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INFINITE VARIABLE TRANSMISSION WITH PLANETARY GEAR SET

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] The present application claims the benefit of US Provisional Patent Application Serial

No. 61/905,732, filed November 18, 2013, US Provisional Patent Application Serial No.

62/004,756, filed May 29, 2014, and US Provisional Patent Application Serial No. 62/004,767,

filed May 29, 2014 which applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Automatic and manual transmissions are commonly used on automobile vehicles. Those

transmissions are becoming more and more complicated since the engine speed has to be more

precisely controlled to limit the fuel consumption and the emissions of cars. This finer control of

the engine speed in usual transmissions can only be done by adding more discrete step ratio gears

and increasing the overall complexity and cost. Consequently, 6- speed manual transmissions

then become more frequently used as are 8 or 9 speed automatic transmissions.

SUMMARY OF THE INVENTION

[0003] Provided herein is a variable transmission comprising: an input shaft, a first planetary

gear set comprising a first carrier drivingly engaged to the input shaft, a first sun gear drivingly

engaged to a first set of planet gears which are engaged to a first ring gear, wherein the first ring

gear is fixed to a first casing of the first planetary gear set, and wherein a first ring assembly of a

variator is drivingly engaged to the first sun of the first planetary gear set; the variator comprising

the first ring assembly and a second ring assembly that is drivingly engaged to a second sun gear

of a second planetary gear set; and the second planetary gear set comprising the second sun that

is drivingly engaged to a second set of planet gears, and a second carrier coupled to the input

shaft, wherein the second set of planet gears is drivingly engaged to a second ring gear of the

second planetary gear set, and wherein said second ring gear is mechanically coupled to a

differential.

[0004] In some embodiments, the variable transmission comprises an infinitely variable mode.

[0005] In some embodiments of the variable transmission, the first planetary is an up-speed

planetary gear set. In some embodiments of the first planetary gear set, the output of speed of

said first planetary gear set is greater than the input shaft speed.

[0006] In some embodiments of the variable transmission, the second planetary gear set is a

coupling planetary gear set, wherein the output of the variator is coupled to the sun of the second

planetary gear set and the input shaft through the carrier of the second planetary gear set.



[0007] In some embodiments of the variable transmission, part of the power will pass through

the variator, the secondary planetary sun, planet gears and ring gear, and part of the power will

pass directly through the secondary planetary carrier, planet gears and ring gear.

[0008] In some embodiments of the variable transmission the carrier of the second planetary gear

set turns at the same speed as the input shaft.

[0009] In some embodiments of the variable transmission the sun gear of the second planetary

gear set is coupled to the output of the second ring assembly of the variator and is turning at a

speed range between the input shaft speed times the minimum ratio of the variator, times the up-

speed ratio of the first planetary gear set and the input shaft speed, times the maximum speed

ratio of the variator times the up-speed ratio of the first planetary gear set.

[0010] In some embodiments of the variable transmission, the power output going to the

differential from the ring of the second planetary can go from forward speeds to reverse speeds

through standstill thereby providing an infinitely variable mode.

[0011] Provided herein is a variable transmission comprising: an input shaft, a first gear set

comprising a first gear drivingly engaged to the input shaft, a countershaft, a second gear, and a

third gear, wherein the first gear is drivingly engaged to the second gear, wherein the second gear

is drivingly engaged to the third gear through the countershaft and the third gear is drivingly

engaged to a fourth gear; a variator comprising a first ring assembly which is drivingly engaged

to the fourth gear, and a second ring assembly that is drivingly engaged to a sun gear of a

planetary gear set; and the planetary gear set comprising the sun gear, a ring gear, a set of planet

gears drivingly engaged to the sun, and a carrier coupled to the set of planet gears and to the

input shaft, wherein the set of planet gears are drivingly engaged to the ring gear, and wherein

the ring gear is mechanically coupled to a differential.

[0012] In some embodiments of the variable transmission, the transmission comprises an

infinitely variable mode.

[0013] In some embodiments of the variable transmission, the first gear set is an up-speed gear

set. In some embodiments of the variable transmission the output of speed of said gear set is

greater than the input shaft speed.

[0014] In some embodiments of the variable transmission, the planetary gear set is a coupling

planetary gear set, wherein the output of the variator is coupled to the sun of the planetary gear

set and the input shaft to the carrier of the planetary gear set.

[0015] In some embodiments of the variable transmission, part of the power will pass through

the variator, the planetary sun, planet gears and ring gear, and part of the power will pass directly

through the planetary carrier, planet gears and ring gear.



[0016] In some embodiments of the variable transmission, the carrier of the planetary gear set

turns at the same speed as the input shaft.

[0017] In some embodiments of the variable transmission, the carrier turns within a speed range

between a speed of the input shaft, multiplied by an up-speed ratio of the planetary gear set and

the speed of the input shaft multiplied by the up-speed ratio of the planetary gear set.

[0018] In some embodiments of the variable transmission, the sun gear of the planetary gear set

is coupled to the output of the second ring assembly of the variator and is turning at a speed

range between the input shaft speed times the minimum ratio of the variator, times the up-speed

ratio of the gear set, and the input shaft speed, times the maximum speed ratio of the variator

times the up-speed ratio of the gear set.

[0019] In some embodiments of the variable transmission, the power output going to the

differential from the ring of the planetary can go from forward speeds to reverse speeds through

standstill thereby providing an infinitely variable mode.

[0020] In some embodiments of the variable transmission, the variator is connected to the sun of

the planetary directly on one side and to the input shaft through an up-speed ratio gear set on the

other side.

[0021] In some embodiments, the variable transmission of either configuration previously

described, the up-speed ratio increases the speeds acting on the variator.

[0022] In some embodiments, the variable transmission of either configuration previously

described, the up-speed ratio decreases the torque acting on the variator.

[0023] In some embodiments, the variable transmission of either configuration previously

described, a minimum speed ratio in the variator brings the ring speed of the planetary gear set on

the output side of the variator to its maximum forward speed while the maximum speed ratio in

the variator brings the ring speed of the planetary gear set on the output side of the variator to its

maximum reverse speed.

[0024] In some embodiments of the variable transmission of either configuration previously

described, the transmission further comprises a torsional damper which is drivingly connected to

an input power source, wherein said torsional damper is located between the input power source

and the variator to avoid transferring torque peaks and vibrations. In still further embodiments,

said torsional damper is coupled with a clutch.

[0025] Provided herein is a variable transmission comprising: an input shaft, a first gear set

comprising a first gear, second gear, and a countershaft, wherein the first gear is drivingly

engaged to the input shaft, wherein the first gear is drivingly engaged to the second gear, and

wherein the second gear is drivingly engaged to the countershaft; a variator comprising a first



ring assembly drivingly engaged to the countershaft, a second ring assembly drivingly engaged to

a third gear of a second gear set, wherein said variator is disposed on said countershaft; the

second gear set comprising the third gear drivingly engaged to a fourth gear on an output shaft

that is drivingly engaged to a sun of a planetary gear set; and the planetary gear set comprising a

carrier, the sun gear, a set of planet gears, and a ring gear, wherein the sun gear is drivingly

engaged to the set of planet gears, wherein the carrier is coupled to the input shaft, wherein the

set of planet gears are drivingly engaged to the ring gear, and wherein the ring gear is

mechanically coupled to a differential.

[0026] In some embodiments of the variable transmission, the transmission comprises an

infinitely variable mode.

[0027] In some embodiments of the variable transmission, the first gear set is an up-speed gear

set. In some embodiments of the variable transmission, the output speed of said first gear set is

greater than the input shaft speed.

[0028] In some embodiments of the variable transmission, the planetary gear set is a coupling

planetary gear set, wherein the output shaft is coupled to the sun and the input shaft through the

carrier of the planetary gear set.

[0029] In some embodiments of the variable transmission, part of the power will pass through

the variator, the planetary sun, planet gears and ring gear, and part of the power will pass directly

through the planetary carrier, planet gears and ring gear.

[0030] In some embodiments of the variable transmission, the carrier of the planetary gear set

turns at the same speed as the input shaft.

[0031] In some embodiments of the variable transmission, the sun gear of the planetary gear set

is coupled to the output shaft and is turning at a speed range between the input shaft speed times

the minimum ratio of the variator, times ratios of the first gear set and the second gear set and the

input shaft speed, times the maximum speed ratio of the variator times ratios of the first gear set

and the second gear set.

[0032] In some embodiments of the variable transmission, the power output going to the

differential from the ring of the planetary can go from forward speeds to reverse speeds through

standstill thereby providing an infinitely variable mode.

[0033] In some embodiments of the variable transmission, the variator is connected to the sun of

the planetary through a speed ratio on one side and to the input shaft through a speed ratio on the

other side of the variator.



[0034] In some embodiments of the variable transmission, the first gear set ratio causes the

variator to turn the opposite direction of the input shaft, wherein the second gear set ratio causes

the output of the variator to turn in the same direction as the input shaft.

[0035] In some embodiments of the variable transmission, the up-speed ratio of the first gear set

increases the speeds acting on the variator.

[0036] In some embodiments of the variable transmission, the up-speed ratio of the first gear set

decreases the torque acting on the variator.

[0037] In some embodiments of the variable transmission, a minimum speed ratio in the variator

brings the ring speed of the planetary gear set on the output side of the variator to its maximum

forward speed while the maximum speed ratio in the variator brings the ring speed of the

planetary gear set on the output side of the variator to its maximum reverse speed.

[0038] In some embodiments, the variable transmission further comprises a torsional damper

drivingly connected to an input power source, wherein said torsional damper is located between

the input power source and the variator to avoid transferring torque peaks and vibrations. In still

other embodiments, said torsional damper is coupled with a clutch.

[0039] Provided herein is a variable transmission comprising: an input shaft comprising a first

gear and a second gear; said first gear is drivingly engaged to a first gear set on a second shaft; a

first ring assembly of a variator is drivingly engaged to said first gear set comprising a third gear;

said variator comprising a first ring assembly and a second ring assembly, wherein said variator

is disposed on said second shaft; said second ring assembly is drivingly engaged to a sun gear of

a planetary gear set, wherein the sun of said planetary gear set is drivingly engaged to a set of

planet gears; a carrier of the planetary gear set is coupled to a fourth gear of a second gear set;

said fourth gear is drivingly engaged to the second gear on the input shaft; the set of planet gears

of the planetary gear set are driving engaged to the ring gear of the planetary gear set; and said

ring gear is mechanically coupled to a fifth gear on a third shaft, wherein said third shaft

comprises the fifth and a sixth gear; and said sixth gear is mechanically linked to a differential.

[0040] In some embodiments of the variable transmission, the transmission comprises an

infinitely variable mode.

[0041] In some embodiments of the variable transmission, the first gear set is an up-speed gear

set.

[0042] In some embodiments of the variable transmission, the output speed of said first gear set

is greater than the input shaft speed.



[0043] In some embodiments of the variable transmission, the planetary gear set is a coupling

planetary gear set, wherein the output of the variator is coupled to the sun of the planetary gear

set and the input shaft through a second gear set to the carrier of the planetary gear set.

[0044] In some embodiments of the variable transmission, part of the power will pass through

the variator, the planetary sun, planet gears and ring gear, and part of the power will pass directly

through the planetary carrier, planet gears and ring gear.

[0045] In some embodiments of the variable transmission, the second gear set is a down-speed

gear set.

[0046] In some embodiments of the variable transmission, the carrier of the planetary gear set is

linked to the input shaft through the second gear set and turns at the same speed as the input shaft

times the ratio of the second gear set.

[0047] In some embodiments of the variable transmission, the sun gear of the planetary gear set

is coupled to the output of the second ring assembly of the variator and is turning at a speed

range between the input shaft speed times the minimum ratio of the variator, times the up-speed

ratio of the first gear set and speed of the input shaft, times the maximum speed ratio of the

variator times the up-speed ratio of the first gear set.

[0048] In some embodiments of the variable transmission, the power output going to the

differential from the ring of the planetary can go from forward speeds to reverse speeds through

standstill thereby providing an infinitely variable mode.

[0049] In some embodiments of the variable transmission, the variator is connected to the sun of

the planetary through a direct connection on one side and to the input shaft through a down-speed

ratio on the other side.

[0050] In some embodiments of the variable transmission, the first gear set ratio causes the

variator to turn the opposite direction of the input shaft.

[0051] In some embodiments of the variable transmission, the up-speed ratio of the first gear set

increases the speeds acting on the variator.

[0052] In some embodiments of the variable transmission, the up-speed ratio of the first gear set

decreases the torque acting on the variator.

[0053] In some embodiments of the variable transmission, a minimum speed ratio in the variator

brings the ring speed of the planetary gear set on the output side of the variator to its maximum

forward speed while the maximum speed ratio in the variator brings the ring speed of the

planetary gear set on the output side of the variator to its maximum reverse speed.

[0054] In some embodiments of the variable transmission, the transmission further comprises a

torsional damper drivingly connected to an input power source, wherein said torsional damper is



located between the input power source and the variator to avoid transferring torque peaks and

vibrations. Still further, said torsional damper is coupled with a clutch.

[0055] Provided herein is a variable transmission comprising: an input shaft having a first gear

coupled thereto; a first planetary gear set comprising a first carrier drivingly engaged to the input

shaft, a first set of planet gears drivingly engaged to the first carrier, a first sun gear drivingly

engaged to the first set of planet gears, and a first ring gear is fixed to a casing of the first

planetary gear set; a variator comprising a first ring assembly that is drivingly engaged to the first

sun gear, a second ring assembly that is drivingly engaged to an output shaft coupled to a second

sun gear of a second planetary gear set; the second planetary gear set comprising the second sun

gear that is drivingly engaged to two sets of shared planet gears, a shared carrier that is drivingly

engaged to the two sets of shared planet gears, wherein said second planetary gear set is a

compound planetary gear set; a countershaft having a second gear and third gear coupled thereto,

wherein the shared carrier is drivingly engaged to a fourth gear which is drivingly engaged to the

second gear, and wherein the third gear is drivingly coupled to the first gear on the input shaft;

wherein the set of shared planet gears are driving engaged to a third sun gear of the second

planetary gear set; and said third sun gear is mechanically coupled to a differential.

[0056] In some embodiments of the variable transmission, the transmission comprises an

infinitely variable mode.

[0057] In some embodiments of the variable transmission, the first planetary gear set is an up-

speed gear set.

[0058] In some embodiments of the variable transmission, the output speed of said first planetary

gear set is greater than the input shaft speed.

[0059] In some embodiments of the variable transmission, the second planetary gear set is a

coupling compound planetary gear set, wherein the output of the variator is coupled to the first

sun of the compound planetary gear set and the input shaft through the countershaft through first

gear, second gear and third gear to the shared carrier of the compound planetary gear set.

[0060] In some embodiments of the variable transmission, part of the power will pass through

the first planetary gear set, the variator, the second planetary gear set first sun, the shared planet

gears and second sun gear, and part of the power will pass directly through the second planetary

gear set carrier, shared planet gears and second sun gear.

[0061] In some embodiments of the variable transmission, the carrier of the first planetary gear

set turns at the same speed as the input shaft.

[0062] In some embodiments of the variable transmission, the first sun gear of the second

planetary gear set is coupled to the output of the second ring assembly of the variator and is



turning at a speed range between the input shaft speed times the minimum ratio of the variator,

times the up-speed ratio of the first planetary gear set and the input shaft speed, times the

maximum speed ratio of the variator times the up-speed ratio of the first planetary gear set.

[0063] In some embodiments of the variable transmission, the power output going to the

differential from the second sun of the second planetary gear set can go from forward speeds to

reverse speeds through standstill thereby providing an infinitely variable mode.

[0064] In some embodiments of the variable transmission, the variator is connected to the sun of

the second compound planetary with a direct connection on one side and to the input shaft

through a down-speed ratio on the other side.

