

reduction in rpm from the electric motor to the output device is required to achieve the

necessary speed. Another benefit of the transmission 600 in combination with an electric



motor 601 is an increase in torque, which equals the inverse of the decrease in speed. This

allows for a significantly smaller MG 601 to produce the required torque for a given

application. Other benefits of combining the transmission 600 with the MG 601 include a

shared shaft, case, and bearings. Still another benefit is that in many high torque applications

the input disc 34 is made from magnetic steel, and when the input disc 34 and rotor 694 are

made as one part, the additional weight and cost of the magnetic steel which surrounds the

magnets 680 is eliminated. Yet another benefit is the potential to liquid cool the electrical

stator 682 using the same fluid that is in the transmission 600. Depositing the same liquid on

the electrical stator 682 provides the opportunity to put significantly more power through the

MG 601. In some embodiments, a liquid cooled MG 601 can utilize the same fluid, pump,

hoses, and seals used in the transmission 600. Another benefit is the reduced size and weight

of the transmission 600, MG 601, and speed reducer when they are combined into one unit as

compared to three separate devices. The smaller size and weight reduces inertia and allows

the transmission 600 and MG 601 to fit into a smaller space than would otherwise be

required. In an electric vehicle, the smaller size and weight provides more room for batteries

or fuel cells.

[0119] Still another benefit is the elimination of couplers and shafts linking the

motor to the transmission to the speed reducer in a conventional electric drivetrain. Another

benefit is the increased efficiency attained from reducing the required number of bearings and

eliminating shaft misalignment between a motor, transmission, and speed reducer. Yet

another benefit is derived from the fact that there is no mechanical input into the MG 601,

transmission 600, or speed reducer. This provides opportunities for creative drivetrain

designs, including multiple inputs and outputs.

[0120] Still referring to Figures 9 and 10, the rotor 694 has attached to it on the

input side of the transmission 600, a side cap 612, which can be rigidly secured to the rotor

694 using standard fasteners. The side cap 612 is a disc shaped component that in one

embodiment is made from steel although other materials can be used. The side cap 612

serves to contain lubricant, cooling fluid, and to protect and contain the components of the

transmission 600. On the output side of the transmission 600 an end cap 658 is attached to

the rotor 694. The end cap 658 can be rigidly secured to the rotor 694 using standard

fasteners and in one embodiment is constructed of steel, although other materials can used.

[0121] An output disc bearing 605, which can support radial loads and in some

embodiments axial loads, is positioned around the outside diameter of the output disc 101 and

inside a bore of the end cap 658, and allows for relative movement between the output disc



101 and the end cap 658. A cap bearing 626, positioned around the idler shaft 602 and inside

a bore of the side cap 612, provides for relative movement between the rotor 694 and the idler

shaft 602, and can support radial loads and in some embodiments axial loads. A thrust

bearing 624, which serves to prevent axial movement of the side cap 612, is positioned

between the side cap 612 and a cap washer 628.

[0122] The cap washer 628 is rigidly attached to the shift screw 622, a stationary

piece which can be mounted by standard fasteners to a rigid, non-moving structure, such as a

frame or chassis, which is capable of withstanding the highest torque transferred through the

transmission 600. A shift nut 621 is threaded over the shift screw 622, and rotation of the

shift nut 621 causes the idler shaft 602 to move axially, shifting the transmission 600. The

shift nut 621 is a generally annularly shaped component that is threaded at a bore in its center

and does not experience high torque. In some embodiments, the shift nut 621 is constructed

from aluminum, although other materials, including plastic and steel can be used.

[0123] In the embodiment shown the transmission 600 is manually shifted,

although it can be shifted automatically using the centrifugal force of the rotating

components, an electric motor, or other suitable method. One or more handles 618 can be

attached to the shift nut 621, so that the user can more easily rotate the shift nut 621. The

shift nut 621 is attached with standard fasteners to a disc shaped shift ring 620 that has a bore

in its center. In one embodiment, the shift ring 620 is constructed from the same material as

the shift nut 621 although other materials may be used. The shift nut 621 and shift ring 620

contain two shift bearings 652a,b that minimize friction when the shift nut 621 and shift ring

620 rotate relative to a pin mount 650.

[0124] The pin mount 650 is a disc shaped component with a bore at its center

that provides clearance over the shift screw 622. The pin mount 650 axis is concentric with

the longitudinal axis 11 and is aligned by counterbores in the shift nut 621 and shift ring 620.

The pin mount 650 has two threaded holes 180 degrees apart extending radially from its

center although fewer or more threaded holes can be used. Two shift pins 616a,b, which in

one embodiment are threaded into the threaded holes of the pin mount 650, but can also be

pressed, welded, or inserted using any other suitable method, are threaded pins that extend

into the bore of the pin mount 650, through slots in the shift screw 622, and into the bore of

the shift screw 622. The shift pins 616a,b contact two pin bearings 654a,b, which are

positioned over the idler shaft 602 and inside the bore of the shift screw 622. The pin

bearings 654a,b provide relative movement between the rotating idler shaft 602, and the shift

pins 616a,b, and absorb thrust loads which occur from shifting the transmission 600.



[0125] Still referring to Figures 9 and 10, a stator bearing 614 is positioned in the

bore of the input stator 80a and around the idler shaft 602 to allow for axial movement

between the idler shaft 602 and the input stator 80a, and to withstand radial loads. On the

ouput side of the idler shaft 602 a shaft bearing 610 is positioned over the idler shaft 602 and

inside the bore of a stator brace 608. In some embodiments, the shaft bearing 610 is a needle

roller or cylindrical roller bearing where the rollers contact a hardened and polished area of

the idler shaft 602. This allows the idler shaft 602 to move axially relative to the shaft

bearing 610 with minimal friction. The stator brace 608 is a generally cylindrical component

that in some embodiments is made from hardened steel, although any suitable material can be

used. At a first end the stator brace 608 is rigidly attached to the cage 89 with standard

fasteners, although it can be welded, pressed into a bore of the cage 89, or formed integral

with the cage 89. At a second end the stator brace 608 is rigidly attached to a stationary

structure, such as a frame or chassis. To provide relative movement between the stator brace

608 and the output disc 101, one or more brace bearings 604a,b are positioned over the

outside diameter of the stator brace 608 and inside the bore of the output disc 101. The brace

bearings 604a,b also support radial loads and in some embodiments axial loads.

[0126] Referring now to Figures 11, 15, 16, and 17, the torque transferring

method between the idler shaft 602 and the electrical stator 682 is described. The idler shaft

602 can be constructed of any suitable material designed to withstand the torque and speed of

the transmission 600 and in some embodiments hardened steel is used, although mild steel,

aluminum, titanium, carbon fiber, can also be employed. The idler shaft 602 has formed into

its outside diameter one or more shaft grooves 634, generally longitudinal grooves that are

parallel with the idler shaft 602 axis and that in some embodiments are of a radius slightly

larger than the spline bearings 636. In some embodiments, the spline bearings 636 are

generally spherical rolling elements that transfer torque between the electrical stator 682 and

the idler shaft 602. The spline bearings 636 can be made from hardened steel or other

suitable materials. The number and size of spline bearings 636 used depends on the amount

of torque which must be transferred, the radius and length of the shaft grooves 634, and the

size of the transmission 600.

[0127] Formed into the inside diameter of the stator mount 630 are one or more

mount grooves 632, which in some embodiments are identical to the shaft grooves 634, but in

other embodiments can be longer or shorter, and also use a different radius. In some

embodiments, the spline bearings 636 are positioned so that the center of each spline bearing

636 is halfway between the radial depth of both the shaft grooves 634 and mount grooves



632. The spline bearings 636 have a self centering feature in that they roll tangentially up

both the radii of the shaft grooves 634 and mount grooves 632 an equal amount. When two

or more shaft grooves 634 and mount grooves 632 are used, and when they are positioned

angularly equidistant, the spline bearings 636 will center the electrical stator 682 relative to

the idler shaft 602. In some embodiments, a small amount of clearance is provided for the

spline bearings 636 to allow the self-centering to occur, and to aid in assembly. If a small

amount of clearance is provided, the spline bearings 636 will also locate themselves in the

proper position the first time the transmission 600 is shifted. When the transmission 600 is

shifted, the spline bearings 636 roll axially along the shaft grooves 634 and mount grooves

632 at half the distance the idler shaft 602 moves axially. The length of the shaft grooves 634

and mount grooves 632 should be at least twice the length of the diameter of a spline bearing

636 times the number of spline bearings 636 in each shaft groove 634. In some embodiments

the stator bearing 614 and the cap bearing 626 are used to limit the spline bearings 636 axial

movement.