[0065] Provided herein is a variable transmission comprising: an input shaft comprising a first

gear of a first gear set and coupled to a first portion of a first clutch; the first gear set comprising

the first gear and a second gear; a variator comprising a first ring assembly drivingly engaged to

the second gear, and a second ring assembly coupled to a ring gear of a planetary gear set and

coupled to a second portion of a second clutch; the planetary gear set comprising the ring gear, a

carrier coupled to a third portion of the second clutch; a set of planet gears drivingly engaged to

the carrier; and a sun gear drivingly engaged with the set of planet gears, wherein said planetary

gear set is a coupling planetary gear set; and a second gear set comprising a third gear drivingly

engaged to the carrier, and a fourth gear coupled to a fourth portion of the first clutch, and the

sun gear is mechanically coupled to a differential.

[0066] In some embodiments of the variable transmission, the first gear set is an up-speed ratio

gear set. In some embodiments of the variable transmission, the second gear set is a down-speed

ratio gear set.

[0067] In some embodiments of the variable transmission, the carrier is connected to the input

shaft when the first clutch is engaged.

[0068] Provided herein is a variable transmission comprising: an input shaft comprising a first

gear of a first gear set and coupled to a first portion of a first clutch; the first gear set comprising

the first gear and a second gear; a variator comprising a first ring assembly drivingly engaged to

the second gear, and a second ring assembly coupled to a ring gear of a planetary gear set and

coupled to a second portion of a second clutch; the planetary gear set comprising the ring gear, a

carrier coupled to a third portion of the second clutch; a set of planet gears drivingly engaged to

the carrier; and a sun gear drivingly engaged with the set of planet gears, wherein said planetary

gear set is a coupling planetary gear set; and a second gear set comprising a third gear drivingly

engaged to the carrier, and a fourth gear coupled to a fourth portion of the first clutch, and the



sun gear is mechanically coupled to a fifth gear, wherein said fifth gear is mechanically coupled

to a differential.

[0069] In some embodiments of the variable transmission, the first gear set is an up-speed ratio

gear set. In some embodiments of the variable transmission, the second gear set is a down-speed

ratio gear set.

[0070] In some embodiments of the variable transmission, the carrier is connected to the input

shaft when the first clutch is engaged.

[0071] In some embodiments of the variable transmission, the fifth gear is a - 1 ratio gear.

[0072] Provided herein is a variable transmission comprising: an input shaft comprising a first

gear of a first gear set coupled to a first portion of a first clutch and a second gear of a second

gear set coupled to a second portion of said first clutch; the first clutch comprising a first portion

and a second portion; the first gear set comprising the first gear and a third gear; the second gear

set comprising the second gear and a fourth gear; a variator comprising a first ring assembly

drivingly engaged to the third gear, and a second ring assembly coupled to a common sun gear of

a compound planetary gear set; the compound planetary gear set comprising a common sun, a

second set of planet gears, coupled to a second carrier, said second carrier coupled to a third

portion of a second clutch, wherein a fourth portion of said second clutch is fixed to ground; a

first set of planet gears, coupled to a first carrier, wherein said first carrier is drivingly engaged to

the fourth gear of said second gear set, and said common sun is drivingly engaged to the second

set of planet gears and the first set of planet gears, wherein said second set of planet gears and

said first set of planet gears are drivingly engaged to the ring gear, wherein said compound

planetary gear set is a coupling planetary gear set; and the ring gear is mechanically coupled to a

differential.

[0073] The input is always linked to the up-speed ratio going to the CVP and to the first member

of the input coupling clutch (to engage the "reverse mode"). The CVP output is linked to the sun

of the compound planetary (sun common for both planes of gears). A clutch allows braking of

the second carrier to engage the direct forward mode. The first carrier of the planetary is linked

to the down-speed ratio and would thus be connected to the ICE (internal combustion engine or

any other power plant) when the input coupling clutch is engaged, engaging the input coupling

mode (reverse mode). The ring of the planetary is connected to the output of the transmission.

[0074] In some embodiments of the variable transmission, the first gear set is an up-speed ratio

gear set. In some embodiments of the variable transmission, the second gear set is a down-speed

ratio gear set.



[0075] In some embodiments of the variable transmission, the reverse mode is achieved when

said first clutch is engaged.

[0076] In some embodiments of the variable transmission, the direct forward mode is achieved

when said second clutch is engaged to allow braking of the second carrier.

[0077] In some embodiments of the variable transmission, the up-speed ratio of the first gear set

increases the speeds acting on the variator.

[0078] In some embodiments of the variable transmission, the up-speed ratio of the first gear set

decreases the torque acting on the variator.

[0079] In some embodiments of the variable transmission, a minimum speed ratio in the variator

brings the ring speed of the planetary gear set on the output side of the variator to its maximum

forward speed while the maximum speed ratio in the variator brings the ring speed of the

planetary gear set on the output side of the variator to its maximum reverse speed.

[0080] Provided herein is a variable transmission comprising: an input shaft comprising a first

gear of a first gear set drivingly engaged to a second gear; the first gear set comprising the first

gear and the second gear; the second gear is coupled to a third gear of a second gear set; the

second gear set comprising the third gear and a fourth gear; the third gear is drivingly engaged to

a first ring assembly of a variator, which is coupled to a second ring assembly which is drivingly

engaged to a sun gear of a coupling planetary gear set, creating a third gear set; the coupling

planetary gear set comprising a common sun, a set of planet gears coupled to a carrier and a ring

gear; wherein the carrier is linked to an internal combustion engine through the fourth gear of the

second gear set and the ring of the coupling planetary gear set is mechanically coupled to a

differential of the transmission.

[0081] In some embodiments, the first gear set is an up-speed ratio gear set.

[0082] In some embodiments, the second gear set is a down-speed ratio gear set for the internal

combustion engine and is the product of the first and second gear set ratios.

[0083] In some embodiments, the third gear set, is a down-speed gear ratio.

[0084] In some embodiments, multiple power paths will be used at the same time. A part of the

power will flow through the CVP, the planetary sun, the planets and go out through the ring;

while a certain amount of the power will directly flow through the carrier, planets and ring of the

planetary. In addition, the closed loop present in the configuration will allow some power to

recirculated, degrading the efficiency for certain ratios, resulting in ratios giving negative speeds

on the ring.

[0085] In some embodiments of the variable transmission, the transmission further comprises a

torsional damper drivingly connected to an input power source, wherein said torsional damper is



located between the input power source and the variator to avoid transferring torque peaks and

vibrations. In still other embodiments, said torsional damper is coupled with a clutch.

[0086] In any one of the previously described embodiments, said transmission provides a

powered neutral ratio.

[0087] Provided herein is a variable transmission comprising a first stage comprising; an input

shaft, a first gear set comprising a first gear, a second gear and a countershaft, wherein the first

gear is drivingly engaged to the input shaft and drivingly engaged to the second gear, and

wherein the second gear is drivingly engaged to the countershaft; a variator comprising a first

ring assembly drivingly engaged to the countershaft, a second ring assembly drivingly engaged to

a third gear of a second gear set, wherein said variator is disposed on the countershaft; the second

gear set comprising the third gear drivingly engaged to a fourth gear, wherein the fourth gear is

drivingly engaged to a planetary output shaft that is drivingly engaged to a sun gear of a

planetary gear set; and the planetary gear set comprising a carrier, the sun gear, a set of planet

gears, and a ring gear, wherein the sun gear is drivingly engaged to the set of planet gears,

wherein the carrier is coupled to the input shaft, wherein the set of planet gears are drivingly

engaged to the ring gear, wherein the ring gear is drivingly engaged to a second stage

comprising; a forward/reverse mechanism, wherein the second stage forward/reverse mechanism

is mechanically coupled to a transmission output.

[0088] In some embodiments, the variable transmission comprises an infinitely variable mode.

[0089] In some embodiments, the first gear set is an up-speed gear set. In some embodiments, an

output speed of said first gear set is greater than an input speed of the input shaft.

[0090] In some embodiments, the planetary gear set is a coupling planetary gear set, wherein the

output shaft is coupled to the sun and the input shaft is coupled through the carrier of the

planetary gear set.

[0091] In some embodiments, a first part of the power from a power source will pass through the

variator, the sun, the set of planet gears, the ring gear, and a second part of the power will pass

directly through the carrier, the set of planet gears, and the ring gear.

[0092] In some embodiments, the carrier turns at the same speed as an input speed of the input

shaft.

[0093] In some embodiments, the sun gear turns at a speed range between a speed of the input

shaft multiplied by a minimum speed ratio of the variator multiplied by ratios of the first gear set

and the second gear set, and the speed of the input shaft multiplied by a maximum speed ratio of

the variator multiplied by the ratios of the first gear set and the second gear set.



[0094] In some embodiments, a power output going to the forward / reverse mechanism from the

ring gear can go from forward direction to reverse direction through standstill thereby providing

an infinitely variable mode.

[0095] In some embodiments, the variator is connected to the sun through a speed ratio of the

second gear set on one side of the variator and connected to the input shaft through a speed ratio

of the first gear set on the other side of the variator.

[0096] In some embodiments, a first gear set ratio of the first gear set causes the variator to turn

the opposite direction of the input shaft, wherein the second gear set ratio of the second gear set

causes the output of the variator to turn in the same direction as the input shaft.

[0097] In some embodiments, an up-speed ratio of the first gear set increases the speeds acting

on the variator. In some embodiments, an up-speed ratio of the first gear set decreases the torque

acting on the variator.

[0098] In some embodiments, the second stage forward / reverse mechanism comprises a

planetary gear set. In some embodiments, the second stage planetary gear set comprises a sun

gear, a first set and a second set of planetary gears, a carrier, a ring gear, a forward directional

clutch, a reverse directional clutch and an output shaft, wherein the sun gear is mounted on the

output shaft and is drivingly engaged to the first set of planetary gears which are drivingly

engaged to the second set of planetary gears, wherein the carrier is coupled to a reverse

directional clutch on one side of the planetary gear set and wherein the second set of planetary

gears are drivingly engaged to the ring gear which is coupled to a forward directional clutch on

the other side of the planetary gear set, wherein the second stage planetary ring gear is driven by

the ring gear of the coupling planetary gear set, and wherein the output shaft is coupled to the

transmission output.

[0099] In some embodiments, the second stage forward / reverse mechanism comprises a

forward gear, a reverse gear, a first idler gear, a second idler gear, an idler shaft, a forward

directional clutch, a reverse directional clutch and an output shaft, wherein the forward gear is

mounted on the output shaft and drivingly engaged by the ring gear of the coupling planetary

gear set, wherein the forward gear is coupled to a forward clutch on one side of the second stage

forward / reverse mechanism, the first idler gear is mounted on the idler shaft and drivingly

engaged to the ring gear, and wherein the second idler gear is driven on the idler shaft and

drivingly engaged to the reverse gear mounted about the output shaft and coupled to a reverse

clutch on the other side of the second stage forward / reverse mechanism, and wherein the output

shaft is coupled to the transmission output.



[00100] In some embodiments, the first stage of the transmission produces a speed range

between a small negative speed and a maximum positive speed.

[00101] In some embodiments, the second stage forward / reverse mechanism produces

maximum reverse speeds by mirroring the asymmetrical speed range of the first stage.

[00102] In some embodiments, the gear ratio of the second stage forward / reverse

mechanism can be changed to reduce the maximum forward and reverse speeds.

[00103] In some embodiments, the variable transmission further comprises a torsional

damper, wherein said torsional damper is located between an input power source and the variator

to avoid or reduce transferring torque peaks and vibrations from the input power source to one or

more of the input shaft, the first gear set, the variator, the second gear set, and the planetary gear

set.

[00104] In some embodiments, the torsional damper is coupled with a clutch.

INCORPORATION BY REFERENCE

[00105] All publications, patents, and patent applications mentioned in this specification

are herein incorporated by reference to the same extent as if each individual publication, patent,

or patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[00106] The novel features of the invention are set forth with particularity in the appended

claims. A better understanding of the features and advantages of the present invention will be

obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which the principles of the invention are utilized, and the accompanying

drawings of which:

[00107] Figure 1 is an illustrative side sectional view of a continuously variable planetary

(CVP) transmission comprising an input ring 995, an output ring 996, balls 997, axles 998, and

optionally, an idler, 999.

[00108] Figure 2 is an illustrative magnified, side sectional view of a ball and ring of the

CVP transmission of Figure 1.

[00109] Figure 3 is a block diagram of a continuously variable transmission (CVT) used

in a vehicle and an off-highway (OH) drivetrain.

[00110] Figure 4 is an illustrative example of an exemplary stick diagram powerpath

based on an input coupling planetary (R, C, S, for Ring, Carrier and Sun) that combines input

from the ICE and from the CVP into a symmetrical output. The CVP is connected to the sun of

the planetary on one side and to the ICE through an up-speed ratio on the other side.



[00111] Figure 5 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 4;

[00112] Figure 6 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 4 used in a vehicle having an infinitely variable mode.

[00113] Figure 7 is a block diagram of a continuously variable transmission (CVT)

according to another embodiment of Figure 4 used in a vehicle having an infinitely variable

mode.

[00114] Figure 8 is an illustrative example of an exemplary stick diagram powerpath

based on an input coupling planetary (R, C, S, for Ring, Carrier and Sun) that combines input

from the ICE and from the CVP into a symmetrical output. The CVP is connected to the sun of

the planetary through a gear ratio on one side and to the ICE through an up-speed ratio on the

other side.

[00115] Figure 9 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 8.

[00116] Figure 10 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 8 used in a vehicle having an infinitely variable mode.

[00117] Figure 11 is an illustrative example of an exemplary stick diagram powerpath

based on an input coupling planetary (R, C, S, for Ring, Carrier and Sun) that combines input

from the ICE through a down-speed ratio and from the CVP into a symmetrical output. The CVP

is connected to the sun of the planetary on one side and to the ICE through an up-speed ratio on

the other side.

[00118] Figure 12 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 11.

[00119] Figure 13 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 11 used in a vehicle having an infinitely variable mode.

[00120] Figure 14 is an illustrative example of an exemplary stick diagram powerpath

based on a coupling compound planetary (SI, C, S2, for the first Sun, the Carrier and the second

Sun) that combines input from the ICE and from the CVP into a symmetrical output.

[00121] Figure 15 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 14.

[00122] Figure 16 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 14 used in a vehicle having an infinitely variable mode.



[00123] Figure 17 is an illustrative example of an exemplary stick diagram powerpath

based on a dual mode solution, each mode being selected by closing a clutch/brake and releasing

the other.

[00124] Figure 18 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 17.

[00125] Figure 19 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 17 used in a vehicle having an infinitely variable mode.

[00126] Figure 20 is another illustrative example of an exemplary stick diagram

powerpath based on a dual mode solution, each mode being selected by closing a clutch/brake

and releasing the other.

[00127] Figure 21 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 20.

[00128] Figure 22 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 20 used in a vehicle having an infinitely variable mode.

[00129] Figure 23 is another illustrative example of an exemplary stick diagram

powerpath based on a dual mode solution which includes a compound planetary gear set, each

mode being selected by closing a clutch/brake and releasing the other.

[00130] Figure 24 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 23.

[00131] Figure 25 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 23 used in a vehicle having an infinitely variable mode.

[00132] Figure 26 is another illustrative example of an exemplary stick diagram

powerpath based on an input coupling planetary (R, C, S, for Ring, Carrier and Sun) that

combines input from the ICE and from the CVP into a symmetrical output. The CVP is

connected to the sun of the planetary through a gear ratio on one side and to the ICE through an

up-speed ratio on the other side. The Carrier is connected to the ICE through a down-speed ratio.

[00133] Figure 27 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 26.

[00134] Figure 28 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 26 used in a vehicle having an infinitely variable mode.

[00135] Figure 29 is another illustrative example of an exemplary stick diagram

powerpath based on an input-coupled planetary (R, C, S, for Ring, Carrier and Sun) that

combines input from the ICE and from the CVP. The CVP is connected to the sun of the



planetary directly or optionally through a down-speed ratio on one side and to the ICE directly or

by an up-speed ratio on the other side.

[00136] Figure 30 is a graph of a speed diagram of the planetary gear set of the CVT of

Figure 29.

[00137] Figure 31 is a block diagram of a continuously variable transmission (CVT)

according to one embodiment of Figure 29 used in a vehicle having an infinitely variable mode

and a secondary Forward / Reverse mechanism.