[0128] Referring now to Figures 9, 11, 15, 16, and 17, the routing of the

electrical wires to the electrical stator 682 is described. In some embodiments, three

electrical wires are routed into a shaft hole 638 of the idler shaft 602, where as previously

described, the rotating conductor 672 converts the non-rotating wires to rotating wires. The

wires, housed in a cable 676 are routed into the cable tube 639, a hollow blind hole in the

center of the idler shaft 602, and then through a shaft slot 635, a slot that extends axially

along a portion of the idler shaft 602 which forms a through hole from the outside diameter of

the idler shaft 602 to the cable tube 639. The three electrical wires (not shown) then exit the

cable 676 and branch out to each of the three stator phases inside the wire cavity 648 of the

stator mount 630. As the idler shaft 602 moves axially from the input side to the output side

and back during shifting, it alternately lengthens and shortens the wires connected to the

electrical stator 682. The wire cavity 648 provides space for the required additional length of

the electrical wires during shifting.

[0129] In order to aid the routing of the electrical wires, one or more assembly

holes 646 are formed into the outside diameter of the stator mount 630, which provide access

to the wires inside the wire cavity 648. Additionally, one or more routing holes 644 formed

axially through a wall of the stator mount 630, aid in routing each of the three electrical wires

to their respective stator phases. Either the assembly holes 646 or the routing holes 644 can

be used to access the electrical wires and the leads from the electrical stator 682 so that the

wires and leads can be pulled through the assembly holes 646 or routing holes 644, soldered



together, insulated, and then reinserted into the wire cavity 648. In some embodiments, one

or more lamination threaded holes 642 are formed into a radially extending wall of the stator

mount 630 to secure the electrical stator 682 to the stator mount 630.

[0130] Referring now to Figures 9, 10, 11, 18, and 19, the electrical stator 682

and rotor 694 are described. In some embodiments, the MG 601 is of the type that

incorporates an iron core, and multiple laminations 686 of the type in Figure 18 are stacked

together, then conducting wire coils 684 are wrapped around each tooth 692 in the space

provided by the slots 690 to produce an electrical stator 682 of the type seen in Figure 19. In

some embodiments 18 slots 690 and teeth 692 are used although fewer or more can be used

depending upon the application. In some embodiments, lamination holes 688 in each

lamination 686 are used to secure the electrical stator 682 to the stator mount 630. Standard

fasteners, such as machine screws are inserted through the lamination holes 688 and screwed

into the lamination threaded holes 642 of the stator mount 630.

[0131] Referring now to Figures 9, 10, 11, 18, 19, and 20, in some embodiments

eight magnets 680 are used to create an eight pole electrical motor 601, although fewer or

more magnets 680 can be used. The magnets 680 are of the permanent magnet type and can

be made from any suitable material, including hard ferrite ceramic, samarium cobalt, and

neodymium boron iron. The magnets 680 have a radius matching the inside diameter of the

rotor 694 at their outside diameter and a radius on their inside diameter which is concentric

with the rotor 694 and the electrical stator 682. In some embodiments, the distance between

the magnets 680 and the electrical stator 682 is as small as possible to maximize the magnetic

flux and thus torque produced by the MG 601. Half of the magnets 680 are magnetized so

that the polarity extends radially from south to north and the remaining magnets 680 have a

polarity extending radially from north to south. The magnets 680 are arranged so that every

other magnet 680 has the same polarity. To aid in the dissipation of heat, one or more vent

holes 609, formed into the rotor 694, allow for circulation of air in applications that do not

require liquid cooling. In applications where liquid cooling or any liquid is used the vent

holes are eliminated 609.

[0132] Referring now to Figures 9, 10, 14, and 15, the idler 18 and related parts

are described. The idler 18, although very similar to the idler 18 of the transmission 100,

differs in that it transfers power. The idler 18 is rigidly attached to the idler shaft 602 with an

interference fit, welding, standard fasteners, a key, or any other suitable method. The idler

bearings 17a,b provide for relative movement between the idler 18 and the non-rotating shift

guides 13a,b. The shift guides 13a,b are very similar to the shift guides 13a,b of the



transmission 100 except that they are formed with clearance between their inside diameters

and the idler shaft 602, so that they do not hit the rotating idler shaft 602.

[0133] Referring now to Figures 9, 10, 21, and 22, the shift screw 622 and

related parts are described. In some embodiments one or more flange holes 664 on the shift

screw 622 are used to attach rigidly the shift screw 622 to a stationary object, although other

methods to attach the shift screw 622 to a rigid, not-rotating object may be used. A shift bore

660 defined by the inside diameter of the shift screw 622 covers and protects the conductor

cap 668, the rotating conductor 672, and other components. A shift slot 662 is formed at an

end opposite the flange holes 664, and extends axially to confine and prevent the leads 670

from rotating, and to allow the leads 670 to move axially as the transmission 600 is shifted.

The shift threads 666 of the shift screw 622 can be of a pitch and size to accommodate

manual or automatic shifting, depending on the required speed, as well as the shift force that

must be overcome. In some embodiments, the number of threads is of an axial length which

is greater than the axial movement of the idler shaft 602 to improve ease of assembly and

provide for loose tolerances.

[0134] In some embodiments two pin slots 678a,b are formed through the shift

screw 622, although more or fewer can be used. The pin slots 678a,b extend axially along the

shift screw 622 and are of a length that is at least as long as the distance that the idler shaft

602 is able to move axially. The width of the pin slots 678a,b is slightly larger than the

diameter of the shift pins 616a,b to allow freedom of movement. The pin mount 650 has a

bore slightly larger than the diameter of the shift threads 666 to provide clearance and

unrestricted movement. When the transmission 600 is shifted, the shift nut 621 is rotated

which causes the pin mount 650 to move axially. Two threaded pin holes 656a,b are formed

radially in the pin mount 650 and in one embodiment are 180 degrees apart. More or fewer

threaded pin holes 656a,b can be used depending on the size and torque rating of the

transmission 600. Two shift pins 616a,b are screwed into the threaded pin holes 656a,b until

they extend beyond the bore of the pin mount 650 and into the shift bore 660. The shift pins

616a,b contact two pin bearings 654a,b which are positioned on each side of the shift pins

6l6a,b and provide for relative movement between the idler shaft 602 and the shift pins

616a,b, as well as to absorb axial forces. The pin bearings 654a,b can be held in position by

standard fasteners, and in one embodiment, retaining rings are used and inserted into grooves

formed into the surface of the idler shaft 602 on a side of the pin bearings 654a,b facing away

from the shift pins 616a,b.



[0135] Referring now to Figures 9, 10, and 12, a powerpath for some

applications, including industrial equipment such as robots, mixers, drills, mills, conveyors,

etc., as well as electric vehicles, is described. Because the rotor 694 and electrical stator 682

rotate in opposite directions at a substantially constant relative speed, both components of the

electric motor 601 input power to the transmission 600. Power from the rotor 694 follows the

rotor path 710 at the perimeter of the transmission 600, and travels axially towards the output

side of the transmission, through the input disc 34, and into the balls 1. It should be noted

that although rotor path 710 arrows are only drawn at the top of the section view of Figure

12, the rotor path 710 follows a symmetrical and identical path at the bottom of the section

view of Figure 12. Power from the electrical stator 682 follows the stator path 712, which

begins at the electrical stator 682, travels into the idler shaft 602, and moves axially toward

the output side of the transmission 602, then radially out through the idler 18, and into the

balls 1. It should be noted that although stator path 712 arrows are only drawn at the top of

the section view of Figure 12, the stator path 712 follows a symmetrical and identical path at

the bottom of the section view of Figure 12. At the balls 1, power received from both the

rotor path 710 and stator path 712 merge, and output power is transferred to the output disc

101 and exits the transmission 600 through a speed reduction path 714 wherein there is power

from one output component rotating in one direction. Significantly, the speed reduction

realized from the rotor path 710 and stator path 712 rotating in opposite directions to a single

speed reduction path 714, also creates a torque increase. The torque increase is the inverse of

the speed reduction.