[00138] Figure 32 is a block diagram of one possible embodiment for the secondary

Forward / Reverse mechanism of Figure 31.

[00139] Figure 33 is a block diagram of another possible embodiment for the secondary

Forward / Reverse mechanism of Figure 31.

DETAILED DESCRIPTION OF THE INVENTION

[00140] Continuously Variable Transmissions or CVTs are of many types: belts with

variable pulleys, toroidal, and conical, for non-limiting example. The principle of a CVT is that

it enables the engine to run at its most efficient rotation speed by changing steplessly the

transmission ratio in function of the speed of the car and the torque demand (throttle position) of

the driver. If needed for example when accelerating, the CVT can also shift to the most optimum

ratio providing more power. A CVT can change the ratio from the minimum to the maximum

ratio without any interruption of the power transmission, as opposed to usual transmissions which

require an interruption of the power transmission by disengaging to shift from one discrete ratio

to engage the next ratio.

[00141] A specific use of CVTs is the Infinite Variable Transmission or IVT. Where the

CVT is limited at positive speed ratios, the IVT configuration can perform a neutral gear and

even reverse steplessly. A CVT can be used as an IVT in some driveline configurations.

[00142] Provided herein are configurations based on a ball type CVT, also known as CVP

(for constant variable planetary) or a variator, herein. Aspects of an example CVT are described

in US20040616399 or AU201 1224083A1, incorporated herein by reference in their entirety. The

type of CVT used herein is comprised a variator comprising a plurality of variator balls,

depending on the application, two discs or annular rings (i.e. a first ring assembly and a second

ring assembly) each having an engagement portion that engages the variator balls. The

engagement portions may be in a conical or toroidal convex or concave surface contact with the

variator balls, as input and output. The variator may include an idler contacting the balls as well

as shown on FIG. 1. The variator balls are mounted on axes, themselves held in a cage or carrier

allowing changing the ratio by tilting the variator balls' axes. Other types of ball CVTs also exist,



like the one produced by Milner but are slightly different. These alternative ball CVTs are

additionally contemplated herein. The working principle generally speaking, of a ball-type

variator of a CVT is shown in FIG. 2 .

[00143] The variator itself works with a traction fluid. The lubricant between the ball and

the conical rings acts as a solid at high pressure, transferring the power from the first ring

assembly, through the variator balls, to the second ring assembly. By tilting the variator balls'

axes, the ratio can be changed between input and output. When the axis of each of the variator

balls is horizontal the ratio is one, when the axis is tilted, the distances between the axis and the

contact points change, modifying the overall ratio. All the variator balls' axles are tilted at the

same time with a mechanism included in the cage.

[00144] As in a car 300, the CVT 301 is used to replace the traditional transmission and is

located between the engine 100 (an internal combustion engine (ICE) or any other power plant)

and the differential 304 as shown in FIG. 3 . In a typical drivetrain for an Off-Highway (OH)

vehicle, a torsional damper 302 (alternatively called a damper) is introduced between the engine

100 and the CVT 301 to avoid transferring torque peaks and vibrations that could seriously

damage the variator 301. In some configurations this damper 302 can be coupled with a clutch

303 for the starting function or to allow the engine to be decoupled from the transmission. Other

types of CVT's (apart from ball-type traction drives) can also be used as the variator.

[00145] In addition to the configurations described, where the variator is used directly as

the primary transmission, other architectures are possible. Various powerpath layouts can be

introduced by adding a number of gears, clutches and simple or compound planetary gear sets. In

such configurations, the overall transmission can provide several operating modes; a CVT, an

IVT, a combined mode and so on.

[00146] Introduced within this specification are different layouts based on the same

principle of using a planetary connected to the ICE and the CVP to allow powersplitting. Several

examples of architectures are proposed, but the invention is not restricted to these examples and

it is assumed that all the layouts that perform similarly to the speed diagrams and generic layouts

are part of the invention as well.

[00147] This coupling allows having a better efficiency in one part of the output range,

typically the forward part, due to the powersplitting. Additionally, these configurations and their

different layouts provide a powered neutral ratio. The spread given through them is sufficient to

allow the engine to operate at more optimal points, providing fuel economy, while keeping the

same operating speeds.



[00148] These configurations typically provide a symmetrical range of positive and

negative speeds, a feature that is present in many applications such as forklifts. However,

modifications of ratios in the gears and planetary gear sets might provide different forward and

reverse speed, allowing the use of these configurations in different applications.

[00149] The present invention relates to various powerpath layouts consisting in a single

mode with approximately symmetrical reverse and forward speeds. These configurations may be

used for forklift trucks that typically drive the same speed in forward and in reverse, but may also

be used for other applications. Additionally, the approximately symmetrical speed characteristic

of these configurations is only due to the particular gear ratios chosen. A different set of gear

ratios might provide different forward and reverse speed while keeping the same configuration,

allowing it to be used in other applications.

[00150] The carrier assembly of the variator of FIGS. 6, 7, 10, 13, 16, 19, 22, 25 and 28

may be rotatably disposed in the housing. The carrier assembly comprises an annular

arrangement of the plurality of tiltable variator balls each having tiltable ball axle shafts. In some

embodiments, each of the ball axle shafts is adjusted using a cam style tilting mechanism. In

some embodiments, each of the ball axle shafts is adjusted using a split carrier axle skewing

mechanism.

[00151] As depicted in FIGS. 6, 7, 10, 13, 16, 19, 22, 25 and 28, at least, a second ring

assembly is rotatably disposed in the housing. The second ring assembly comprises a second

variator ball engagement surface that is in driving engagement with variator balls of the carrier

assembly. In some embodiments, the second variator ball engagement surface is formed in a

distal end of the second ring assembly. In some embodiments, the second variator ball

engagement surface is a conical surface or a concave or convex toroidal surface in contact with

or slightly spaced apart from each of the variator balls. In some embodiments, the second variator

ball engagement surface is in driving engagement with each of the variator balls of the carrier

assembly through one of a boundary layer type friction and an elastohydrodynamic film.

[00152] A ball ramp on each side of the variator provides the clamping force necessary to

transfer the torque. Ball ramps, indicated in FIGS. 6, 7, 10, 13, 16, 19, 22, 25 and 28 by a circle

between a pair of vertical lines, making up a first thrust ring on the first ring assembly and a

second thrust ring on the second ring assembly are disposed between components of the variable

transmission as shown to generate an amount of axial force necessary for proper operation of the

variable transmission (i.e. transfer of torque); however, it is understood that the amount of axial

force necessary for proper operation may be generated by a clamping mechanism (not shown) or

as a load applied during assembling of the variable transmission. Thus, as depicted in FIGS. 6,



7, 10, 13, 16, 19, 22, 25 and 28, a ball ramp on each side of the variator provides the clamping

force necessary to transfer the torque in this embodiment.

Configuration 1 - F13-36

[00153] Provided herein is a variable transmission 600 comprising: an input shaft 601; a

first planetary gear set 660 comprising a carrier 663 drivingly engaged to the input shaft 601; the

sun 662 gear drivingly engaged to a set of planet gears 664 which are engaged to a ring gear 661;

the ring gear 661 is fixed to the casing of the first planetary gear set 660; a first ring assembly

671 of a variator 670 is drivingly engaged to the sun 662 of the first planetary gear set 660 said

variator 670 comprising a first ring assembly 671 and a second ring assembly 672; said second

ring assembly 672 is drivingly engaged to a sun gear 652 of a second planetary gear set 650;

wherein the sun 652 of said second planetary gear set 650 is drivingly engaged to a set of planet

gears 654, the carrier 653 of the second planetary gear set 650 is coupled to the input shaft 601;

the set of planet gears 654 of the second planetary gear set 650 are drivingly engaged to the ring

gear 651 of the second planetary gear set 650; and said ring gear 651 is mechanically coupled to

a differential 680.

[00154] This configuration, as illustrated in FIG. 4, is based on an input coupling

planetary gear set (R, C, S; for Ring, Carrier and Sun) that combines input from the ICE and

from the CVP into a symmetrical output. The CVP is connected to the sun of the planetary on

one side and to the ICE through an up-speed ratio on the other side. This up-speed ratio tends to

increase the speeds and decrease the torque acting on the CVP, allowing decreasing the variator

size.

[00155] The central part of that configuration is the variator described previously. A ball

ramp on each side of the variator provides the clamping force necessary to transfer the torque.

Due to the planetary, the configuration uses only a CVP and is able to provide standstill and

reverse function as an IVP. No starting device like a slipping clutch or torque converter is

required, since the IVP capability provides the starting function. However, these devices might

be added to allow a safety disconnect or to start the engine. The ratio after the planetary is there

to ensure that the maximum speeds and torques of the vehicle are still achieved.

[00156] The speed diagram of the planetary gearset of this first configuration is illustrated

in FIG 5 . The three horizontal axes represent respectively, from the bottom to the top, the sun

rotation speed 501, the carrier rotation speed 502 and the ring rotation speed 503. The carrier is

linked to the ICE and then always turns at the ICE speed, shown as a vertical bar 504 on the

carrier axis. The sun is connected to the output of the CVP and is thus turning at a speed included

between the ICE speed times the minimum ratio of the CVP times the up-speed ratio and the ICE



speed times the maximum speed ratio of the CVP times the up-speed ratio. This speed interval

505 is shown as a bold line on the right side of the Sun axis.

[00157] The solid bold line interval 506 shown on the Ring axis is the speed achievable by

the ring depending on the variator speed ratio. A minimum speed ratio in the variator brings the

ring speed to its maximum forward speed while the maximum speed ratio in the CVP brings the

ring speed to its maximum reverse speed. The dotted lines 507a, 507b show the limits

achievable. It can be observed that the amount of positive speeds achievable with that

configuration is the same, or similar to the reverse speeds.

[00158] This configuration is a power split configuration, meaning that there are multiple

power paths that will be used at the same time. A part of the power will flow through the CVP,

the planetary sun, planet and going out through the ring while a certain amount of the power will

directly flow through the carrier, planets and ring of the planetary. In addition to that, the closed

loop present in the configuration will allow some power to be recirculated, degrading the

efficiency for certain ratios (ratios giving negative speeds on the ring).

[00159] FIG. 6 shows a first layout for this configuration (Configuration 1, Layout 1).

The view is taken from the side of the vehicle. The input 601 is linked to an up-speed planetary

660 used to increase the speed at the entrance of the CVP 670. To do so, the input is connected to

the carrier 663 of the planetary 660, the ring 661 of the planetary 660 is fixed to the ground

(casing) and the input of the CVP 672 is linked to the sun 662 of the planetary 660. The output

of the CVP 670 is then coupled with the ICE 100 through the coupling planetary 650. The CVP

is linked to the sun 652 of the coupling planetary and the ICE 100 is linked to the planets 654

and carrier 653. The output is made through the ring 651 of the coupling planetary 650.

[00160] Provided herein is a variable transmission 700 comprising: an input shaft 701; an

up-speed ratio gear set 760 comprising a first gear 764 drivingly engaged to the input shaft 701;

said gear set 760 comprising the first gear 764, a countershaft 761, a second gear 762 a third gear

763 and a fourth gear 765; said first gear is drivingly engaged to said second gear 762, wherein

said second gear is drivingly engaged to said third gear 763 through the countershaft and the third

763 is drivingly engaged to the fourth gear 765; a first ring assembly 771 of a variator 770 is

drivingly engaged to said fourth gear 765; said variator 770 comprising the first ring assembly

771 and a second ring assembly 772; said second ring assembly 772 is drivingly engaged to a sun

gear 752 of a planetary gear set 750, wherein the sun 752 of said planetary gear set 750 is

drivingly engaged to a set of planet gears 754; the carrier 753 of the planetary gear set 750 is

coupled to the input shaft 701; the set of planet gears 754 of the second planetary gear set 750 are



driving engaged to the ring gear 751 of planetary gear set 750; and said ring gear 751 is

mechanically coupled to a differential 780.

[00161] FIG. 7 shows a second transmission layout 700 for this configuration

(Configuration 1, Layout 2). The view is taken from the side of the vehicle. The input 701 is

linked to an up-speed gear set 760 used to increase the speed at the entrance 771 of the CVP 770.

The up-speed gear set 760 is composed of a countershaft 761 and four gears 762, 763, 764 and

765 in order to gear the same sense of rotation. The output 772 of the CVP 770 is then coupled

with the ICE 100 through the coupling planetary 750. The CVP 770 is linked to the sun 752 of

the coupling planetary and the ICE 100 is linked to the planets 754 and carrier 753. The output

780 is made through the ring of the coupling planetary 751.

[00162] In some embodiments of the variable transmission, the sun gear turns within a

speed range between a speed of the input shaft multiplied by a minimum speed ratio of the

variator, multiplied by an up-speed ratio of the gear set and the speed of the input shaft multiplied

by a maximum speed of the variator multiplied by the up-speed ratio of the gear set.

[00163] These two physical implementations are only examples, and this disclosure should

not be restricted only to these examples. One skilled in the art would see that variants of this

layout might be used to achieve the same speed diagram while keeping the same working

principle.

Configuration 2

[00164] Provided herein is a variable transmission 1000 comprising: an input shaft 1001; a

first gear set 1040 comprising a first gear 1041, second gear 1042 and a countershaft 1063, said

first gear 1041 drivingly engaged to the input shaft 1001; said first gear is drivingly engaged to

said second gear 1042, wherein said second gear 1042 is drivingly engaged to said countershaft

1063; a first ring assembly 1061 of a variator 1060 is drivingly engaged to said countershaft

1063; said variator 1060 comprising a first ring assembly 1061 and a second ring assembly 1062,

wherein said variator is disposed on said countershaft 1063; said second ring assembly 1062 is

drivingly engaged to a third gear 1071 of a second gear set 1070; said second gear set 1070

comprising the third gear 1071 that is drivingly engaged to a fourth gear 1073 on an output shaft

1072; said output shaft 1072 is drivingly engaged to sun 1052 of a planetary gear set 1050;

wherein the sun 1052 of said planetary gear set 1050 is drivingly engaged to a set of planet gears

1054; the carrier 1053 of the planetary gear set 1050 is coupled to the input shaft 1001; the set of

planet gears 1054 of the second planetary gear set 1050 are driving engaged to the ring gear 1051

of the planetary gear set 1050; and said ring gear 1051 is mechanically coupled to a differential

1080.



[00165] This configuration, as illustrated in FIG. 8, is based on an input coupling

planetary gear set (R, C, S; for Ring, Carrier and Sun) that combines input from the ICE and

from the CVP into a symmetrical output. The CVP is connected to the sun of the planetary

through a gear ratio on one side and to the ICE through an up-speed ratio on the other side. This

up-speed ratio tends to increase the speeds and decrease the torque acting on the CVP, allowing

decreasing the variator size.

[00166] The central part of that configuration is the variator described previously. A ball

ramp on each side of the variator provides the clamping force necessary to transfer the torque.

Due to the planetary, the configuration uses only a CVP and is able to provide standstill and

reverse function as an IVP. No starting device like a slipping clutch or torque converter is

required, since the IVP capability takes care of the starting function. However, these devices

might be added to allow a safety disconnect or to start the engine.

[00167] The speed diagram of the planetary gearset of this second configuration is

illustrated in FIG. 9 . The three horizontal axes represent respectively, from the bottom to the top,

the sun rotation speed 901, the carrier rotation speed 902 and the ring rotation speed 903. The

carrier is linked to the ICE and then always turns at the ICE speed, shown as a solid bar 904 on

the carrier axis. The sun is connected to the output of the CVP and is thus turning at a speed

included between the ICE speed times the minimum ratio of the CVP times the two ratios and the

ICE speed times the maximum speed ratio of the CVP times the two ratios. This speed interval

905 is shown as the solid line on the right side of the Sun axis.

[00168] The solid line interval 906 on the Ring axis shows the speed range achievable by

the ring depending on the variator speed ratio. A minimum speed ratio in the variator brings the

ring speed to its maximum forward speed while the maximum speed ratio in the CVP brings the

ring speed to its maximum reverse speed. The dotted lines 907a, 907b show the limits

achievable. It can be observed that the amount of positive speeds achievable with that

configuration is the same, or similar to the reverse speeds.