[0136] Referring now to Figures 9, 10, 12, and 13, the reverse powerpath of

Figure 12 is described. If the powerpath of Figure 12 is reversed, a significant speed

increase and torque reduction is realized. Power enters the transmission at the output disc

101, and power follows the speed increaser path 724, moving axially from the output side of

the transmission 600 toward the balls 1. Power enters the balls 1 and is then split into two

components, the rotor path reversed 720, and the stator path reversed 722. Power along the

rotor path reversed 720 enters the input disc 34 and then moves axially toward the input side

of the transmission 600 to the rotor 694. Power along the stator path reversed 722 enters the

idler 18 and then moves axially toward the input side of the transmission 600 through the

idler shaft 602, and into the electrical stator 682. Because the electrical stator 682 and the

rotor 694 are receiving mechanical power, the MG 601 becomes a generator, converting

mechanical power into electricity. The MG 601 can be advantageously used in some power

generating applications which require a speed increase, such as wind turbines.



[0137] Referring now to Figures 23 and 24, a powerpath for an application

requiring multiple power inputs, such as a hybrid vehicle, is shown. For simplicity, only the

differences between the transmission 800 and the transmission 600 will be described. In the

transmission 800 the magnets 680 are attached to a modified hybrid stator 802. The hybrid

stator 802 is similar to the input stator 80a of the transmission 600 but in addition includes a

cylindrical stator boss 808, with an inside diameter to which the magnets 680 are attached. In

the transmission 800 the hybrid stator 802 and the cage 89 rotate, and power is transferred

through the cage 89 into the balls 1. In some embodiments, the hybrid stator 802 is made

from magnetic steel, while in other embodiments the stator boss 808 is made from magnetic

steel while the remainder of the hybrid stator 802 is made from another material, such as

aluminum, titanium, non-magnetic steel, plastic, or any other suitable material. The magnets

680 and the hybrid stator 802 comprise the hybrid rotor 810.

[0138] As in the transmission 600, the electrical stator 682 transfers power

through the idler shaft 602 and into the idler 18, and a third power source enters through the

hybrid case 804. The hybrid case 804 is a rotating, generally cylindrical component similar

to the rotor 694 of the transmission 600, and in some embodiments is made from the same

materials. The hybrid case 804 in some embodiments has attached to it a hybrid pulley 806.

The hybrid pulley 806 is attached on the input side of the hybrid case 804, and in some

embodiments the hybrid pulley 806 is formed so that it and the hybrid case 804 are one part.

In other embodiments, the hybrid pulley 806 and the hybrid case 804 are two separate parts

and the hybrid pulley 806 is attached over the circumference of the hybrid case 804 with an

interference fit, welding, a key, pin, or any other suitable method. In some embodiments, the

hybrid pulley 806 is replaced by a sprocket, gear, or any other method where torque can be

transferred to the hybrid case 804. In some embodiments, the hybrid pulley 806 is connected

to a pulley on the shaft of an internal combustion engine (not shown) by a belt (not shown).

In other embodiments, the hybrid pulley 806 is operably attached to a steam engine or any

other torque generating machine.

[0139] Referring now to Figure 23, the powerpath through the transmission 800

is described. The electrical stator 682 inputs power to the hybrid stator path 742, which

travels through the idler shaft 602, through the idler 18, and into the balls 1. The hybrid rotor

810 inputs power to the hybrid rotor path 744, which rotates the cage 89 and thus the balls 1,

inputting power into the balls 1. The hybrid case 804 inputs power to the case path 740,

which travels through the input disc 34 and into the balls 1. Unlike the transmission 100

where the cage 89 is fixed and does not rotate, there are no fixed components in the



transmission 800. Output power exits the hybrid output 746, which travels from the balls I5

through the output disc 101, and to an external component (not shown), such as a wheel,

drive shaft, etc.

[0140] Still referring to Figure 23, the transmission 800 in some embodiments

can be configured to be an infinitely variable transmission (IVT), where the speed ratio

moves continuously from forward to zero and into reverse. If the hybrid rotor 810 rotates

more rapidly than the input disc 34, the cage 89 and the idler 18 rotate in the same direction

and an IVT results. It should be noted that the input disc 34, the cage 89, and the idler 18, all

rotate in the same direction while the balls 1 rotate in the reverse direction. In a typical

hybrid vehicle, the internal combustion engine will rotate at a speed significantly lower than

the electric motor/generator. In some embodiments, the internal combustion engine is

attached to the hybrid pulley, which drives the input disc 34, and the hybrid rotor 810 is

attached to the hybrid stator 802, which rotates the cage 89. The ratio of the IVT in the

transmission 800 increases as the speed of the cage 89 increases relative to the speed of the

input disc 34. However, as gamma changes, which is the angle of the ball axle 3 relative to

the longitudinal axis 11, the idler 18 speed also changes. Because the MG 601 rotates at a

generally constant speed, the change in the speed of idler 18, relative to the constant speed of

the cage 89, causes the speed of the cage 89 to vary relative to the speed of the input disc 34.

As the speed of the cage 89 increases or decreases it increases or decreases the ratio of the

transmission 800 when it is configured as an IVT.

[0141] In the following chart, various angles of gamma show the resulting ratios

and the speed of the idler 18 when the speed of the cage 89 is designed to be three times as

fast as the speed of the input disc 34. The ratio is the speed of the output disc 101 compared

to the speed of the input disc 34. It can be seen that as the gamma moves from -20 gamma to

20 gamma, the speed of the idler 18 increases. This reduces the speed differential between

the cage 89 and the input disc 34, reducing the ratio of the IVT in reverse. A factor can be

obtained by subtracting the speed of the cage 89 from the speed of the idler 18. A ratio factor

of 1 is obtained by dividing the factor by itself when gamma equals zero. This ratio factor

decreases toward negative gamma and increases toward positive gamma. Dividing the ratio

by the ratio factor from gammas of -20 to 20 provides the true ratio that can be obtained.

[0142] As can be seen in the following chart the true ratio increases in overdrive

and decreases in reverse. This is particularly advantageous for hybrid vehicles when they are

cruising at highway speeds because it increases the top speed to which the transmission 800

can maintain an optimum speed of an internal combustion engine and the MG 601, it splits



power into the transmission 800 which increases efficiency, there are no input shafts which

aids packaging and provides for flexible powertrain design, and the speed of the highest

speed component (the idler 18) decreases, which also improves efficiency. It is also

advantageous in reverse, because high speeds are generally not necessary in reverse. This

allows the transmission 800 to be used in all gamma angles, covering all possible surfaces of

the balls 1 and the idler 18, increasing the life of the transmission 800. Further, a hybrid

vehicle can be operated on either the internal combustion engine alone, or the MG 601 alone,

and variable speed through the transmission 800 is maintained.

[0143] Referring now to Figures 25-28, a generator 851 of the transmission 850

is described. For simplicity, only the differences between the transmission 850 and the

transmission 600 will be described. In the transmission 850, power enters from a sprocket

870 on the input side (right side) of Figure 25, although in other embodiments torque can be

transferred via a gear, pulley, or any other suitable method. The input disc 34 is on the right

side of Figure 25, and power travels from the input disc 34 to the balls 1 to the output disc

101. In the transmission 850 there is a single input and a single output, the cage 89 is fixed

(does not rotate), and the idler 18 does not transfer power but freely rotates. A generator 851

is positioned on the output side of the transmission 850 between a rotating hub shell 872 and

a non-rotating slotted stator 858.

[0144] The output disc 101 is attached to the hub shell 872 with an interference

fit, welding, standard fasteners, a key, or any other suitable method. In some embodiments, a

magnetic steel ring 856a is attached to the hub shell 872 to minimize magnetic field losses.

In other embodiments, the hub shell 872 is made of magnetic steel or other magnetic material

and the steel ring 856a is eliminated. In still other embodiments, a portion of the hub shell

872 that contacts the generator 851 is made from a magnetic material while other portions

can be made from aluminum, a composite, titanium, or other suitable material.



[0145] Attached to the steel ring 856a is a plurality of magnets 852. In some

embodiments the magnets 852 are thin, flat components positioned radially around the

longitudinal axis of the transmission 850. The magnets 852 in some embodiments are

permanent magnets that have a radius on their inside diameter and their outside diameter

concentric with the longitudinal axis 11. In some embodiments, a second steel ring 856b is

attached to the slotted stator 858. In other embodiments the slotted stator 858 is made from

magnetic steel or other magnetic material and is solid, to minimize magnetic field losses.

[0146] Attached to the second steel ring 856b is the stator 854, composed of a

plurality of coils 862 (best seen in Figure 26). The coils 862 are positioned radially around

and concentric with the longitudinal axis 1 1 of the transmission 850. In some embodiments,

the coils 862 are made from wire that is wound to form a substantially trapezoidal shape. In

low power applications the coils 862 can be printed, such as on a circuit board. In still other

embodiments, the coils 862 can be formed from sheets of copper, silver, aluminum, or other

conducting material. In one embodiment the generator 851 is an 8 pole brushless DC

generator with three stator phases, although the generator 851 can be designed to produce

electricity by any method known in the art.