[00169] This configuration is a power split configuration, meaning that there are multiple

power paths that will be used at the same time. A part of the power will flow through the CVP,

the planetary sun, planet and going out through the ring while a certain amount of the power will

directly flow through the carrier, planets and ring of the planetary. In addition to that, the closed

loop present in the configuration will allow some power to recirculated, degrading the efficiency

for certain ratios (ratios giving negative speeds on the ring).

[00170] FIG. 10 shows a layout for this configuration (Configuration 2, Layout 1). The

view is taken from the side of the vehicle. The input shaft 1001 is linked to an up-speed gear set



1040 comprising gears 1041, 1042, used to increase the speed at the entrance 1061 of the CVP

1060 to reduce the torque. The CVP 1060 is placed on a second axle 1063 thanks to this gear

ratio1040. The gear ratio 1040 makes the CVP 1060 turn in the opposite direction than the ICE

100. The output 1062 of CVP 1060 is drivingly connected to a second gear ratio 1070 comprising

gears 1071 and 1072. The second ratio 1070 before the entry into the coupling planetary 1050

brings it back to a correct direction. The output of the CVP 1062 is then coupled with the ICE

100 through the coupling planetary 1050. The CVP 1060 is linked to the sun 1052 and planets

1054 of the coupling planetary 1050 and the ICE 100 is linked to the carrier 1053. The output

1080 is made through the ring 1051 of the planetary 1050.

[00171] This physical implementation is only an example, and this disclosure should not

be restricted only to this example. One skilled in the art would see that variants of this layout

might be used to achieve the same speed diagram while keeping the same working principle.

Configuration 3

[00172] Provided herein is a variable transmission 1300 comprising: an input shaft 1301

comprising a first gear 1311 and a second gear 1332 coupled thereto; said first gear 1311 is

drivingly engaged to a third gear 1312 on a second shaft 1313; a first ring assembly 1361 of a

variator 1360 is drivingly engaged to said first gear set 1310 comprising the third gear 1312; said

variator comprising a first ring assembly 1361 and a second ring assembly 1362, wherein said

variator is disposed on said second shaft 1313; said second ring assembly 1362 is drivingly

engaged to a sun gear 1352 of a planetary gear set 1350, wherein the sun 1352 of said planetary

gear set is drivingly engaged to a set of planet gears 1354; the carrier 1353 of the planetary gear

set 1350 is coupled to a fourth gear 1331 of a second gear set 1330; said fourth gear 1331 is

drivingly engaged to the second gear 1332 on the input shaft 1301; the set of planet gears 1354 of

the planetary gear set are drivingly engaged to the ring gear 1351 of the planetary gear set; and

said ring gear 1351 is mechanically coupled to the fifth gear 1321 on a third shaft 1320, wherein

said third shaft comprises a fifth gear 1321 and a sixth gear 1322; and said sixth gear 1322 is

mechanically linked to a differential 1380.

[00173] This configuration, as illustrated in FIG. 11, is based on an input coupling

planetary gear set (R, C, S; for Ring, Carrier and Sun) that combines input from the ICE and

from the CVP into a symmetrical output. The CVP is connected to the sun of the planetary on

one side and to the ICE through an up-speed ratio on the other side. This up-speed ratio tends to

increase the speeds and decrease the torque acting on the CVP, allowing decreasing the variator

size. The ICE is linked to the carrier of the planetary through a down-speed ratio.



[00174] The central part of that configuration is the variator described previously in the

specification, and functions in the same way.

[00175] The speed diagram of the planetary gearset of this third configuration is illustrated

in FIG. 12. The three horizontal axes represent respectively, from the bottom to the top, the sun

rotation speed 1201, the carrier rotation speed 1202 and the ring rotation speed 1203. The carrier

is linked to the ICE through the down-speed ratio and then always turns at the ICE speed times

that ratio, shown as a solid bar 1204 on the carrier axis. The sun is connected to the output of the

CVP and is thus turning at a speed included between the ICE speed times the minimum ratio of

the CVP times the up-speed ratio and the ICE speed times the maximum speed ratio of the CVP

times the up-speed ratio. This speed interval 1205 is shown as a bold line on the right side of the

Sun axis.

[00176] The solid bold interval 1206 on the Ring axis shows the speed achievable by the

ring depending on the variator speed ratio. A minimum speed ratio in the variator brings the ring

speed to its maximum forward speed while the maximum speed ratio in the CVP brings the ring

speed to its maximum reverse speed. The dotted lines 1207a, 1207b, show the limits achievable.

It can be observed that the amount of positive speeds achievable with that configuration is the

same, or similar to the reverse speeds.

[00177] This configuration is a power split configuration, meaning that there are multiple

power paths that will be used at the same time. A part of the power will flow through the CVP,

the planetary sun, planet and going out through the ring while a certain amount of the power will

directly flow through the carrier, planets and ring of the planetary. In addition to that, the closed

loop present in the configuration will allow some power to recirculated, degrading the efficiency

for certain ratios (ratios giving negative speeds on the ring).

[00178] FIG. 13 shows a layout for this configuration (Configuration 3, Layout 1). The

view is taken from the side of the vehicle. The input shaft 1301 is linked to an up-speed gear set

1310 comprising a first gear 1311 and a third gear 1312 used to increase the speed at the entrance

1361 of the CVP 1360 to reduce the torque. The CVP 1360 is placed on a second axle 1313

thanks to this gear ratio. The gear ratio 1310 makes the CVP 1360 turn in the opposite direction

than the ICE 100. But the countershaft 1320 after the coupling planetary 1350 will bring it back

to a correct direction. The output 1362 of the CVP 1360 is then coupled with the ICE 100

through the coupling planetary 1350. The CVP 1360 is linked to the sun 1352 and the planets

1354 of the coupling planetary 1350 and the ICE 100 is linked to the carrier 1353 through a

down-speed ratio 1330 comprising a fourth gear 1331 and a second gear 1332. The output 1380



is made through the ring 1351 of the coupling planetary 1350 through the countershaft 1320

comprising a fifth gear 1321 and a sixth gear 1322.

[00179] This physical implementation is only an example, and this disclosure should not

be restricted only to this example. One skilled in the art would see that variants of this layout

might be used to achieve the same speed diagram while keeping the same working principle.

Configuration 4

[00180] Provided herein is a variable transmission 1600 comprising: an input shaft 1601

comprising a first gear 1605; a first planetary gear set 1680 comprising a first carrier 1683

drivingly engaged to the input shaft 1601; the carrier 1683 drivingly engaged to a set of planet

gears 1684 which are engaged to a sun gear 1682; the ring gear 1681 is fixed to the casing of the

first planetary gear set 1680; a first ring assemblyl661 of a variator 1660 is drivingly engaged to

the sun 1682 of the first planetary gear set 1680; said variator comprising the first ring assembly

1661 and a second ring assembly 1662; said second ring assembly 1662 is drivingly engaged to a

first sun gear 1614 of a second planetary gear set 1610, wherein said second planetary gear set

1610 is a compound planetary gear set; wherein the first sun 1614 of said second planetary gear

set 1610 is drivingly engaged to two sets of shared planet gears 1611 and 1612; said shared

planet gears 1611 and 1612 are drivingly engaged to a shared carrier 1613; said shared carrier

1613 of the second planetary gear set 1613 is drivingly engaged to fourth gear 1673 which is

drivingly engaged to a second gear 1671 coupled to a counter shaft 1670; said countershaft

comprising said second gear 1671 and a third gear 1672; said third gear 1672 is drivingly coupled

to the first gear 1605 on the input shaft 1601; the set of shared planet gears 1612 of the second

planetary gear set 1610 are drivingly engaged to a second sun gear 1615 of the second planetary

gear set; and said second sun gear 1615 is mechanically coupled to output gear 1616 which is

drivingly engaged to a differential 1690.

[00181] This configuration, as illustrated in FIG. 14, is based on a coupling compound

planetary (SI, C, S2, for the first Sun, the Carrier and the second Sun) that combines input from

the ICE and from the CVP into a symmetrical output. The CVP is connected to the sun of the

planetary on one side and to the ICE through an up-speed ratio on the other side. This up-speed

ratio tends to increase the speeds and decrease the torque acting on the CVP, allowing decreasing

the variator size. The ICE is linked to the carrier of the planetary through a down-speed ratio.

[00182] The central part of that configuration is the variator described previously in the

specification, and functions in the same way.

[00183] The speed diagram of the planetary gearset of this fourth configuration is

illustrated in FIG. 15. The three horizontal axes represent respectively, from the bottom to the



top, the sun rotation speed 1501, the carrier rotation speed 1502 and the ring rotation speed 1503.

The carrier is linked to the ICE through the down-speed ratio and then always turns at the ICE

speed times that ratio, shown as a solid bar 1504 on the carrier axis. The sun is connected to the

output of the CVP and is thus turning at a speed included between the ICE speed times the

minimum ratio of the CVP times the up-speed ratio and the ICE speed times the maximum speed

ratio of the CVP times the up-speed ratio. This speed interval is shown as a solid bold section

1505 on the right side of the Sun axis.

[00184] The solid interval 1506 on the Ring axis shows the speed achievable by the ring

depending on the variator speed ratio. A minimum speed ratio in the variator brings the ring

speed to its maximum forward speed while the maximum speed ratio in the CVP brings the ring

speed to its maximum reverse speed. The dotted lines 1507a, 1507b show the limits achievable.

It can be observed that the amount of positive speeds achievable with that configuration is the

same, or similar to the reverse speeds.

[00185] This configuration is a power split configuration, meaning that there are multiple

power paths that will be used at the same time. A part of the power will flow through the CVP,

the planetary sun, planet and going out through the ring while a certain amount of the power will

directly flow through the carrier, planets and ring of the planetary. In addition to that, the closed

loop present in the configuration will allow some power to recirculated, degrading the efficiency

for certain ratios (ratios giving negative speeds on the ring).

[00186] FIG. 16 shows a layout for this configuration (Configuration 4, Layout 1). The

view is taken from the side of the vehicle. The input shaft 1601 is linked to an up-speed planetary

gear set 1680 used to increase the speed at the entrance of the CVP 1660 to reduce the torque.

The output of the CVP 1660 is then coupled with the ICE 100 through the coupling compound

planetary 1610. The ICE speed is applied on the carrier 1613 of the compound planetary gearset

1610 through the countershaft 1670. The CVP output is linked to the first sun 1614 of the

compound planetary. A set of shared planet 1612 links together the two planes of gears of the

compound planetary. The second sun 1615 is linked to the output 1690 of the transmission.

[00187] A compound planetary is used to create ratios that cannot be created in a normal

planetary, but other arrangements of planetary gear sets might also be used as long as they

provide the same functionalities as shown on the speed diagram.

Configuration 5, Layout 1 - F13-39 Config. 1

[00188] Provided herein is a variable transmission 1900 as illustrated in FIG. 19,

comprising: an input shaft 1910 comprising a first gear 1901a of a first gear set 1901 and coupled

to a first portion 1905a of a first clutch 1905; the first gear set comprising the first gear 1901a



and a second gear 1901b; a variator 1904 comprising a first ring assembly 1904a drivingly

engaged to the second gear 1901b, and a second ring assembly 1904b coupled to a ring gear

1903a of a planetary gear set 1903 and coupled to a first portion 1906a of a second clutch 1906;

the planetary gear set 1903 comprising the ring gear 1903a, a carrier 1903b coupled to a second

portion 1906b of the second clutch 1906; a set of planet gears 1903c drivingly engaged to the

carrier 1903b; and a sun gear 1903d drivingly engaged with the set of planet gears 1903c,

wherein said planetary gear set 1903 is a coupling planetary gear set; and a second gear set 1902

comprising a third gear 1902a drivingly engaged to the carrier 1903b, and a fourth gear 1902b

coupled to a second portion 1905b of the first clutch 1905, and the sun gear 1903d is

mechanically coupled to an output gear 1903e which is drivingly engaged to a differential 1907.

[00189] This configuration, as illustrated in FIG. 17, is based on a dual mode solution,

each mode being selected by closing a clutch/brake and releasing the other. The reverse mode is

a direct CVP mode, active by locking the planetary with a clutch incorporated in it. The forward

mode (also providing low reverse speeds) is composed of an input coupling planetary gear set (R,

C, S; for Ring, Carrier and Sun) that combines input from the ICE and from the CVP into an IVT

output. The CVP is connected to the ring of the planetary on one side and to the ICE through an

up-speed ratio on the other side. This up-speed ratio tends to increase the speeds and decrease the

torque acting on the CVP, allowing a decrease in the variator size. The ICE is also connected to

the carrier through a down-speed ratio in the forward mode. It has to be noted that the naming of

the modes as Forward and Reverse is arbitrarily made, in this case, the forward mode also

provides low reverse speeds as well as a powered neutral. However, as this mode covers the

whole forward speed range it has been named Forward.

[00190] The central part of that configuration is the variator described previously in the

document. A ball ramp on each side of the variator provides the clamping force necessary to

transfer the torque. Thanks to the planetary, the configuration uses only a CVP and is able to

provide standstill and reverse function as an IVP. No starting device like a slipping clutch or

torque converter is required, since the IVP capability takes care of the starting function.

However, these devices might be added to allow a safety disconnect or to start the engine. Ratio

after the planetary is there to ensure that the maximum speeds and torques of the vehicle are still

achieved.

[00191] The speed diagram of the planetary gearset of this fifth configuration is illustrated

in FIG. 18. The three horizontal axes represent respectively, from the bottom to the top, the sun

rotation speed 1801, the carrier rotation speed 1802 and the ring rotation speed 1803. In the

forward mode, the carrier is linked to the ICE through a down speed ratio and then turns at the



ICE speed times this down speed ratio, shown as a solid intersection (blue) bar 1804 on the

carrier axis. The ring is connected to the output of the CVP and is thus turning at a speed

included between the ICE speed times the minimum ratio of the CVP times the up-speed ratio

(ICE*CVP_UpSpeed*CVP min ratio) and the ICE speed times the maximum speed ratio of the

CVP times the up-speed ratio (ICE*CVP_UpSpeed*CVP max ratio). This speed interval 1805 is

shown (in red) on the ring axis.

[00192] In the forward mode, the green interval 1806a (on the bottom left) shows the

speed achievable by the sun depending on the variator speed ratio. A minimum speed ratio in the

variator brings the sun speed to its maximum reverse speed 1806c (in this mode) while the

maximum speed ratio in the CVP brings the sun speed to its maximum reverse speed. The green

dotted (diagonal) line 1807 shows the limits achievable.

[00193] This mode is a power split mode, meaning that there are multiple power paths that

will be used at the same time. A part of the power will flow through the CVP, the planetary ring,

planet and going out through the sun while a certain amount of the power will directly flow

through the carrier, planets and sun of the planetary.

[00194] In the reverse mode, the carrier is decoupled from the ICE, by opening a clutch,

and the planetary is locked in a 1 to 1 ratio. The speeds achieved at the CVP output, on the ring

of the planetary are thus also the speeds achieved by the carrier and the sun. The output range is

shown in orange on the sun axis. The design is made so that the maximum reverse speed of the

forward mode corresponds to the minimum speed of the reverse mode, allowing synchronous

shifts. However, a slight change in the gear ratios might provide overlap between the two modes

or even gap if this is needed for a specific reason.

[00195] As described previously, FIG. 19 shows a layout for this configuration

(Configuration 5, Layout 1). The view is taken from the side of the vehicle. The input is always

linked to an up-speed ratio 1 going to the CVP 1904 and to the first member of the input coupling

clutch 1905 (to engage the "forward mode"). The CVP output is linked to the ring of the

planetary 1903. A clutch 1906 allows coupling the carrier and the ring of the planetary 1903 to

engage the direct reverse mode. This clutch 1906 has to engage two elements of the planetary to

lock it in a 1:1 ratio; however, the choice of these two elements is not fixed and might be

changed. The carrier of the planetary 1903 is linked to the down-speed ratio 1902 and might thus

be connected to the ICE when the clutch 1905 is engaged. The sun of the planetary 1903 is

connected to the output of the transmission.



Configuration 6, Layout 1 - F13-39 Config. 2

[00196] Provided herein is a variable transmission 2200 as illustrated in FIG. 22

comprising: an input shaft 2210 comprising a first gear 2201a of a first gear set 2201 and coupled

to a first portion 2205a of a first clutch 2205; the first gear set comprising the first gear 2201a

and a second gear 2201b; a variator 2204 comprising a first ring 2204a assembly drivingly

engaged to the second gear 2201b, and a second ring assembly 2204b coupled to a ring gear

2203a of a planetary gear set 2203 and coupled to a second portion 2206a of a second clutch

2206; the planetary gear set 2203 comprising the ring gear 2203a, a carrier 2203b coupled to a

third portion 2206b of the second clutch 2206; a set of planet gears 2203cl, 2203c2 drivingly

engaged to the carrier 2203b; and a sun gear 2203d drivingly engaged with the set of planet gears

2203cl, 2203c2, wherein said planetary gear set 2203 is a coupling planetary gear set; and a

second gear set 2202 comprising a third gear 2202a drivingly engaged to the carrier 2203b, and a

fourth gear 2202b coupled to a fourth portion 2205b of the first clutch 2205, and the sun gear

2203d is mechanically coupled to a fifth gear 2207, of a third gear set 2207 comprising the fifth

gear 2207a and a sixth gear 2207b wherein said fifth gear 2207a is drivingly engaged to the sixth

gear 2207b which is mechanically coupled to a differential 2208.

[00197] This configuration, as illustrated in FIG. 20, is based on a dual mode solution,

each mode being selected by closing a clutch/brake and releasing the other. The forward (direct)

mode is a direct CVP mode, activated by locking the planetary with a clutch incorporated in it.

The reverse mode, (also providing low forward speeds) is composed of an input coupling

planetary gear set (R, C, S; for Ring, Carrier and Sun) that combines input from the ICE and

from the CVP into an IVT output. The CVP is connected to the ring of the planetary on one side

and to the ICE through an up-speed ratio on the other side. This up-speed ratio tends to increase

the speeds and decrease the torque acting on the CVP, allowing decreasing the variator size. The

ICE is also connected to the carrier through a down-speed ratio in the reverse mode. It has to be

noted that the naming of the modes as Forward and Reverse is arbitrarily made, in this case, the

reverse mode also provide low forward speeds as well as a powered neutral. However, as this

mode covers the whole reverse speed range it has been named Reverse.

[00198] The central part of that configuration is the variator described previously in the

specification, and functions in the same way.

[00199] The speed diagram of the planetary gearset of this sixth configuration is illustrated

in FIG. 21. The three horizontal axes represent respectively, from the bottom to the top, the sun

rotation speed 2101, the carrier rotation speed 2102 and the ring rotation speed 2103.



[00200] In the reverse mode, the carrier is linked to the ICE through a down speed ratio

and then turns at the ICE speed times this down speed ratio, shown as a solid (blue) bar 2104 on

the carrier axis. The ring is connected to the output of the CVP and is thus turning at a speed

included between the ICE speed times the minimum ratio of the CVP times the up-speed ratio

(ICE*CVP_UpSpeed*CVP min ratio) and the ICE speed times the maximum speed ratio of the

CVP times the up-speed ratio (ICE*CVP_UpSpeed*CVP max ratio). This speed interval 2105 is

shown (in red) on the ring axis.

[00201] In the reverse mode, the solid (green) interval (on the left) 2106a shows the speed

achievable by the sun, depending on the variator speed ratio. A minimum speed ratio in the

variator brings the sun speed to its maximum forward speed (in this mode) while the maximum

speed ratio in the CVP brings the sun speed range 2106b to its maximum reverse speed 2106c.

The diagonal (green) dotted line 2107 shows the limits achievable. It has to be noted that reverse

speeds are on the left, while forward speeds are on the right, this is due to the fact that a ratio - 1

is incorporated in the configuration, after the planetary gear set. This - 1 ratio might be added

before it and the reverse mode would then be shown on the right.

[00202] This mode is a power split mode, meaning that there are multiple power paths that

will be used at the same time. A part of the power will flow through the CVP, the planetary ring,

planet and going out through the sun while a certain amount of the power will directly flow

through the carrier, planets and sun of the planetary.

[00203] In the forward mode, the carrier is decoupled from the ICE, by opening a clutch,

and the planetary is locked in a 1 to 1 ratio. The speeds achieved at the CVP output, on the ring

of the planetary are thus also the speeds achieved by the carrier and the sun. The output range is

shown in orange on the sun axis. The design is made so that the maximum forward speed of the

reverse mode corresponds to the minimum speed of the forward mode, allowing synchronous

shifts. However, a slight change in the gear ratios might provide overlap between the two modes

or even gap if this is needed for a specific reason.

[00204] It might be noted that this configuration is the same as the previous one, at the

exception of the - 1 ratio. The choice of one or another configuration will depend on the

application and the requirements. One will give better performance in one direction, or better

efficiencies, the other configuration will provide the opposite.

[00205] FIG. 22 shows a layout for this configuration (Configuration 6, Layout 1). The

view is taken from the side of the vehicle. The input is always linked to the up-speed ratio 2201

going to the CVP 2204 and to the first member of the input coupling clutch 2205 (to engage the

"reverse mode"). The CVP output is linked to the ring of the planetary 2203. A clutch 2206



allows coupling the carrier and the ring of the planetary to engage the direct forward mode. This

clutch 2206 has to engage two elements of the planetary to lock it in a 1:1 ratio; however, the

choice of these two elements is not fixed and might be changed. The carrier of the planetary 2203

is linked to the down-speed ratio 2202 and might thus be connected to the ICE when the clutch

2205 is engaged. The sun of the planetary 2203 is connected to the output of the transmission

through a - 1 ratio 2207.

Configuration 7, Layout 1 - F13-39 Config. 3

[00206] Provided herein is a variable transmission, as illustrated in FIG. 25, comprising:

an input shaft 2510 comprising a first gear 2501a of a first gear set 2501 coupled to a first portion

2505a of a first clutch 2505 and a second gear 2502a of a second gear set 2502 coupled to a

second portion 2505b of said first clutch 2505; the first clutch 2505 comprising a first portion

2505a and a second portion 2505b; the first gear set 2501 comprising the first gear 2501a and a

third gear 2501b; the second gear set 2502 comprising the second gear 2502a and a fourth gear

2502b; a variator 2504 comprising a first ring assembly 2504a drivingly engaged to the third

gear 2501b, and a second ring assembly 2504b coupled to a common sun gear 2507 of a

compound planetary gear set 2503; the compound planetary gear set 2503 comprising the

common sun 2507, a second set of planet gears 2503bl, 2503b2, coupled to a second carrier

2509, said second carrier 2509 coupled to a third portion 2506a of a second clutch 2506, wherein

a fourth portion 2506b of said second clutch 2506 is fixed to ground; a first set of planet gears

2503cl, 2503c2, coupled to a first carrier 2508, wherein said first carrier 2508 is drivingly

engaged to the fourth gear 2502b of said second gear set 2502, and said common sun 2507 is

drivingly engaged to the second set of planet gears 2503b 1, 2503b2 and the first set of planet

gears 2503cl, 2503c2, and wherein said second set of planet gears and said first set of planet

gears are drivingly engaged to the ring gear 2503d, wherein said compound planetary gear set

2503 is a coupling planetary gear set; and the ring gear 2503d is mechanically coupled to a

differential 2520.

[00207] As previously described, FIG. 25 shows the layout for this seventh configuration

(Configuration 7, Layout 1). The view is taken from the side of the vehicle. The input is always

linked to the up-speed ratio 2501 going to the CVP 2504 and to the first member of the input

coupling clutch 2505 (to engage the "reverse mode"). The CVP output is linked to the sun 2507

of the compound planetary 2503 (sun common for both planes of gears). A clutch 2506 allows

braking of the second carrier 2509 to engage the direct forward mode. The first carrier 2508 of

the planetary 2503 is linked to the down-speed ratio 2502 and might thus be connected to the ICE



when the clutch 2505 is engaged, engaging the input coupling mode (reverse mode). The ring of

the planetary 2503 is connected to the output of the transmission 2520.

[00208] This configuration, as illustrated in FIG. 23, is based on a dual mode solution,

each mode being selected by closing a clutch/brake and releasing the other. The configuration

also includes a compound planetary gear set. In each of the modes, the compound planetary gear

set is acting as a simple planetary, one of its plane of gears being left free to turn. The forward

mode is a direct CVP mode, engaged by locking the second carrier 2509 to the ground; the

planetary thus acting as a simple gear ratio.

[00209] The reverse mode (also providing low forward speeds) is engaged by connecting

the carrier of the first plane of gears of the planetary to the ICE, creating an input coupling

planetary (R, CI, S for Ring, Carrier1 and Sun) that combines input from the ICE and from the

CVP into an IVT output on the ring. The CVP is connected to the sun of the planetary on one

side and to the ICE through an up-speed ratio on the other side. This up-speed ratio tends to

increase the speeds and decrease the torque acting on the CVP, allowing decreasing the variator

size. The ICE is also connected to the first carrier 2508 through a down-speed ratio in the reverse

mode. It has to be noted that the naming of the modes as Forward and Reverse is arbitrarily

made, in this case, the reverse mode also provides low forward speeds as well as a powered

neutral. However, as this mode covers the whole reverse speed range it has been named Reverse.

[00210] The central part of that configuration is the variator described previously in the

specification, and functions in the same way.

[00211] The speed diagram of the compound planetary gearset of this seventh

configuration is illustrated in FIG. 24. The four horizontal axes represent respectively, from the

bottom to the top, the sun rotation speed 2401, the first carrier rotation speed 2402, the second

carrier rotation speed 2403, and the ring rotation speed 2404.

[00212] In the reverse mode, the first carrier is linked to the ICE through a speed ratio and

then turns at the ICE speed times the carrier ratio, shown as a solid (blue) bar 2405 on the carrier

1 axis. The sun is connected to the output of the CVP and is thus turning at a speed included

between the ICE speed times the minimum ratio of the CVP times the up-speed ratio

(ICE*CVP_UpSpeed*CVP min ratio) and the ICE speed times the maximum speed ratio of the

CVP times the up-speed ratio (ICE*CVP_UpSpeed*CVP max ratio). This speed interval 2406 is

shown on the lower left (in red) on the sun axis.

[00213] In the reverse mode, the solid (green) interval 2407 on the left side of the ring axis

shows the speed achievable by the ring depending on the variator speed ratio. A minimum speed

ratio in the variator brings the ring speed to its maximum reverse speed while the maximum



speed ratio in the CVP brings the ring speed to its maximum forward speed (in this mode). The

(green) dotted lines 2409a, 2409b (on the left) show the limits achievable.

[00214] This mode is a power split mode, meaning that there are multiple power paths that

will be used at the same time. A part of the power will flow through the CVP, the planetary sun,

planet and going out through the ring while a certain amount of the power will directly flow

through the carrier, planets and ring of the planetary.

[00215] In the forward mode, the carrier is decoupled from the ICE, by opening a clutch,

and the carrier is coupled to the ground through a second clutch. The speeds achieved at the CVP

output, on the sun of the planetary are thus multiplied by a speed ratio and applied to the ring.

The output range is shown in solid (orange) line 2408 on the right side of ring axis. The

maximum speed ratio of the CVP brings the ring to its maximum speed, while the minimum

speed ratio brings it to the minimum forward speed of that mode (which is the same as the max

forward speed of the "reverse" mode).

[00216] The design is made so that the maximum forward speed of the reverse mode

corresponds to the minimum speed of the forward mode, allowing mode shifts without speed gap

or overlap. However, a slight change in the gear ratios might provide overlap between the two

modes or even a gap if this is needed for a specific reason. Additionally, it has to be noted that

the shift speed is achieved in the reverse mode by the max speed ratio of the CVP and in the

forward mode by the min speed ratio of the CVP. A speed ratio change has thus to occur in the

CVP and the shift is not called synchronous as some elements will have to change their speed to

be able to shift mode.

[00217] As described previously, FIG. 25 shows a layout for this seventh configuration

2500 (Configuration 7, Layout 1). The view is taken from the side of the vehicle. The input

2510 is always linked to the up-speed ratio 2501 going to the CVP 2504 and to the first member

of the input coupling clutch 2505 (to engage the "reverse mode"). The CVP output is linked to

the sun 2507 of the compound planetary 2503 (sun common for both planes of gears). A clutch

2506 allows braking of the second carrier 2509 to engage the direct forward mode. The first

carrier 2508 of the planetary 2503 is linked to the down-speed ratio 2502 and might thus be

connected to the ICE when the clutch 2505 is engaged, engaging the input coupling mode

(reverse mode). The ring of the planetary 2503 is connected to the output of the transmission

2520.

Configuration 8, Layout 1 - F14-11 Config. 1

[00218] Provided herein is a variable transmission 2800, as illustrated in FIG. 28,

comprising: an input shaft 2810 comprising a first gear 2807a of a first up-speed gear set 2807



drivingly engaged to a second gear 2807b on an offset shaft, said first up-speed gear ratio set

2807 comprising the first gear 2807a and the second gear 2807b; wherein the second gear 2807b

is coupled to a third gear 2808a of a second gear set 2808 along the offset shaft, comprising the

third gear 2808a and a fourth gear 2808b, wherein the third gear 2808a is drivingly engaged to a

first ring assembly 2806a of a variator 2806 disposed about the offset shaft, which in turn is

coupled to a second ring assembly 2806b that is coupled to a third gear ratio 2809 comprising a

fifth gear 2809a and a sixth gear 2809b), wherein the fifth gear 2809a is drivingly engaged to the

sixth gear 2809b which is coupled to a sun gear 2802 of a planetary gear set 2805, the planetary

gear set 2805 comprising the sun 2802, a set of planet gears 2804, coupled to a carrier 2803 and a

ring gear 2801 is a coupling planetary: The carrier 2803 is linked to the ICE through the fourth

gear 2808b of the second gear set 2808. The ICE down-speed ratio is thus the product of the

gear ratios 2807 and 2808. The ring 2801 of the planetary gear set 2805 is mechanically coupled

to a differential (2820) of the transmission.

[00219] As previously described, FIG. 28 shows the layout for this eighth configuration

(Configuration 8, Layout 1). The view is taken from the side of the vehicle. The input 2810 is

linked to an up-speed ratio 2807 used to increase the speed at the entrance of the CVP 2806. The

carrier 2803 of the planetary 2805 is linked to the ICE 100 through a second gear ratio 2808. The

ICE down-speed ratio is thus the product of two gear ratios 2807 & 2808 in this layout. The

output of the CVP 2806 is linked to the sun 2802 of the planetary 2805. The ring 2801 of the

planetary 2805 is linked to the output 2820 of the transmission.

[00220] This configuration is a power split configuration, meaning that there are multiple

power paths that will be used at the same time. A part of the power will flow through the CVP

2806, the planetary sun 2802, planets 2804 and going out through the ring 2801, while a certain

amount of the power will directly flow through the carrier 2803, planets 2804 and ring 2801 of

the planetary. In addition to that, the closed loop present in the configuration will allow some

power to recirculated, degrading the efficiency for certain ratios (ratios giving negative speeds on

the ring).

[00221] This configuration as illustrated in FIG. 26 is based on an input coupling

planetary (R C S for Ring, Carrier and Sun) that combines input from the ICE and from the CVP

into a symmetrical output. The CVP is connected to the sun of the planetary through a down-

speed ratio on one side and to the ICE through an up-speed ratio on the other side. This up-speed

ratio tends to increase the speeds and decrease the torque acting on the CVP, allowing a decrease

in the variator size.



[00222] The central part of that configuration is the variator described previously in the

document. A ball ramp on each side of the variator provides the clamping force necessary to

transfer the torque. Thanks to the planetary, the configuration uses only a CVP and is able to

provide standstill and reverse function as an IVP. No starting device like a slipping clutch or

torque converter is required, since the IVP capability takes care of the starting function.

However, these devices might be added to allow a safety disconnect or to start the engine. The

ratio after the planetary is there to ensure that the maximum speeds and torques of the vehicle are

still achieved.