[0147] Referring now to Figures 27 and 28, the routing of the generator 851

wires is described. Wires (not shown) attached to the coils 862 are routed radially in a wire

route 864 formed into the slotted stator 858. The wires travel circumferentially from the coils

862, and join in the wire route 864, where the wires are directed radially inward and through

an axle wire slot 868, into a bore 866 in the hollow axle 860. The hollow axle 860, the

slotted stator 858, the steel ring 856b, and the coils 862 are all stationary, non-rotating

components, and are all attached to each other. The wires then travel through the bore 866 of

the hollow axle 860 and exit on the output side (left side) of the transmission 850.

[0148] Referring now to Figures 29 and 30, an alternative motor/generator 900

(MG 900) of the transmission 600 is disclosed where the balls 1 are permanent magnets. The

MG 900 can be used in place of the MG 601 or in addition to the MG 601. In some

embodiments, the balls 1 are made from sintered hard ferrite ceramic magnetic material, such

as strontium ferrite, that has been optimized for its mechanical properties as well as magnetic

properties. The hard ferrite ceramic magnets can achieve hardness approaching hardened

tool steel and the material is significantly lighter than steel. Additionally, the holes in the

balls 1 can be formed during the sintering process. In other embodiments, the balls 1 can be

made from rare earth neodymium iron boron, which produces extremely strong permanent

magnets. The neodymium iron boron material is optimized for its mechanical properties as



well as its magnetic properties, and is sintered. Neodymium iron boron magnets can be made

very hard, with hardness similar to hardened tool steel. Due to the corrosive nature of

neodymium iron boron, in some embodiments the neodymium iron boron undergoes a final

process where a corrosion resistant coating is applied. This coating can also be a high

friction coating, where a material such as silicon nitride is used. Additionally, the coating can

produce a textured service to increase friction in the contact patches between the balls 1, the

input disc 34, the output disc 101, and in some embodiments the idler 18. Alternatively, the

textured surface on the balls 1 can be formed during the sintering process of either the

neodymium iron boron or the hard ferrite ceramic.

[0149] Referring to Figure 30, the forming of the magnetic north 914 and south

916 poles on the balls 1 during the manufacturing process is described. In some

embodiments the balls 1 are magnetized so that the pole axis 910 of the north 914 and south

916 poles are not 90 degrees to the ball axis 908 but are angularly offset to maximize the area

of the coils out 902 and coils in 904 that can be positioned between the balls 1, and to allow

for changes in the position of the pole axis 906 during shifting. In some embodiments, the

magnetic axis 906 is angularly offset 30 degrees from the pole axis 910, although in other

embodiments the angle of the pole axis 906 can vary from 5-45 degrees from the pole axis

910.

[0150] Referring to Figures 29 and 30, the north poles 914 and the south poles

916 in some embodiments rotate on either the input or output side only. In Figure 30, if the

north pole 914 is positioned on the input side of the transmission 600, it will always rotate on

the input side as long as gamma remains at 30 degrees or less. Similarly, the south pole 916

will always rotate on the output side. This provides room to maximize the amount of current

carrying conductors between the balls 1. Two sets of adjacent coils (the perimeter coils

902a,b and the inside coils 904a,b) are positioned between the balls 1. The perimeter coils

902b and the inside coils 904b are positioned on the input side of the transmission 600 so that

the north pole 914 rotates past these coils 902b, 904b. The perimeter coils 902a and the

inside coils 904a are positioned on the output side of the transmission 600 so that the south

pole 916 rotates past these coils 902a, 904a.

[0151] In some embodiments, the balls 1 and the coils 902a,b and 904a,b are

configured as a brushless DC motor or generator and thus the polarity of the coils 902a,b and

904a,b is switched electronically. Each coil 902a,b and 904a,b can thus be controlled to

attract two balls 1, if every other ball 1 is positioned so that its north pole 914 is positioned

radially away from the longitudinal axis 11, and the remaining balls 1 are positioned so that



their south poles 916 are positioned radially away from the longitudinal axis 11. Each ball 1

is positioned 180 degrees apart from its adjacent two balls. Each coil 902a,b and 904a,b has

an iron core (not shown), similar to the laminations 686 in the electric stator 682 of the MG

601.

[0152] Referring now to Figures 31-35, an alternative MG 950 to the

transmission 600 is shown. For simplicity, only the differences between the MG 950 and the

MG 601 will be described. The stator 988 of the MG 950 has a generally toroidal shape, and

is composed of individual conductors 954 arrayed radially around the longitudinal axis 11.

The toroidal shape of the MG 950 increases surface area while allowing the magnets 970, 972

on each side of the stator 988 to have substantially equal surface areas. The conductors 954

in some embodiments are constructed from flat copper sheet, although other conductive

materials can be used, including aluminum and silver. The thickness of the sheet metal

depends on the amount of current that is run through the conductors 954, but is of sufficient

thickness to maintain its final formed shape. The conductors 954 can be stamped or

otherwise formed to produce a generally concave shape that widens toward the outside

diameter of the stator 988. The conductors 954 transition from a generally axial direction

near the inside diameter of the stator 988, to a radial direction at the outside diameter of the

stator 988.

[0153] In some embodiments, the sides of the conductors 954 produce an angle

that equals 360 degrees divided by the number of conductors 954. The conductors 954 have

apertures to form a precise shape and for fastening purposes. A mount hole 962, which in

some embodiments includes a countersink in the hole to allow for flush insertion of a flat

head screw, is used for fastening the conductors 954 to a stator mount 968. In some

embodiments, a copper flat head screw (not shown) is used to attach the conductors 954 to

the stator mount 968. The copper flat head screw is threaded into a terminal 960 which

routes the current to complete a circuit and/or connect a stator phase. At the perimeter of the

stator 988, a jumper hole 964 is formed into the conductors 954 for the attachment of jumpers

956 which carry current and connect two conductors 954 that are not adjacent. In some

embodiments, the jumper holes 964 are threaded, and a current carrying screw, such as a flat

head copper screw is inserted through a jumper and threaded into jumper hole 964. In some

embodiments, conductor tabs 966a,b are formed into corners of the conductors 954 that are at

the perimeter of the stator 988.

[0154] Referring now to Figure 35, the current path of the stator 988 is described.

The stator 988 is made up of three stator phases, A, B, and C, although fewer or more stator



phases can be used. Current direction is denoted by arrows pointing radially in or out on each

conductor 954. If current is flowing in toward the center of the stator 988, the stator phase

letter includes a negative sign, for example, A-, B-, C-. In each stator phase, A, B, and C,

current alternately reverses direction, switches off, and then switches on again. Current in

stator phase A flows north, then south, then off, then north, etc. In Figure 35, current in

stator phase A flows north, current in stator phase B flows south, and stator phase C is off.

Each jumper 956 carries current clockwise from a conductor 954 to a conductor 954 in the

same stator phase that is three conductors 954 away. In some embodiments, 24 conductors

954 are used although more or fewer conductors 954 can be employed. Each of the 24

conductors 954 takes up, or occupies 15 degrees of the 360 degree stator 988. In some

embodiments, 12 jumpers 956 are used, although this number varies with the number of

stator phases and conductors 954. There are 6 jumpers 956 attached to a first, visible, side of

the stator 988 and six jumpers attached to a second, back side (not visible) of the stator 988.

Letters outside the perimeter of the stator 988 denote the location of jumpers 956 on the

second, back side of the stator 988. In some embodiments, the jumpers 956 are made of

copper and strengthen the structure of the stator 988. The terminals 960 (seen in Figure 31)

complete the circuit of each coil and connect the stator phases.

[0155] Referring now to Figure 32, two clamp rings 958a,b, which in some

embodiments are non-conducting rings such as nylon, another plastic, or a composite, are

attached to the stator 988. In some embodiments the clamp rings 958a,b are connected to

each other with standard fasteners such as screws and nuts that are inserted through ring holes

986 in the clamp rings 958a,b, while in other embodiments the clamp rings 958a,b are

attached to a jumper 956 on the opposite side of the stator 988 with a non-conducting screw.

In still other embodiments, the clamp rings 958a,b are attached to the conductors 954 by

threading a non-conducting screw, such as a nylon screw, through ring holes 986 in the clamp

rings 958a,b and into a tapped hole in a conductor 954. The clamp rings 958a,b hold the

conductors 954 in position and strengthen the structure of the stator 988.

[0156] Because the conductors 954 are not wires, and because the stator 988 is

structural, it does not have to be impregnated with resin or other similar material as is

common in the art. This allows the magnets of the rotor 992 to be positioned closer together

to maximize the torque developed by the MG 950, and reduces the cost of manufacturing the

stator 988. Because the conductors 954 are generally thicker than wires, more current can be

carried by the conductors 954, which allows more torque to be produced by the MG 950.



Due to the elimination of wires in the MG 950, the cost of winding the coils is eliminated.

Tooling to create windings is expensive, and the tooling cost is eliminated.

[0157] Referring to Figures 31 and 32, the magnets 970, 972 of the MG 950 are

described. Two sets of magnets 970, 972 (the outside magnets 970 and the inside magnets

972) are positioned on first and second sides of the stator 988. In some embodiments the

inside magnets 972, the stator 988, and the outside magnets 970 have a cross sectional profile

that have concentric radii. The magnets 970, 972 are arrayed radially around the longitudinal

axis 11 and form a toroidal shape. The magnets 970, 972 are positioned so that the surface

facing the stator 988 is a uniform distance from the stator 988. This distance is as close as

possible but provides for manufacturing errors and tolerances to ensure that the magnets 970,

972 do not contact the stator 988. In some embodiments, there are eight outside magnets 970

and eight inside magnets 972, although more or fewer magnets may be used. In some

embodiments, the MG 950 is an eight pole brushless DC motor, although AC or DC motors

with any frequency and any number of poles can be used.

[0158] Attached to the inside magnets 972 using adhesive or any other

appropriate method, is a toroid-shaped magnetic inside steel. The inside steel 974 can also be

made from other magnetic material and is rigidly attached to the rotor 992 by an interference

fit, welding, standard fasteners, or other suitable method. The stator mount 968 and stator

988 in some embodiments are assembled outside of the transmission 600 and inserted as a

sub-assembly during assembly. Attached to the outside magnets 970 using adhesive or any

other appropriate method is a toroid-shaped magnetic outside steel 976. The outside steel

976 can also be made from other magnetic material and is inserted into the inside diameter of

the rotor 992 after the stator 988 has been assembled. In some embodiments the outside steel

976 is rigidly attached to the rotor 992 by inserting machine screws through case steel holes

in the rotor 992 and threading them into tapped outside holes 978 formed into perimeter of

the outside steel 976.

[0159] Referring now to Figures 36 and 37, an alternative convex stator 994 to

the stator 988 is described. The convex stator 994 is otherwise identical to the stator 988

except that the convex conductors 996 are formed into a convex shape, so that at a position

closest to the inside diameter of the convex stator 994, the convex conductors 996 curve

radially inward and at the perimeter of the convex stator 994, the convex conductors 996

curve in an axial direction. The magnets (not shown) are formed so that the surfaces facing

the convex stator 994 is a uniform distance from the convex stator 994.



[0160] Referring now to Figure 38, an alternative embodiment of the

transmission 800 is disclosed. For simplicity, only the differences between the transmission

1000 and the transmission 800 will be disclosed. In the transmission 1000 the magnets 680

attach to the inside diameter of the hybrid case 804. The input disc 34 rigidly attaches to the

rotating hybrid case 804, as does the hybrid pulley 806. The electric stator 1022 rigidly

attaches to an alternative boss 1020 on the alternative stator 1018. The alternative boss 1020

is a cylindrical protrusion located around and near the perimeter of the inside diameter of the

alternative stator 1018. The MG 1001 rotates in the same direction and relative to the input

disc 34. As the hybrid case 804 is rotated by an outside source, such as an internal

combustion engine, the cage 89 rotates in the same direction.

[0161] In some embodiments, the cage 89 rotates at a faster speed than the input

disc 34 and thus an IVT results. The speed differential between the rotation of the input disc

34 and the cage 89 can be set by designing the frequency, number of poles, and stator phases

of the MG 1001 to produce the desired speed differential. In some embodiments, the cage 89

is designed to rotate at three times the speed of the input disc 34. The transmission 1000 can

be driven by the MG 1001 only, the internal combustion engine only, or both simultaneously.

For applications involving some electric vehicles, only the MG 1001 is used at startup.

Because the input disc 34 is not rotating an IVT results. When only the cage 89 is rotating

and the input disc 34 is fixed the transmission 1000 can be shifted into forward or reverse

seamlessly. At some forward speed in the ratio of the transmission 1000 being driven by the

cage 89 only, the output speed of the transmission 1000 will equal the output speed if the

transmission 1000 is driven by the input disc 34 only, at the same gamma. Where the speed

ratios meet, the MG 1001 can be turned off, and the internal combustion engine can be turned

on. In this powerpath, a CVT results if the cage 89 is not rotating and the input disc 34 is

rotating. Since the electric stator 1022 is stationary, and the magnets 680 are rotating, the

MG 1001 becomes a generator, and in some embodiments is used to recharge batteries.

[0162] Increasing power through the transmission 1000 can be accomplished by

turning on both the MG 1001 and the internal combustion engine simultaneously. The MG

1001 can be turned on at any point along the ratio of the CVT when the CVT is in overdrive,

when only the input disc 34 is rotating and the cage 89 is not rotating. Operating both the

internal combustion engine and the MG 1001 simultaneously increases acceleration and

power through the transmission 1000. In some embodiments, a second set of magnets 680

(not shown) is attached to the idler shaft 602 to increase the power density of the electric

motor 1001. In some embodiments, the second set of magnets 680 attached to the idler shaft



602 have fewer poles than the magnets 680 attached to the hybrid case 804. In embodiments

that use two sets of magnets 680, a compound current is sent to the electric stator 1022.

[0163] Still referring to Figure 38, the paths of power through the transmission

1000 will be described. Power through the cage path 1010 is denoted by arrows which start

at the inside diameter of the electric stator 1022 and travel through the alternative stator 1018,

through the cage 89, and into the balls 1. Power from the magnet path 1012 begins at the

magnets 680, continues through the hybrid case 804, through the input disc 34, and into the

balls 1. Power from an outside source, such as an internal combustion engine, begins at the

hybrid pulley 806 path 1014, continues through the hybrid case 804, through the input disc

34, and into the balls 1. Output power flows from the balls 1, through the output disc 101,

and via a powerpath 1016 to an external driven component, such as a drive shaft or wheel.

[0164] The transmission 600 when combined with an MG 601 allows for many

powerpath designs. The following charts list four-hundred-and-ten powerpaths. The paths

are numbered from 1 to 410. The components of the transmission 600 that can transfer

power are the cage 89, the input disc 34, the output disc 101, the idler 18, and the balls 1.

The cage 34 and the idler 18 can be both inputs and outputs simultaneously because they can

be designed to extend from the input side of the transmission 600 through the output side. In

a powerpath where either the cage 89 or the idler 18 is both an input and an output it is

designated with the term "In/Out." The balls 1 can only be an intermediate torque

transferring component or serve as an input, such as in the case where the balls 1 are magnets

and are part of the MG 900. If the power transferring component is an input (that is, it

receives power entering the transmission 600), it is designated with the term "In," and if it

transfers power out of the transmission it is designated with the term "Out." If the power

transferring component does not transfer power and is free to rotate it is designated with the

term "Free," and if it is fixed it is designated with the term "Fix."



Following are the powerpaths when the cage 89 is fixed.



Following are the powerpaths when the input disc 34 is fixed.

[0165] Following are the powerpaths when the output disc 101 is fixed.

Path 89 34 101 18 Path 89 34 101 18



[0166] Following are the powerpaths when the idler 18 is fixed.





Following are the powerpaths when no power transferring components are fixed.

[0167] Following are the powerpaths with no components fixed and an input is

through the balls 1.







WHAT IS CLAIMED IS:

1. A variable speed transmission, comprising:

a longitudinal axis;

a plurality of balls distributed radially about the longitudinal axis, each ball

having a tiltable axis about which it rotates;

an input disc in contact with the balls;

a rotatable idler coaxial about the longitudinal axis and positioned radially

inward of and in contact with each of the balls; and

an electromotive device comprising an electric stator and an electric rotor,

wherein the electric stator and the electric rotor are configured to rotate in opposite

directions on axes coincident with the longitudinal axis.

2. The variable speed transmission of Claim 1, further comprising a plurality of

permanent magnets attached to the input disc.

3. The variable speed transmission of Claim 2, wherein the input disc is made

from a magnetic material.