[00223] As illustrated in FIG. 27, the speed diagram of the planetary gearset, the three

horizontal axes represent respectively, from the bottom to the top, the sun rotation speed 2701,

the carrier rotation speed 2702 and the ring rotation speed 2703. The carrier is linked to the

ICE*a down-speed ratio and then always turns at the ICE speed*down-speed ratio, shown as a

solid (blue) bar 2704 on the carrier axis. The sun is connected to the output of the CVP and is

thus turning at a speed included between the ICE speed times the minimum ratio of the CVP

times the up-speed ratio times the down-speed ratio and the ICE speed times the maximum speed

ratio of the CVP times the up-speed ratio times the down-speed ratio. This speed interval is a

solid line 2705, on the right side of the Sun axis.

[00224] The solid (green) interval 2706 shown on the Ring axis shows the speed

achievable by the ring depending on the variator speed ratio. A minimum speed ratio in the

variator brings the ring speed to its maximum forward speed while the maximum speed ratio in

the CVP brings the ring speed to its maximum reverse speed. The (blue) dotted lines 2707a,

2707b show the limits achievable. It can be observed that the amount of positive speeds

achievable with that configuration is the same, or similar to the reverse speeds.

[00225] This configuration is a power split configuration, meaning that there are multiple

power paths that will be used at the same time. A part of the power will flow through the CVP,

the planetary sun, planet and going out through the ring while a certain amount of the power will

directly flow through the carrier, planets and ring of the planetary. In addition to that, the closed

loop present in the configuration will allow some power to recirculated, degrading the efficiency

for certain ratios (ratios giving negative speeds on the ring).

[00226] Within this document is a new IVT configuration based on principle of using a

planetary connected to the ICE and the CVP to allow powersplitting. An example of layout is

shown but the invention is not restricted to this example and it is assumed that all the layouts that

perform similarly to the speed diagrams and generic layouts are part of the invention as well.



[00227] This configuration allows having a better efficiency in one part of the output

range, typically forward, due to the powersplitting. Additionally, these configurations and their

different layouts provide a powered neutral ratio. The spread given through them is sufficient to

allow the engine to operate at more optimal points, providing an improved fuel economy, while

keeping the same operating speeds.

[00228] The configuration typically provides a symmetrical range of positive and negative

speeds, a feature that is present in many applications such as forklifts. However, modifications of

ratios in the gears and planetary gear sets would provide different forward and reverse speeds,

allowing the use of this configuration in different applications.

[00229] This physical implementation is only an example, and this disclosure should not

be restricted only to this example. One skilled in the art would see that variants of this layout

might be used to achieve the same speed diagram while keeping the same working principle.

[00230] Configuration 9, Layout 1

[00231] Provided herein is a variable transmission 3100, comprising a first stage

comprising; an input shaft 3101, a first gear set 3140 comprising a first gear 3141, a second gear

3142 and a countershaft 3143, wherein the first gear 3141 is drivingly engaged to the input shaft

3101 and drivingly engaged to the second gear 3142, and wherein the second gear is drivingly

engaged to the countershaft 3143; a variator 3160 comprising a first ring assembly 3161

drivingly engaged to the countershaft 3143, a second ring assembly 3162 drivingly engaged to a

third gear 3171 of a second gear set 3170, wherein said variator 3160 is disposed on the

countershaft 3143; the second gear set 3170 comprising the third gear 3171 drivingly engaged to

a fourth gear 3173, wherein the fourth gear is drivingly engaged to a planetary output shaft 3172

that is drivingly engaged to a sun gear 3152 of a planetary gear set 3150; and the planetary gear

set 3150 comprising a carrier 3153, the sun gear 3152, a set of planet gears 3154, and a ring gear

3155, wherein the sun gear 3152 is drivingly engaged to the set of planet gears 3154, wherein the

carrier 3153 is coupled to the input shaft 3101, wherein the set of planet gears 3154 are drivingly

engaged to the ring gear 3155, wherein the ring gear 3155 is drivingly engaged to a second stage

comprising; a forward/reverse mechanism 3200/3300, wherein the second stage forward/reverse

mechanism is mechanically coupled to a transmission output 3180.

[00232] As illustrated in FIG. 29, this transmission is based on an input-coupled planetary

(R, C, S, for Ring, Carrier and Sun) that combines input from the ICE and from the CVP. The

CVP is connected to the sun of the planetary directly or optionally through a down-speed ratio on

one side and to the ICE directly or by an up-speed ratio on the other side. This up-speed ratio

increases the speeds and decreases the torque acting on the CVP, resulting in a smaller variator



size. Additionally, this transmission includes a secondary directional clutch stage, which consists

of two clutches for forward and reverse driving.

[00233] The main component of this transmission is the variator 3160 described

previously in the document. A ball ramp on each side of the variator provides the clamping force

necessary to transfer the torque. Due to the planetary, the transmission is able to provide

standstill and reverse function as an IVP. No starting device like a slipping clutch or torque

converter is required, since the IVP capability handles the starting function. However, these

devices could be added to allow a safety disconnect or to start the engine. A gear ratio after the

planetary is used to achieve the maximum speeds and torques of the vehicle. The output of the

transmission is made on the outer (i.e. ring) element 3155 of the planetary.

[00234] A primary difference in this transmission compared to previously described

transmissions, is that the powersplit configuration alone does not cover the entire vehicle speed

range. As shown in the speed diagram, the powersplit layout will cover only one half of the speed

range (forward or reverse) and the other half will be covered by engaging one of the directional

clutches of the secondary Forward / Reverse mechanism. Unlike other configurations, the

secondary Forward / Reverse mechanism requires two clutches and related hydraulic

components; e.g.: pump, filter, valve, etc.

[00235] In some embodiments, the variable transmission comprises an infinitely variable

mode.

[00236] In some embodiments, the first gear set 3140 is an up-speed gear set. In some

embodiments, an output speed of said first gear set is greater than an input speed of the input

shaft.

[00237] In some embodiments, the planetary gear set 3150 is a coupling planetary gear set,

wherein the output shaft 3172 is coupled to the sun 3152 and the input shaft 3101 is coupled

through the carrier 3153 of the planetary gear set.

[00238] In some embodiments, a first part of the power from a power source will pass

through the variator 3160, the sun 3152, the set of planet gears 3154, the ring gear 3155, and a

second part of the power will pass directly through the carrier 3153, the set of planet gears 3154,

and the ring gear 3155.

[00239] In some embodiments, the carrier turns at the same speed as an input speed of the

input shaft. However, this is not necessarily the case for all potential configurations. In some

cases the transmission may have a non-unity ratio, if desired which would result in the carrier

turning at a different speed.



[00240] In some embodiments, the sun gear turns at a speed range between a speed of the

input shaft multiplied by a minimum speed ratio of the variator multiplied by ratios of the first

gear set and the second gear set, and the speed of the input shaft multiplied by a maximum speed

ratio of the variator multiplied by the ratios of the first gear set and the second gear set.

[00241] In some embodiments, a power output going to the forward / reverse mechanism

from the ring gear can go from forward direction to reverse direction through standstill thereby

providing an infinitely variable mode.

[00242] In some embodiments, the variator is connected to the sun through a speed ratio of

the second gear set on one side of the variator and connected to the input shaft through a speed

ratio of the first gear set on the other side of the variator.

[00243] In some embodiments, a first gear set ratio of the first gear set causes the variator

to turn the opposite direction of the input shaft, wherein the second gear set ratio of the second

gear set causes the output of the variator to turn in the same direction as the input shaft.

[00244] In some embodiments, an up-speed ratio of the first gear set increases the speeds

acting on the variator. In some embodiments, an up-speed ratio of the first gear set decreases the

torque acting on the variator.

[00245] As illustrated in FIG. 30, the speed diagram of the planetary gearset, the three

horizontal axes represent respectively, from the bottom to the top, the sun rotation speed 3001,

the carrier rotation speed 3002 and the ring rotation speed 3003. The carrier rotates at (ICE times

an optional carrier-speed ratio), shown at 3004 on the carrier axis. The sun is connected to the

output of the CVP and is thus turning at a speed between the ICE speed times the minimum ratio

of the CVP) times the up-speed ratio times an optional down-speed ratio, 3007a, and the ICE

speed times the maximum ratio of the CVP) times the up-speed ratio times an optional down-

speed ratio, 3007b.. This speed interval is shown at 3005 on the sun axis.

[00246] As a result of the planetary configuration, the ring (i.e. output) rotates in the speed

interval shown at 3006a, depending on the variator speed ratio. If the Forward clutch is engaged,

a maximum speed ratio of the CVP corresponds to slightly negative speed at the output while a

minimum speed ratio in the CVP brings the IVT mode to its largest positive speed.

[00247] The second stage of the transmission (Forward / Reverse mechanism), comprises

two simple directional clutches to select forward or reverse. Engaging the reverse clutch will

mirror the 3006a interval, for the reverse region, as shown at 3006b on the speed diagram. A

small overlap around zero speed is intentionally introduced in order to synchronize the speeds of

all components during braking & directional shifts.



[00248] This configuration is a power split configuration, meaning that the power will

flow through multiple paths simultaneously. A part of the power will flow through the CVP

(variable path), the planetary sun, planets and going out through the ring while a certain amount

of the power will directly flow through the carrier, planets and ring of the planetary (mechanical

path). In addition to that, the closed loop present in the configuration will allow some power to

be recirculated, allowing for example a powered neutral functionality

[00249] In some embodiments, the second stage forward / reverse mechanism comprises a

planetary gear set, 3200. As illustrated in FIG. 32, the second stage planetary gear set comprises

a sun gear 3252, a first set 3254P1 and a second set 3254P2 of planetary gears, a carrier 3253, a

ring gear 3251, a forward directional clutch 3255, a reverse directional clutch 3256 and an output

shaft 3280, wherein the sun gear 3252 is mounted on the output shaft 3280 and is drivingly

engaged to the first set of planetary gears 3254P1 which are drivingly engaged to the second set

of planetary gears 3254P2, wherein the carrier 3253 is coupled to a reverse directional clutch

3256 on one side of the planetary gear set and wherein the second set of planetary gears 3254P2

are drivingly engaged to the second stage planetary ring gear 3251 which is coupled to a forward

directional clutch 3255 on the other side of the planetary gear set, wherein the second stage

planetary ring gear 3251 is driven by the ring gear 3155 of the coupling planetary gear set 3150,

and wherein the output shaft 3280 is coupled to the transmission output, such as a differential and

axle.

[00250] When none of the clutches are engaged, components on output shaft 3280 can

rotate freely and no torque is transferred to any component of the drive train such as the

differential or the wheels. This condition can be used for disconnect functionality (e.g. towing).

[00251] When clutch (FWD) 3255 is closed, ring gear (R) 3251 is connected to output

shaft (O) 3280, which rotates at a speed corresponding to the selected gear diameters. Input shaft

(D) 3101 and output shaft (O) 3280 have opposite directions of rotation, providing a positive

gear ratio.

[00252] When clutch (REV) 3256 is closed, carrier (C) 3253 is grounded. The compound

planets 3254P1 and 3254P1 are driven by the internal gear of ring (R) 3251 and drive sun (S)

3252, which is mounted on output shaft (O) 3280. Due to the geometry of the planetary gear set,

sun 3252 and ring 3251 will have opposite directions of rotation, causing input shaft 3101 and

output shaft 3280 to have identical directions of rotation, providing a negative gear ratio. A

negative ratio of - 1 may be obtained by selecting gear ratios for sun, planets and ring which

comply with following equation:

. , where i represents the number of teeth of gear i .



[00253] Alternatively, as illustrated in FIG. 33, in some embodiments, the second stage

forward / reverse mechanism 3300 comprises a forward gear 3351, a reverse gear 3352, a first

idler gear 3353, a second idler gear 3354, an idler shaft 3357, a forward directional clutch 3355,

a reverse directional clutch 3356 and an output shaft 3380, wherein the forward gear 3351 is

mounted on the output shaft 3380 and drivingly engaged by the ring gear 3155 of the coupling

planetary gear set (not shown), wherein the forward gear 3351 is coupled to a forward directional

clutch 3355 on one side of the second stage forward / reverse mechanism 3300, the first idler

gear 3353 is mounted on the idler shaft 3357 and drivingly engaged to the ring gear 3155,

wherein the second idler gear 3354 is driven on the idler shaft 3357 and drivingly engaged to the

reverse gear 3352 mounted about the output shaft 3380 and coupled to a reverse directional

clutch 3356 on the other side of the second stage forward / reverse mechanism 3300, and wherein

the output shaft 3380 is coupled to the transmission output, such as a differential and axle.

[00254] The illustrative mechanism comprises an input shaft (D) 3101, an output shaft (O)

3380 and an idler shaft (I) 3357. The output shaft further comprises spur gears (F) 3351 and (R)

3352 mounted on a hollow shaft concentric with output shaft (O) 3380, and clutches (FWD)

3355 and (REV) 3356. Idler shaft (I) 3357 comprises spur gears (il) 3353 and (i2) 3354.

[00255] It is also noted that although the side view of FIG. 33 shows the idler shaft at the

bottom, as if it would only mesh with the output shaft, it also meshes with the input shaft. This

can be seen on the front view of FIG. 33. On the side view, the dotted line indicates that input

shaft (D) meshes with spur gear (il).

[00256] When combined with any of the other CVP gearboxes described herein, the input

shaft (D) is driven by the output of said gearbox.

[00257] As with the alternative Planetary Gear Forward / Reverse mechanism, when none

of the clutches are closed, all components on output shaft and idler shaft are able to rotate freely

and no torque is transferred to any further components of the drive train such as the differential

or the wheels.

[00258] When FWD clutch 3355 is closed, spur gear (F) 3351 is connected to output shaft

(O) 3380. Input shaft (D) 3101 and output shaft (O) 3380 have opposite directions of rotation,

providing a positive gear ratio.

[00259] When REV clutch 3356 is closed, spur gear (R) 3352 is connected to output shaft

(O) 3380, and is driven by input shaft (D) 3101 through spur gears (il) 3353 and (i2) 3354.

Input shaft (D) 3101 and output shaft (O) 3380 have identical directions of rotation, providing a

negative gear ratio. A negative ratio of - 1 may be obtained by selecting gear ratios which comply

with the following equation:



_ ' , where n, represents the number of teeth of gear i .
i

[00260] In some embodiments, the first stage of the transmission produces a speed range

between a small negative speed and a maximum positive speed.

[00261] In some embodiments, the second stage forward / reverse mechanism produces

maximum reverse speeds by mirroring the asymmetrical speed range of the first stage.

[00262] In some embodiments, the gear ratio of the second stage forward / reverse

mechanism can be changed to reduce the maximum forward and reverse speeds.

[00263] In some embodiments, the variable transmission further comprises a torsional

damper, wherein said torsional damper is located between an input power source and the variator

to avoid or reduce transferring torque peaks and vibrations from the input power source to one or

more of the input shaft, the first gear set, the variator, the second gear set, and the planetary gear

set.

[00264] In some embodiments, the torsional damper is coupled with a clutch.

[00265] This IVT configuration is based on the principle of using a planetary gear set

connected to the power source; a CVP to allow powersplit function; and directional clutches to

determine the output direction. An example layout is shown but the invention is not restricted to

these examples, as would be clear to one skilled in the art upon viewing this disclosure, and it is

assumed that all layouts that perform similarly to the speed diagrams and generic layouts as

described herein are part of the invention as well.

[00266] As described herein, the directional shift mechanism can be added to the output of

each single- or multi-mode powersplit IVT design. Gear ratios and the RTS (Ring-to-Sun) ratio

of the planetary gearset need to be adjusted to cover only half of the speed range (either forward

or reverse), with some additional overlap on the other direction (to allow synchronization during

a direction change). The amount of overlap can be adjusted depending on vehicle requirements.

[00267] The configurations with directional shift mechanism as described herein will

consist of two main stages. The first stage is a single- or multi-mode powersplit gearbox while

the second stage corresponds to two directional clutches for the forward and reverse. The

direction selection in the second stage is made by engaging one of the two directional clutches

while releasing the other.