4. A variable speed transmission, comprising:

a longitudinal axis;

a plurality of balls distributed radially about the longitudinal axis, each ball

having a tiltable axis about which it rotates;

an input disc in contact with each of the balls;

an idler rotatable about the longitudinal axis and positioned radially inward of

and in contact with each of the balls;

a transfer shaft rotatable about the longitudinal axis, wherein the transfer shaft

is rigidly attached to the idler, is capable of axial movement, and transfers power; and

an electric stator attached to the shaft.

5. The variable speed transmission of Claim 4, further comprising a cage

rotatable about the longitudinal axis, the cage configured to position the balls radially and

axially.

6. The variable speed transmission of Claim 5, further comprising an electric

rotor, the electric rotor attached to the input disc or to the cage.

7. The variable speed transmission of Claim 6, wherein the electric rotor is

attached to the cage and transfers power to the cage, the electric stator transfers power to the

idler, and the input disc is configured to accept power from an outside source.

8. A variable speed transmission, comprising:



a longitudinal axis;

a plurality of balls distributed radially about the longitudinal axis, each ball

having a tiltable axis about which it rotates;

an input disc in contact with each of the balls;

an idler rotatable about the longitudinal axis and positioned radially inward of

and in contact with each of the balls, the idler capable of transferring power;

an output disc in contact with each of the balls; and

an electricity producing generator comprising:

a non-rotating electrical stator coupled to a nonrotating component of

the transmission; and

a rotating electrical rotor coupled to a rotating component of the

transmission.

9. The transmission of Claim 8, further comprising a non-rotating cage, the cage

configured to position the balls radially and axially.

10. The transmission of Claim 9, wherein the non-rotating electrical stator is

rigidly attached to the non-rotating cage.

11. The transmission of Claim 10, further comprising a hub shell rotatable about

the longitudinal axis.

12. The transmission of Claim 11, wherein the electrical rotor is rigidly attached

to the rotatable hub shell.

13. The transmission of Claim 12, further comprising a non-rotating shaft with an

axis coincident with the longitudinal axis, wherein the stator wires are routed outside of the

transmission through the non-rotating shaft.

14. A variable speed transmission, comprising:

a longitudinal axis;

a plurality of balls distributed radially about the longitudinal axis, each ball

having a tiltable axis about which it rotates;

an input disc in contact with each of the balls;

an output disc in contact with each of the balls;

an idler rotatable about the longitudinal axis and positioned radially inward of

and in contact with each of the balls;

a rotating electrical stator coupled to a component of the transmission; and

a rotating electrical rotor coupled to a component of the transmission.



15. The transmission of Claim 14, wherein the rotating electrical stator is operably

attached to the idler and receives power from the idler.

16. The transmission of Claim 15, wherein the rotating electrical rotor is attached

to the output disc and receives power from the output disc.

17. The transmission of Claim 21, wherein the electrical stator and the rotor rotate

in opposite directions relative to one another.

18. The transmission of Claim 17, wherein the speed differential between the

electrical stator and the rotor creates a speed increase relative to the transmission input speed

in all ratios.

19. A variable speed transmission, comprising:

a longitudinal axis;

a plurality of balls distributed radially about the longitudinal axis, each ball

having a tiltable axis about which it rotates;

an input disc in contact with each of the balls;

an output disc in contact with each of the balls;

an idler rotatable about the longitudinal axis and positioned radially inward of

and in contact with each of the balls; and

an electrical stator rotatable about the longitudinal axis and configured to

receive electricity.

20. The transmission of Claim 19, wherein the electrical stator is operably

attached to the idler and transfers power to the idler.

21. The transmission of Claim 20, further comprising an electrical rotor rotatable

about the longitudinal axis.

22. The transmission of Claim 21, wherein the electrical rotor is attached to the

input disc and configured to transfer power to the input disc.

23. The transmission of Claim 22, wherein the electrical stator and the electrical

rotor rotate in opposite directions relative to one another, and are configured to create an

electromotive device.

24. The transmission of Claim 23, wherein the speed differential between the

electrical stator and the electrical rotor creates a speed reduction through the transmission so

that the output disc rotates more slowly in all ratios than the speed differential between the

electrical stator and the electrical rotor.

25. The transmission of Claim 21, further comprising a cage rotatable about the

longitudinal axis, the cage positioning the balls axially and radially.



26. The transmission of Claim 25, wherein the electrical rotor is attached to the

cage.

27. The transmission of Claim 26, wherein the electrical stator and the electrical

rotor rotate in the same direction.

28. The transmission of Claim 27, wherein power exits through the output disc at

a speed higher than the idler speed in all ratios.

29. The transmission of Claim 27, wherein the input disc is adapted to receive

torque from an external source.

30. The transmission of Claim 29, wherein the balls receive power from the input

disc, the idler, and the cage to produce an infinitely variable transmission.

31. The transmission of Claim 30, where power exits through the output disc.

32. The transmission of Claim 23, wherein the input disc increases speed when the

output disc decreases speed.

33. An electromotive drive comprising:

a plurality of speed adjusters arranged angularly about an axis;

a first disc in contact with the speed adjusters;

a second disc in contact with the speed adjusters, wherein the first and second

discs are positioned relative to one another on opposite sides of the plurality of speed

adjusters;

an idler in contact with the speed adjusters, the idler positioned radially inward

of the speed adjusters;

a plurality of magnets coupled to a first component of the electromotive drive;

a plurality of electrical conductors coupled to a second component of the

electromotive drive;

wherein the plurality of magnets and the plurality of electrical conductors are

configured relative to one another to function as an electrical motor or as an electrical

generator; and

wherein the plurality of speed adjusters, the first and second discs, the

plurality of magnets, and the plurality of conductors are operably coupled to provide

at least one powerpath through the electromotive drive.

34. The electromotive drive of Claim 33, wherein the plurality of magnets is

coupled to the first disc.

35. The electromotive drive of Claim 34, wherein the electrical conductors are

mechanically coupled to the idler.



36. The electromotive drive of Claim 35, further comprising an idler shaft

configured to couple mechanically the electrical conductors to the idler.

37. The electromotive drive of Claim 33, wherein the plurality of magnets

comprises electromagnets.

38. The electromotive drive of Claim 33, further comprising a cage, and wherein

the plurality of magnets is coupled to the cage.

39. The electromotive drive of Claim 38, further comprising an idler shaft, and

wherein the plurality of conductors is mechanically coupled to the idler shaft.

40. The electromotive drive of Claim 33, wherein the speed adjusters comprise

spherical adjusters.

4 1. An electromotive device comprising:

a plurality of balls arranged angularly about an axis;

a first disc in contact with the balls;

a second disc in contact with the balls, wherein the first and second discs are

positioned relative to one another on opposite sides of the plurality of balls;

an idler in contact with the balls, the idler positioned radially inward of the

balls;

an electrical stator configured to rotate about said axis, wherein the electrical

stator is directly coupled to one of the first disc, second disc, or idler;

an electrical rotor configured to rotate about said axis, wherein the electrical

stator is directly coupled to one of the first disc, second disc, or idler;

wherein the electrical stator and the electrical rotor are configured relative to

one another to together function as an electrical motor or as an electrical generator.

42. The electromotive device of Claim 41, wherein the electrical stator and the

electrical rotor are configured to together function alternatively as an electrical motor or an

electrical generator.

43. The electromotive device of Claim 41, wherein the electrical rotor comprises a

plurality of magnets.

44. The electromotive device of Claim 43, wherein the electrical stator comprises

a plurality of electrical conductors.

45. The electromotive device of Claim 44, wherein the electrical rotor is

configured to rotate about said axis in a direction that is opposite to a direction of rotation of

the electrical stator.



46. The electromotive device of Claim 41, wherein the electrical rotor is coupled

to the first disc and the electrical stator is coupled to the idler.

47. The electromotive device of Claim 46, further comprising an idler shaft, and

wherein the idler shaft couples the electrical stator to the idler.

48. The electromotive device of Claim 4 1, further comprising a cage.

49. The electromotive device of Claim 48, wherein the electrical rotor is coupled

to the first disc and the electrical stator is coupled to the cage.

50. The electromotive device of Claim 48, wherein the electrical rotor is coupled

to the cage and the electrical stator is coupled to the idler.

51. The electromotive device of Claim 47, wherein the coupling of the electrical

stator and the coupling of the electrical rotor to a corresponding one of the idler, the first disc,

the second disc, the cage, or the balls provides at least one of the 410 configurations or

powerpaths tabulated in this disclosure.

52. An electromotive transmission comprising:

a plurality of balls configured angularly about an axis;

a first disc in contact with the balls;

a plurality of magnets attached to the first disc;

an idler in contact with the balls and positioned radially inward of the balls;

an idler shaft coupled rigidly to the idler, wherein the idler shaft and the idler

are configured to rotate and translate axially with each other;

a plurality of electrical conductors configured as windings or coils; and

a stator mount coupled to the electrical conductors and configured to transfer

torque to the idler shaft.

53. The electromotive transmission of Claim 52, wherein the plurality of magnets

comprises a plurality of electromagnets.

54. The electromotive device of Claim 52, wherein the idler shaft comprises a first

plurality of grooves configured to receive a plurality of groove bearings that facilitate axial

translation of the idler shaft.

55. The electromotive device of Claim 54, wherein the stator mount comprises a

second plurality of grooves configured to receive the groove bearings, whereby the stator

mount is capable of transferring torque to or from the idler shaft.

56. An idler shaft and stator mount assembly for an electromotive device, the idler

shaft and stator mount assembly comprising:

an idler shaft comprising:



a first bore adapted to receive at least one electrical conductor;

a second bore adapted to house an electrical receptacle that couples to the

electrical conductor;

at least one slot, in communication with the first bore, that allows passage of

the electrical conductor to an external side of the idler shaft; and

a first plurality of axial grooves adapted to receive a plurality of bearings; and

a stator mount comprising:

a bore having a plurality of grooves adapted to receive the plurality of

bearings, whereby the stator mount is capable of transferring torque to or from the

idler shaft; and

wherein the stator mount is configured to support a plurality of electrical

conductors.

57. The idler shaft and stator mount assembly of Claim 57, wherein the idler

assembly is adapted to rigidly couple to an idler of the electromotive device.

58. The idler shaft and stator mount assembly of Claim 56, further comprising an

electrical receptacle that couples to the electrical conductor.

59. The idler shaft and stator mount assembly of Claim 58, further comprising a

rotating conductor that couples to said electrical receptacle.

60. A hub shell for an electromotive transmission, the hub shell comprising:

an inner diameter;

an outer diameter; and

a plurality of magnets coupled annularly to the inner diameter of the hub shell.

61. The hub shell of Claim 60, further comprising a disc internal to the hub shell,

said disc adapted to contact a plurality of speed adjusters of the electromotive transmission.

62. The hub shell of Claim 61, wherein the plurality of magnets and the hub shell

are formed as one integral part.

63. A shifter for a transmission, the shifter comprising:

a shift screw coupled to a stationary component of the transmission;

a shift nut;

a shift ring coupled to the shift nut;

a shift pin mount positioned between the shift nut and the shift ring;

a plurality of shift pins supported in the shift pin mount;

wherein the shift screw comprises at least one slot for receiving the shift pins;

and



wherein the shift nut is configured to translate axially on the shift screw and

thereby actuate an axial shift of the shift pin mount and the shift pins.

64. The shifter of Claim 63, further comprising at least one pin bearing that reacts

the axial movement of the shift pins.

65. The shifter of Claim 64, further comprising an idler shaft configured to be

actuated by the axial movement of the at least one pin bearing.

66. An electromotive drive comprising:

a plurality of speed adjusters arranged angularly about an axis;

a first disc in contact with the speed adjusters;

a second disc in contact with the speed adjusters;

an idler in contact with the speed adjusters and positioned radially inward of

the speed adjusters;

an idler shaft rigidly coupled to the idler;

a rotatable cage configured to support radially and axially the speed adjusters;

a plurality of magnets rotationally coupled to the cage; and

a plurality of electrical conductors coupled to the idler shaft.

67. The electromotive drive of Claim 66, further comprising a case having means

for transferring torque into or out of the electromotive drive.

68. The electromotive drive of Claim 67, wherein the means for transferring

torque comprises a pulley, a sprocket, or a gear.

69. The electromotive drive of Claim 67, wherein the means for transferring

torque is formed integral with the case.

70. The electromotive drive of Claim 66, further comprising a stator mount that

supports the electrical conductors.

71. The electromotive drive of Claim 70, wherein the stator mount is configured

to transfer torque from or to the idler shaft.

72. The electromotive drive of Claim 70, further comprising a shifter that actuates

an axial movement of the idler shaft.

73. The electromotive drive of Claim 67, wherein the first disc and the case are

one integral piece.

74. The electromotive drive of Claim 67, further comprising an engine coupled to

the case.

75. A stator plate for an electromotive device having a plurality of speed adjusters,

the stator plate comprising:



a plurality of concave surfaces configured to support the plurality of speed

adjusters radially and axially;

a plurality of slots configured to support the plurality of speed adjusters

angularly; and

a boss adapted to support a plurality of magnets.

76. The stator plate of Claim 75, wherein the boss is integrally formed with the

stator plate.

77. The stator plate of Claim 75, wherein the plurality of magnets is formed

integral with the boss.

78. An electromotive device comprising:

a plurality of power adjusters arranged angularly about an axis;

a cage adapted to support the power adjusters radially and axially;

a plurality of electrical coils coupled to the cage;

a rotatable hub shell; and

a plurality of magnets coupled to the rotatable hub shell.

79. The electromotive device of Claim 78, further comprising first and second disc

in contact with the plurality of speed adjusters.

80. The electromotive device of Claim 79, further comprising an idler in contact

with the speed adjusters and positioned radially inward of the power adjusters.

81. The electromotive device of Claim 78, wherein the cage is nonrotable.

82. The electromotive device of Claim 78, wherein the plurality of electrical coils

and the plurality of magnets are configured substantially as shown in Figure 26.

83. The electromotive device of Claim 78, wherein the plurality of electrical coils

and the plurality of magnets are configured on planes that are substantially perpendicular to

said axis.

84. The electromotive device of Claim 78, wherein the cage comprises a slotted

stator having a wire route.

85. The electromotive device of Claim 78, further comprising a hollow axle

having an axle wire slot.

86. An axle for an electromotive device as substantially described with reference

to Figure 28.

87. An electromotive drive comprising:

a plurality of magnetized power adjusters arranged angularly about an axis;

and



a plurality of coils positioned between the power adjusters.

88. The electromotive drive of Claim 87, wherein the plurality of coils comprises

a plurality of perimeter coils positioned generally radially outward of the plurality of power

adjusters;

89. The electromotive device of Claim 88, wherein the plurality of coils comprises

a plurality of inside coils positioned generally radially inward of the plurality of power

adjusters.

90. The electromotive device of Claim 89, further comprising an idler in contact

with the power adjusters and positioned radially inward of the power adjusters.

91. The electromotive device of Claim 90, wherein the power adjusters comprise

spherical adjusters.

92. The electromotive device of Claim 87, wherein the power adjusters and coils

are generally arranged as shown and described with reference to Figure 29.

93. A magnetized power adjuster as generally shown and described with reference

to Figure 30.

94. An electromotive transmission comprising:

a plurality of generally toroidal electrical conductors arranged angularly about

an axis;

a plurality of generally toroidal magnets arranged angularly about said axis;

a first disc coupled to the magnets;

a plurality of power adjusters arranged angularly about said axis and in contact

with the first disc;

a stator mount configured to support the electrical conductors; and

an idler shaft configured to transfer torque to or from the stator mount.

95. The electromotive transmission of Claim 94, further comprising a second disc

in contact with the plurality of power adjusters.

96. The electromotive transmission of Claim 95, wherein the plurality of electrical

conductors is positioned between a first set of the plurality of magnets and a second set of the

plurality of magnets.

97. The electromotive transmission of Claim 96, wherein a first steel toroid is

placed adjacent to the first set of magnets and a second steel toroid is placed adjacent to the

second set of magnets.

98. An electrical assembly for an electromotive transmission, the electrical

assembly comprising:



a first set of generally toroidal magnets arranged angularly about an axis;

a plurality of generally toroidal electrical conductors arranged angularly about

said axis;

a second set of generally toroidal magnets arranged angularly about said axis;

and

wherein the electrical conductors are positioned between the first and second

set of magnets.

99. The electrical assembly of Claim 98, further comprising a first steel toroid

positioned adjacent to the first set of magnets.

100. The electrical assembly of Claim 99, further comprising a second steel toroid

positioned adjacent to the second set of magnets.

101. A device for conducting electricity as generally shown and described with

reference to Figures 33, 34 and 35.

102. A device for conducting electricity as generally shown and described with

reference to Figures 36 and 37.

103. An electromechanical transmission comprising:

a plurality of speed adjusters arranged angularly about an axis;

an idler in contact with the plurality of speed adjusters and positioned radially

inward of the speed adjusters;

a first disc in contact with the speed adjusters;

a plurality of magnets coupled to the first disc;

means for transferring torque to the first disc from an external source;

a rotatable cage configured to support the speed adjusters radially and axially;

and

a plurality of electrical conductors coupled to the rotatable cage.