[00268] The powersplit functionality is maintained in these layouts which will provide

improved efficiency. Additionally, these configurations still provide a powered neutral ratio,

which is a typical requirement in Off Highway applications. Advanced controls on the CVP

device allow the engine to operate at optimal zones, providing better fuel economy.



[00269] This directional shift configuration provides the advantage of synchronization

during a directional shift from forward to reverse, or vice versa, by slipping one or two of the

clutches. To enable this synchronization, the overlap (at both sides, F and R) around zero speed

can be configured as required. The clutch control is also applicable for braking in order to

dissipate energy in the transmission and to control the desired deceleration. Furthermore, these

clutches can also be used as a torque limiter. The clutch components can be designed so that in

case of excessive torques, the clutch plates can start slipping, limiting the torque on the CVP and

other transmission components, protecting the variator and improving durability/life of said

components. Additionally these clutches can also provide the functionality of "disconnect" on the

output side, by disengaging both clutches and allowing free rotation. By providing all these

functionalities with the clutches, there will be no more need for additional components for

braking, safety disconnect and torque fuse.

[00270] The operational trade-off between the earlier configurations and the last

configurations introduced here with a directional stage is mainly complexity (cost &

mechanical/physical constraints) vs. CVP size (operating torques), better efficiency, and

additional functionalities (towing, braking etc.).

[00271] While preferred embodiments of the present invention have been shown and

described herein, it will be obvious to those skilled in the art that such embodiments are provided

by way of example only. Numerous variations, changes, and substitutions will now occur to

those skilled in the art without departing from the invention. It should be understood that various

alternatives to the embodiments of the invention described herein may be employed in practicing

the invention. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby.



CLAIMS

WHAT IS CLAIMED IS:

1. A variable transmission comprising:

an input shaft;

a first planetary gear set comprising a first carrier drivingly engaged to the input

shaft, a first sun gear drivingly engaged to a first set of planet gears which are engaged to a first

ring gear, wherein the first ring gear is fixed to a first casing of the first planetary gear set, and

wherein a first ring assembly of a variator is drivingly engaged to the first sun of the first

planetary gear set;

the variator comprising the first ring assembly and a second ring assembly that is

drivingly engaged to a second sun gear of a second planetary gear set; and

the second planetary gear set comprising the second sun that is drivingly engaged

to a second set of planet gears, and a second carrier coupled to the input shaft, wherein the

second set of planet gears is drivingly engaged to a second ring gear of the second planetary gear

set, and wherein said second ring gear is mechanically coupled to a differential.

2 . The variable transmission of claim 1, comprising an infinitely variable mode.

3 . The variable transmission of claim 1, wherein the first planetary gear set is an up-

speed planetary gear set.

4 . The first planetary gear set of claim 3, wherein an output of speed of said first

planetary gear set is greater than an input shaft speed of the input shaft.

5 . The variable transmission of claim 1, wherein the second planetary gear set is a

coupling planetary gear set, wherein an output of the variator is coupled to the second sun and

coupled to the input shaft through the second carrier.

6 . The variable transmission of claim 1, wherein a first part of power from a power

source will pass through the variator, the second planetary sun, second set of planet gears and

second ring gear, and a second part of the power will pass directly through the second planetary

carrier, second set of planet gears and second ring gear.

7 . The variable transmission of claim 1, wherein the second carrier turns at the same

speed as the input shaft.

8. The variable transmission of claim 1, wherein the second sun gear turns at a speed

range between

a speed of the input shaft multiplied by a minimum speed ratio of the variator

multiplied by an up-speed ratio of the first planetary gear set and



the speed of the input shaft multiplied by a maximum speed ratio of the variator

multiplied by the up-speed ratio of the first planetary gear set.

9 . The variable transmission of claim 1, wherein a power output going to the

differential from the second ring can go from a forward direction to a reverse direction through

standstill thereby providing an infinitely variable mode.

10. A variable transmission comprising :

an input shaft:

a first gear set comprising a first gear drivingly engaged to the input shaft, a

countershaft, a second gear, a third gear and a fourth gear, wherein the first gear is drivingly

engaged to the second gear, wherein the second gear is drivingly engaged to the countershaft, the

third gear is drivingly engaged to the countershaft and to the fourth gear;

a variator comprising a first ring assembly that is drivingly engaged to the fourth

gear, and a second ring assembly that is drivingly engaged to a sun gear of a planetary gear set;

and

the planetary gear set comprising the sun gear, a ring gear, a set of planet gears

drivingly engaged to the sun gear, and a carrier coupled to the set of planet gears and to the input

shaft, wherein the set of planet gears are drivingly engaged to the ring gear, and wherein the ring

gear is mechanically coupled to a differential.

11. The variable transmission of claim 10, comprising an infinitely variable mode.

12. The variable transmission of claim 10, wherein the first gear set is an up-speed

gear set.

13. The gear set of claim 1 wherein an output speed of said first gear set is greater

than an input speed of the input shaft.

14. The variable transmission of claim 10, wherein the planetary gear set is a coupling

planetary gear set, wherein an output of the variator is coupled to the second sun gear and to the

input shaft through the carrier of the planetary gear set.

15. The variable transmission of claim 10, wherein a first part of power from a power

source will pass through the variator, the second sun gear, the set of planet gears, and the ring

gear, and a second part of the power will pass directly through the carrier, the set of planet gears,

and the ring gear.

16. The variable transmission of claim 10, wherein the carrier of the planetary gear set

turns at the same speed as the input shaft.

17. The variable transmission of claim 10, wherein the carrier of the planetary gear set

turns within a speed range between



a speed of the input shaft multiplied by an up-speed ratio of the planetary gear set and

the speed of the input shaft multiplied by the up-speed ratio of the planetary gear set.

18. The variable transmission of claim 10, wherein a power output going to the

differential from the ring gear can go from forward direction to reverse direction through

standstill thereby providing an infinitely variable mode.

19. The variable transmission of claim 10, wherein the variator is connected to the

second sun gear directly on one side of the variator and to the input shaft through an up-speed

ratio gear set on the other side of the variator.

20. The variable transmission of either claim 1 or 10, wherein an up-speed ratio gear

set increases speeds acting on the variator.

2 1. The variable transmission of either claim 1 or 10, wherein an up-speed ratio gear

set decreases the torque acting on the variator.

22. The variable transmission of either claim 1 or 10, wherein a minimum speed ratio

in the variator brings a ring speed of the ring gear of the planetary gear set on an output side of

the variator to a maximum forward speed while the maximum speed ratio in the variator brings

the ring speed of the ring gear of the planetary gear set on the output side of the variator to a

maximum reverse speed.

23. The variable transmission of claim 10, further comprising a torsional damper

drivingly connected to an input power source, wherein said torsional damper is located between

the input power source and the variator to avoid or reduce transferring torque peaks and

vibrations from the input power source to one or more of the input shaft, the first gear set, the

variator, and the planetary gear set.

24. The variable transmission of claim 1, further comprising a torsional damper

drivingly connected to an input power source, wherein said torsional damper is located between

the input power source and the variator to avoid or reduce transferring torque peaks and

vibrations from the input power source to one or more of the input shaft, the first planetary gear

set, the variator, and the secondary planetary gear set.

25. A variable transmission comprising:

an input shaft:

a first gear set comprising a first gear, a second gear, and a countershaft, wherein

the first gear is drivingly engaged to the input shaft, wherein the first gear is drivingly engaged to

the second gear, and wherein the second gear is drivingly engaged to the countershaft;



a variator comprising a first ring assembly drivingly engaged to the countershaft, a

second ring assembly drivingly engaged to a third gear of a second gear set, wherein said variator

is disposed on said countershaft and the third gear is drivingly engaged to a fourth gear;

the second gear set comprising the third gear, and the fourth gear on an output

shaft that is drivingly engaged to a sun of a planetary gear set; and

the planetary gear set comprising a carrier, the sun gear, a set of planet gears, and

a ring gear, wherein the sun gear is drivingly engaged to the set of planet gears, wherein the

carrier is coupled to the input shaft, wherein the set of planet gears are drivingly engaged to the

ring gear, and wherein the ring gear is mechanically coupled to a differential.

26. The variable transmission of claim 25, comprising an infinitely variable mode.

27. The variable transmission of claim 25, wherein the first gear set is an up-speed

gear set.

28. The gear set of claim 27 wherein an output speed of said first gear set is greater

than an input speed of the input shaft.

29. The variable transmission of claim 25, wherein the planetary gear set is a coupling

planetary gear set, wherein the output shaft is coupled to the sun and the input shaft is coupled

through the carrier of the planetary gear set.

30. The variable transmission of claim 25, wherein a first part of the power from a

power source will pass through the variator, the sun, the set of planet gears, and the ring gear, and

a second part of the power will pass directly through the carrier, the set of planet gears, and the

ring gear.

31. The variable transmission of claim 25, wherein the carrier turns at the same speed

as an input speed of the input shaft.

32. The variable transmission of claim 25, wherein the sun gear turns at a speed range

between

a speed of the input shaft multiplied by a minimum speed ratio of the variator multiplied

by ratios of the first gear set and the second gear set, and

the speed of the input shaft multiplied by a maximum speed ratio of the variator

multiplied by the ratios of the first gear set and the second gear set.

33. The variable transmission of claim 25, wherein a power output going to the

differential from the ring gear can go from forward direction to reverse direction through

standstill thereby providing an infinitely variable mode.



34. The variable transmission of claim 25, wherein the variator is connected to the sun

through a speed ratio of the second gear set on one side of the variator and connected to the input

shaft through a speed ratio of the first gear set on the other side of the variator.

35. The variable transmission of claim 25, wherein a first gear set ratio of the first

gear set causes the variator to turn in the opposite direction of the input shaft, wherein the second

gear set ratio of the second gear set causes the output of the variator to turn in the same direction

as the input shaft.

36. The variable transmission of claim 25, wherein an up-speed ratio of the first gear

set increases the speeds acting on the variator.

37. The variable transmission of claim 25, wherein an up-speed ratio of the first gear

set decreases the torque acting on the variator.

38. The variable transmission of claim 25, wherein a minimum speed ratio in the

variator brings the ring speed of the ring on an output side of the variator to a maximum forward

speed while a maximum speed ratio in the variator brings the ring speed of the ring on the output

side of the variator to a maximum reverse speed.

39. The variable transmission of claim 25, further comprising a torsional damper

drivingly connected to an input power source, wherein said torsional damper is located between

the input power source and the variator to avoid or reduce transferring torque peaks and

vibrations from the input power source to one or more of the input shaft, the first gear set, the

variator, the second gear set, and the planetary gear set.

40. The variable transmission of claim 39, wherein said torsional damper is coupled

with a clutch.

41. A variable transmission comprising :

an input shaft having a first gear and a second gear coupled thereto,

a first gear set comprising the first gear and a third gear, and a first shaft coupled

to the third gear;

a variator comprising a first ring assembly that is drivingly engaged to said third

gear by the first shaft, and a second ring assembly that is drivingly engaged to a sun gear of a

planetary gear set;

the planetary gear set comprising the sun gear, a set of planet gears drivingly

engaged to the sun gear, a ring gear mechanically coupled to a fifth gear on a second shaft and

drivingly engaged to the set of planet gears, a carrier coupled to a fourth gear that is drivingly

engaged to the second gear of a second gear set;

the second gear set comprising the second gear and the fourth gear; and



the second shaft having the fifth gear and a sixth gear coupled thereto, wherein the

sixth gear is mechanically linked to a differential.

42. The variable transmission of claim 41, comprising an infinitely variable mode.

43. The variable transmission of claim 41, wherein the first gear set is an up-speed

gear set.

44. The gear set of claim 4 1 wherein an output speed of said first gear set is greater

than an input speed of the input shaft.

45. The variable transmission of claim 41, wherein the planetary gear set is a coupling

planetary gear set, wherein an output side of the variator is coupled to the sun gear of the

planetary gear set and the input shaft through the second gear set to the carrier of the planetary

gear set.

46. The variable transmission of claim 41, wherein a first part of the power from a

power source will pass through the variator, the sun gear, the set of planet gears, and the ring

gear, and a second part of the power will pass directly through the carrier, the set of planet gears,

and the ring gear.

47. The variable transmission of claim 41, wherein the second gear set is a down-

speed gear set.

48. The variable transmission of claim 41, wherein the carrier is linked to the input

shaft through the second gear set and turns at the same speed as the input shaft multiplied by the

ratio of the second gear set.

49. The variable transmission of claim 41, wherein the sun gear of the planetary gear

set turns at a speed range between

a speed of the input shaft multiplied by a minimum speed ratio of the variator multiplied

by an up-speed ratio of the first gear set and

the speed of the input shaft multiplied by the maximum speed ratio of the variator

multiplied by the up-speed ratio of the first gear set.

50. The variable transmission of claim 41, wherein a power output going to the

differential from the ring gear can go from a forward direction to a reverse direction through

standstill thereby providing an infinitely variable mode.

51. The variable transmission of claim 41, wherein the variator is connected to the sun

through a direct connection on one side of the variator and to the input shaft through a down-

speed ratio on the other side of the variator.

52. The variable transmission of claim 41, wherein the first gear set causes an output

of the variator and the second shaft to turn the opposite direction of the input shaft.



53. The variable transmission of claim 41, wherein an up-speed ratio of the first gear

set increases speeds acting on the variator.

54. The variable transmission of claim 41, wherein the up-speed ratio of the first gear

set decreases torque acting on the variator.

55 . The variable transmission of claim 41, wherein a minimum speed ratio in the

variator brings a ring speed of the ring gear of the planetary gear set to a maximum forward

speed while a maximum speed ratio in the variator brings said ring speed to a maximum reverse

speed.

56. The variable transmission of claim 41, further comprising a torsional damper

drivingly connected to an input power source, wherein said torsional damper is located between

the input power source and the variator to avoid or reduce transferring torque peaks and

vibrations from the input power source to one or more of the input shaft, the first gear set, the

variator, the planetary gear set, the second gear set, and the second shaft.

57. The variable transmission of claim 56, wherein said torsional damper is coupled

with a clutch.

58. A variable transmission comprising:

an input shaft having a first gear coupled thereto:

a first planetary gear set comprising a first carrier drivingly engaged to the input

shaft, a first set of planet gears drivingly engaged to the first carrier, a first sun gear drivingly

engaged to the first set of planet gears, and a first ring gear fixed to a casing of the first planetary

gear set;

a variator comprising a first ring assembly that is drivingly engaged to the first sun

gear, a second ring assembly that is drivingly engaged to an output shaft coupled to a second sun

gear of a second planetary gear set;

the second planetary gear set comprising the second sun gear that is drivingly

engaged to two sets of shared planet gears, a shared carrier that is drivingly engaged to the two

sets of shared planet gears, wherein the carrier is drivingly engaged to a fourth gear and wherein

said second planetary gear set is a compound planetary gear set;

a countershaft having a second gear and a third gear coupled thereto, wherein the

shared carrier is drivingly engaged to the fourth gear which is drivingly engaged to the second

gear, and wherein the third gear is drivingly coupled to the first gear on the input shaft;

wherein the set of shared planet gears are driving engaged to a third sun gear of

the second planetary gear set; and said third sun gear is mechanically coupled to a differential.

59. The variable transmission of claim 58, comprising an infinitely variable mode.



60. The variable transmission of claim 58, wherein the first planetary gear set is an

up-speed gear set.

6 1. The gear set of claim 58 wherein an output speed of said first planetary gear set is

greater than an input shaft speed of the input shaft.

62. The variable transmission of claim 58, wherein the second planetary gear set is a

coupling compound planetary gear set, wherein an output of the variator is coupled to the second

sun gear of the compound planetary gear set and the input shaft through the countershaft through

the first gear, the second gear, and the third gear to the shared carrier of the compound planetary

gear set.

63. The variable transmission of claim 58, wherein a first part of the power from a

power source will pass through the first planetary gear set, the variator, the second sun gear, the

set of shared planet gears and third sun gear, and a second part of the power will pass directly

through the shared carrier, the set of shared planet gears and third sun gear.

64. The variable transmission of claim 58, wherein the first carrier of the first

planetary gear set turns at the same speed as the input shaft.