104. The electromechanical transmission of Claim 103, wherein the plurality of

speed adjusters comprises a plurality of spherical adjusters.

105. The electromechanical transmission of Claim 103, wherein the plurality of

magnets comprises a plurality of electromagnets.

106. The electromechanical transmission of Claim 103, wherein the plurality of

magnets and the plurality of electrical conductors are arranged to produce electricity or

mechanical torque.

107. The electromechanical transmission of Claim 106, further comprising an idler

shaft rigidly coupled to the idler.



108. The electromechanical transmission of Claim 107, wherein the idler shaft is

configured to translate axially.

109. The electromechanical transmission of Claim 108, wherein an axial translation

of the idler shaft causes a tilt of the speed adjusters relative to said axis.

110. The electromechanical transmission of Claim 109, further comprising a second

disc in contact with the speed adjusters, wherein the first and second discs are positioned

relative to one another on opposite sides of the speed adjusters.

111. The electromechanical transmission of Claim 103, wherein the means for

transferring torque comprises a pulley, a gear, or a sprocket.

112. The electromechanical transmission of Claim 103, further comprising a second

disc in contact with the speed adjusters, wherein the first and second discs are positioned

relative to one another on opposite sides of the speed adjusters.

113. The electromechanical transmission of Claim 112, wherein power is delivered

to the second disc via the speed adjusters, the first disc and the torque transfer means.

114. The electromechanical transmission of Claim 113, wherein power is delivered

to the second disc via the speed adjusters, the first disc, and the plurality magnets.

115. The electromechanical transmission of Claim 114, wherein power is delivered

to the second disc via the speed adjusters, the rotatable cage, and the plurality of electrical

conductors.

116. The electromechanical transmission of Claim 103, wherein the plurality of

magnets comprises an electrical rotor.

117. The electromechanical transmission of Claim 116, wherein the plurality of

electrical conductors comprises an electrical stator. j

118. The electromechanical transmission of Claim 117, wherein the electrical rotor

is configured to deliver torque to the first disc, and wherein the electrical stator is configured

to deliver torque to the cage.

119. The electromechanical transmission of Claim 117, wherein the electrical rotor

is configured to receive torque from the first disc, and wherein the electrical stator is

configured to receive torque from the cage.

120. The electromechanical transmission of Claim 107, further comprising a

plurality of magnets coupled to the idler shaft.

121. An electromotive drive as substantially shown and described with reference to

Figure 38.



122. A method of transmitting power in an electromechanical device, the method

comprising:

mounting an electrical stator on a rotatable shaft;

mounting an electrical rotor on a first rotatable disc;

coupling an idler to the shaft;

providing electrical power to the electrical stator;

transmitting torque generated by the interaction between the stator and the

rotor, wherein the torque is transmitted from the stator to the shaft, wherein torque is

transmitted from the rotor to the first rotatable disc; and

transmitting torque to a second rotatable disc via a plurality of speed adjusters

coupled to the first and second discs and the idler.

123. The method of Claim 122, further comprising tilting an axis of rotation of the

speed adjusters.

124. The method of Claim 123, wherein tilting an axis of rotation of the speed

adjusters comprises axially translating the shaft.

125. A method of transmitting power in an electromechanical device, the method

comprising:

mounting an electrical stator on a rotatable shaft;

mounting an electrical rotor on a first rotatable disc;

transmitting torque from the shaft to the stator; and

transmitting torque from the first rotatable disc to the rotor.

126. The method of Claim 125, further comprising transmitting torque to the first

rotatable disc from a second rotatable disc via a plurality of speed adjusters coupled to the

first and second discs.

127. The method of Claim 126, further comprising tilting an axis of rotation of the

speed adjusters.

128. The method of Claim 127, wherein tilting an axis of rotation of the speed

adjusters comprises axially translating the rotatable shaft.

129. A method of transmitting electromechanical power, the method comprising:

providing rotatable shaft;

coupling the rotatable shaft to an electrical stator;

providing a rotatable cage, wherein the cage is adapted to radially and axially

support a plurality of speed adjusters; and

coupling the rotatable cage to an electrical rotor.



130. The method of Claim 129, wherein coupling the rotatable shaft to the

electrical stator comprises providing a stator mount with axial grooves adapted to receive a

plurality of bearings, and wherein the rotatable shaft is provided with corresponding axial

grooves.

131. The method of Claim 129, further comprising coupling the rotatable shaft to

an idler.

132. The method of Claim 131, wherein the speed adjusters are positioned

angularly about an axis coincident with the longitudinal axis of the rotatable shaft, and

wherein the idler is positioned radially inward of the speed adjusters.

133. The method of Claim 132, further comprising providing first and second discs

in contact with the speed adjusters, wherein torque can be transferred from the first disc to the

second disc via the speed adjusters.

134. The method of Claim 133, further comprising providing a means for

transferring torque from an external source to the first disc.

135. A method of providing a transmission with electrical functionality, the method

comprising:

providing plurality of magnetized speed adjusters, the speed adjusters

positioned angularly about an axis; and

providing a plurality of electrical conductors positioned between individual

speed adjusters.

136. The method of Claim 135, wherein the speed adjusters comprise spherical

speed adjusters.

137. The method of Claim 135, wherein the plurality of electrical conductors

comprises a plurality of peripheral conductors positioned at least partly radially outward of

the speed adjusters.

138. The method of Claim 137, wherein the plurality of electrical conductors

comprises a plurality of inside conductors positioned at least partly radially inward of the

speed adjusters.

139. A method of electromechanical power transmission, the method comprising:

providing a plurality of speed adjusters positioned angularly about an axis;

providing cage adapted to support axially and radially the speed adjusters;

providing a first disc in contact with the speed adjusters;

providing a second disc in contact with the speed adjusters;



providing an idler in contact with the speed adjusters and positioned radially

inward of the speed adjusters;

providing an idler shaft coupled to the idler;

coupling a plurality of electrical conductors to the cage, speed adjusters, first

disc, second disc, idler, or idler shaft; and

coupling a plurality of magnets to the cage, speed adjusters, first disc, second

disc, idler, or idler shaft.

140. The method of Claim 139, wherein the electrical conductors are coupled to the

cage.

141. The method of Claim 140, wherein the magnets are coupled to the first disc.

142. The method of Claim 141, wherein providing the first disc comprises

providing a disc coupled to a torque transfer means for receiving torque from an external

source.

143. The method of Claim 139, wherein the magnets are coupled to the first disc

and the electrical conductors are coupled to the cage.

144. The method of Claim 139, wherein providing a cage comprises providing a

rotatable cage.

145. The method of Claim 139, further comprising actuating a transmission ratio by

axially translating the idler shaft.

146. The method of Claim 139, wherein providing a first disc comprises providing

a transmission case having an integral disc formed therein.

147. A method of power transmission, the method comprising:

providing continuously variable transmission (CVT);

coupling an electrical stator to a first rotatable component of the CVT; and

coupling an electrical rotor to a second rotatable component of the CVT.

148. The method of Claim 147, wherein providing a CVT comprises providing a

CVT having a plurality of tiltable speed adjusters that are arranged angularly about an axis.

149. The method of Claim 147, further comprising configuring the electrical stator

and the electrical rotor to rotate in opposite directions relative to one another.

150. An electromechanical device comprising:

a transmission;

an electrical rotor coupled to rotate with a first rotatable component of the

transmission; and



an electrical stator coupled to rotate with a second rotatable component of the

transmission.

151. The electromechanical device of Claim 150, wherein the transmission

comprises a continuously variable transmission.

152. The electromechanical device of Claim 150, wherein the transmission

comprises an infinitely variable transmission.

153. The electromechanical device of Claim 150, wherein the transmission

comprises a plurality of spherical speed adjusters in contact with a disc, and wherein the

electrical rotor is coupled to the disc.

154. The electromechanical device of Claim 153, wherein the transmission

comprises a shaft, and wherein the electrical stator is coupled to the shaft.

155. The electromechanical device of Claim 150, wherein the electrical stator and

the electrical rotor are configured to rotate simultaneously in opposite directions relative to

one another.

156. The electromechanical device of Claim 150, wherein the electrical rotor

comprises a magnetic cylinder.

157. The electromechanical device of Claim 150, wherein the electrical stator

comprises a plurality of coils wrapped around laminations that are rigidly attached to a stator

mount.
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