65. The variable transmission of claim 58, wherein the second sun gear of the second

planetary gear set turns at a speed range between

an input speed of the input shaft multiplied by a minimum ratio of the variator multiplied

by an up-speed ratio of the first planetary gear set and

the input shaft speed multiplied by a maximum speed ratio of the variator multiplied by

the up-speed ratio of the first planetary gear set.

66. The variable transmission of claim 58, wherein a power output going to the

differential from the third sun of the second planetary gear set can go from forward direction to

reverse direction through standstill thereby providing an infinitely variable mode.

67. The variable transmission of claim 58, wherein the variator is connected to the

second sun gear with a direct connection on one side of the variator and to the input shaft through

a down-speed ratio on the other side of the variator.

68. The variable transmission of claim 58, wherein an up-speed ratio of the first

planetary gear set increases speeds acting on the variator.

69. The variable transmission of claim 58, wherein an up-speed ratio of the first

planetary gear set decreases torque acting on the variator.

70. The variable transmission of claim 58, wherein a minimum speed ratio in the

variator brings a ring speed of the first ring gear of the planetary gear set on an output side of the



variator to a maximum forward speed while the maximum speed ratio in the variator brings the

ring speed to a maximum reverse speed.

7 1. The variable transmission of claim 58, further comprising a torsional damper

drivingly connected to an input power source, wherein said torsional damper is located between

the input power source and the variator to avoid or reduce transferring torque peaks and

vibrations from the input power source to one or more of the input shaft, the first planetary gear

set, the variator, the second planetary gear set, and the countershaft.

72. The variable transmission of claim 71, wherein said torsional damper is coupled

with a clutch.

73. The variable transmissions of any one of claims 1, 10, 25, 41, or 58, wherein said

transmission provides a powered neutral ratio.

74. A variable transmission comprising:

an input shaft comprising a first gear of a first gear set and coupled to a first

portion of a first clutch;

the first gear set comprising the first gear and a second gear;

a variator comprising a first ring assembly drivingly engaged to the second gear,

and a second ring assembly coupled to a ring gear of a planetary gear set and coupled to a

second portion of a second clutch;

the planetary gear set comprising the ring gear, a carrier coupled to a third portion of the

second clutch; a set of planet gears drivingly engaged to the carrier; and a sun gear

drivingly engaged with the set of planet gears, wherein said planetary gear set is a

coupling planetary gear set; and

a second gear set comprising a third gear drivingly engaged to the carrier, and

a fourth gear coupled to a fourth portion of the first clutch, and

the sun gear is mechanically coupled to a differential.

75. The variable transmission of claim 74, wherein said first gear set is an up-speed

ratio gear set.

76. The variable transmission of claim 74, wherein said second gear set is a down-

speed ratio gear set.

77. The variable transmission of claim 74, wherein said carrier is connected to the

input shaft when the first clutch is engaged.

78. A variable transmission comprising:

an input shaft comprising a first gear of a first gear set and coupled to a first portion of a

first clutch;



the first gear set comprising the first gear and a second gear;

a variator comprising a first ring assembly drivingly engaged to the second gear, and a

second ring assembly coupled to a ring gear of a planetary gear set and coupled to a second

portion of a second clutch;

the planetary gear set comprising the ring gear, a carrier coupled to a third portion of the

second clutch; a set of planet gears drivingly engaged to the carrier; and a sun gear drivingly

engaged with the set of planet gears, wherein said planetary gear set is a coupling planetary gear

set; and

a second gear set comprising a third gear drivingly engaged to the carrier, and

a fourth gear coupled to a fourth portion of the first clutch, and

the sun gear is mechanically coupled to a fifth gear, wherein said fifth gear is

mechanically coupled to a differential.

79. The variable transmission of claim 78, wherein said first gear set is an up-speed

ratio gear set.

80. The variable transmission of claim 78, wherein said second gear set is a down-

speed ratio gear set.

81. The variable transmission of claim 78, wherein said carrier is connected to the

input shaft when the first clutch is engaged.

82. The variable transmission of claim 78, wherein said fifth gear is a - 1 ratio gear.

83. A variable transmission comprising:

an input shaft comprising a first gear of a first gear set coupled to a first portion of a first

clutch and a second gear of a second gear set coupled to a second portion of said first clutch;

the first clutch comprising said first portion and said second portion;

the first gear set comprising the first gear and a third gear;

the second gear set comprising the second gear and a fourth gear;

a variator comprising a first ring assembly drivingly engaged to the third gear, and a

second ring assembly coupled to a common sun gear of a compound planetary gear set;

the compound planetary gear set comprising the common sun, a second set of planet

gears, coupled to a second carrier, said second carrier coupled to a third portion of a second

clutch, wherein a fourth portion of said second clutch is fixed to ground;

a first set of planet gears, coupled to a first carrier, wherein said first carrier is drivingly

engaged to the fourth gear of said second gear set, and

said common sun is drivingly engaged to the second set of planet gears and to the first set

of planet gears, wherein said second set of planet gears and said first set of planet gears are



drivingly engaged to the ring gear, wherein said compound planetary gear set is a coupling

planetary gear set; and

the ring gear is mechanically coupled to a differential.

84. The variable transmission of claim 83, wherein said first gear set is an up-speed

ratio gear set.

85. The variable transmission of claim 83, wherein said second gear set is a down-

speed ratio gear set.

86. The variable transmission of claim 83, wherein reverse mode is achieved when

said first clutch is engaged.

87. The variable transmission of claim 83, wherein the direct forward mode is

achieved when said second clutch is engaged to allow braking of the first carrier.

88. A variable transmission comprising:

an input shaft comprising a first gear of a first gear set drivingly engaged to a

second gear on an offset shaft;

the first gear set comprising the first gear and the second gear;

the second gear is coupled to a third gear of a second gear set along the offset

shaft;

the second gear set comprising the third gear and a fourth gear;

the third gear is drivingly engaged to a first ring assembly of a variator disposed

about the offset shaft, which is coupled to a second ring assembly and is coupled to a fifth

gear of a third gear set;

the third gear set comprising the fifth gear and a sixth gear;

wherein the fifth gear is drivingly engaged to the sixth gear;

the sixth gear is coupled to a common sun gear of a coupling planetary gear set;

the coupling planetary gear set comprising the common sun, a set of planet gears

coupled to a carrier and a ring gear;

wherein the carrier is linked to an internal combustion engine through the fourth

gear of the second gear set, and

the ring of the coupling planetary gear set is mechanically coupled to a differential

of the transmission.

89. The variable transmission of claim 88, wherein said first gear set is an up-speed

ratio gear set.

90. The variable transmission of claim 88, wherein said second gear set is a down-

speed ratio gear set for the internal combustion engine.



91. A variable transmission comprising :

a first stage comprising an input shaft;

a first gear set comprising a first gear, a second gear and a countershaft, wherein the

first gear is drivingly engaged to the input shaft and drivingly engaged to the second gear,

and wherein the second gear is drivingly engaged to the countershaft;

a variator comprising a first ring assembly drivingly engaged to the countershaft, a

second ring assembly drivingly engaged to a third gear of a second gear set, wherein said

variator is disposed on the countershaft;

the second gear set comprising the third gear drivingly engaged to a fourth gear,

wherein the fourth gear is drivingly engaged to a planetary output shaft that is drivingly

engaged to a sun gear of a planetary gear set; and

the planetary gear set comprising a carrier, the sun gear, a set of planet gears, and a

ring gear, wherein the sun gear is drivingly engaged to the set of planet gears, wherein the

carrier is coupled to the input shaft, wherein the set of planet gears are drivingly engaged

to the ring gear, wherein the ring gear is drivingly engaged to a second stage comprising;

a forward/reverse mechanism and wherein the second stage forward/reverse

mechanism is mechanically coupled to a transmission output.

92. The variable transmission of claim 91, comprising an infinitely variable mode.

93. The variable transmission of claim 91, wherein the first gear set is an up-speed

gear set.

94. The gear set of claim 93 wherein an output speed of said first gear set is greater

than an input speed of the input shaft.

95. The variable transmission of claim 91, wherein the planetary gear set is a coupling

planetary gear set, wherein the output shaft is coupled to the sun and the input shaft is

coupled through the carrier of the planetary gear set.

96. The variable transmission of claim 91, wherein a first part of the power from a

power source will pass through the variator, the sun, the set of planet gears, and the ring

gear, and a second part of the power will pass directly through the carrier, the set of

planet gears, and the ring gear.

97. The variable transmission of claim 91, wherein the carrier turns at the same speed

as an input speed of the input shaft.

98. The variable transmission of claim 91, wherein the sun gear turns at a speed range

between a speed of the input shaft multiplied by a minimum speed ratio of the variator

multiplied by ratios of the first gear set and the second gear set, and



the speed of the input shaft multiplied by a maximum speed ratio of the variator

multiplied by the ratios of the first gear set and the second gear set.

99. The variable transmission of claim 91, wherein a power output going to the

forward / reverse mechanism from the ring gear can go from forward direction to reverse

direction through standstill thereby providing an infinitely variable mode.

100. The variable transmission of claim 91, wherein the variator is connected to the sun

through a speed ratio of the second gear set on one side of the variator and connected to

the input shaft through a speed ratio of the first gear set on the other side of the variator.

101. The variable transmission of claim 91, wherein a first gear set ratio of the first

gear set causes the variator to turn the opposite direction of the input shaft, wherein the

second gear set ratio of the second gear set causes the output of the variator to turn in the

same direction as the input shaft.

102. The variable transmission of claim 91, wherein an up-speed ratio of the first gear

set increases the speeds acting on the variator.

103. The variable transmission of claim 91, wherein an up-speed ratio of the first gear

set decreases the torque acting on the variator

104. The variable transmission of claim 91, wherein the second stage forward / reverse

mechanism comprises a planetary gear set.

105. The variable transmission of claim 104, wherein the second stage planetary gear

set comprises a sun gear, a first set and a second set of planetary gears, a carrier, a ring

gear, a forward directional clutch, a reverse directional clutch and an output shaft,

wherein the sun gear is mounted on the output shaft and is drivingly engaged to

the first set of planetary gears which are drivingly engaged to the second set of planetary

gears,

wherein the carrier is coupled to a reverse directional clutch on one side of the

planetary gear set and

wherein the second set of planetary gears are drivingly engaged to the ring gear

which is coupled to a forward directional clutch on the other side of the planetary gear

set,

wherein the second stage planetary ring gear is driven by the ring gear of the

coupling planetary gear set, and

wherein the output shaft is coupled to the transmission output.

106. The variable transmission of claim 91, wherein the second stage forward / reverse

mechanism comprises a forward gear, a reverse gear, a first idler gear, a second idler



gear, an idler shaft, a forward directional clutch, a reverse directional clutch and an output

shaft,

wherein the forward gear is mounted on the output shaft and drivingly engaged by

the ring gear of the coupling planetary gear set,

wherein the forward gear is coupled to a forward clutch on one side of the second

stage forward / reverse mechanism,

the first idler gear mounted on the idler shaft and drivingly engaged to the ring

gear,

wherein the second idler gear is driven on the idler shaft and drivingly engaged to

the reverse gear mounted about the output shaft and coupled to a reverse clutch on the

other side of the second stage forward / reverse mechanism, and

wherein the output shaft is coupled to the transmission output.

107. The variable transmission of claim 105 or 106, wherein the first stage of the

transmission produces a speed range between a small negative speed and a maximum

positive speed.

108. The variable transmission of claim 105 or 106, wherein the second stage forward /

reverse mechanism produces maximum reverse speeds by mirroring the asymmetrical

speed range of the first stage.

109. The variable transmission of claim 108, wherein a gear ratio of the second stage

forward / reverse mechanism can be changed to reduce the maximum forward and reverse

speeds.

110. The variable transmission of claim 91, further comprising a torsional damper,

wherein said torsional damper is located between an input power source and the variator

to avoid or reduce transferring torque peaks and vibrations from the input power source to

one or more of the input shaft, the first gear set, the variator, the second gear set, and the

planetary gear set.

111. The variable transmission of claim 110, wherein said torsional damper is coupled

with a clutch.
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gear is drivingly engaged to the countershaft (which is not present in Groups IV, VI-VII), the third gear is drivingly engaged to the
countershaft and to the fourth gear; a variator comprising a first ring assembly that is drivingly engaged to the fourth gear (which is not
present in Groups I, lll-VII), and a second ring assembly that is drivingly engaged to a sun gear of a planetary gear set; and the
planetary gear set comprising the sun gear, a ring gear, a set of planet gears drivingly engaged to the sun gear (which is not present in
Groups III, VII), and a carrier coupled to the set of planet gears and to the input shaft (which is not present in Groups IV-VII), wherein the
set of planet gears are drivingly engaged to the ring gear (which is not present in Groups IV, VI-VII), and wherein the ring gear is
mechanically coupled to a differential (which is not present in Groups IV-V).

The special technical features of Group III include wherein the first gear is drivingly engaged to the input shaft and drivingly engaged to
the second gear, and wherein the second gear is drivingly engaged to the countershaft (which is not present in Groups IV, VI-VII); a
variator comprising a first ring assembly drivingly engaged to the countershaft, a second ring assembly drivingly engaged to a third gear
of a second gear set, wherein said variator is disposed on the countershaft; the second gear set comprising the third gear drivingly
engaged to a fourth gear, wherein the fourth gear is drivingly engaged to a planetary output shaft that is drivingly engaged to a sun gear
of a planetary gear set (which is not present in Groups l-ll, IV-VII); and the planetary gear set comprising a carrier, the sun gear, a set of
planet gears, and a ring gear, wherein the sun gear is drivingly engaged to the set of planet gears, wherein the carrier is coupled to the
input shaft (which is not present in Groups IV-VII), wherein the set of planet gears are drivingly engaged to the ring gear (which is not
present in Groups IV, VI-VII), wherein the ring gear is drivingly engaged to a second stage comprising; a forward/reverse mechanism
and wherein the second stage forward/reverse mechanism (which is not present in Groups l-ll, IV-VII) is mechanically coupled to a
transmission output (which is not present in Groups IV-V).
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The special technical features of Group IV include a first shaft coupled to the third gear; a variator comprising a first ring assembly that is
drivingly engaged to said third gear by the first shaft (which is not present in Groups l-lll, V-VII), and a second ring assembly that is
drivingly engaged to a sun gear of a planetary gear set; the planetary gear set comprising the sun gear, a set of planet gears drivingly
engaged to the sun gear (which is not present in Groups III, VII), a ring gear mechanically coupled to a fifth gear on a second shaft and
drivingly engaged to the set of planet gears, a carrier coupled to a fourth gear that is drivingly engaged to the second gear of a second
gear set; the second gear set comprising the second gear and the fourth gear; and the second shaft having the fifth gear and a sixth
gear coupled thereto, wherein the sixth gear is mechanically linked to a differential (which is not present in Groups l-lll, V-VII).

The special technical features of Group V include a first planetary gear set comprising a first carrier drivingly engaged to the input shaft,
a first set of p/anet gears drivingly engaged to the first carrier, a first sun gear dnvingly engaged to the first set of p/anet gears, a d a first
ring gear fixed to a casing of the first planetary gear set; a variator comprising a first ring assembly that is drivingly engaged to the first
sun gear (which is not present in Groups IV, VI-VII), a second ring assembly that is drivingly engaged to an output shaft coupled to a
second sun gear of a second planetary gear set; the second planetary gear set comprising the second sun gear (which is not present in
Groups III, VII) that is drivingly engaged to two sets of shared planet gears, a shared carrier that is drivingly engaged to the two sets of
shared planet gears, wherein the carrier is drivingly engaged to a fourth gear and wherein said second planetary gear set is a compound
planetary gear set; a countershaft having a second gear and a third gear coupled thereto, wherein the shared carrier is drivingly
engaged to the fourth gear which is drivingly engaged to the second gear, and wherein the third gear is drivingly coupled to the first gear
on the input shaft; wherein the set of shared planet gears are driving engaged to a third sun gear of the second planetary gear set; and
said third sun gear is mechanically coupled to a differential (which is not present in Groups l-IV, VI-VII).

The special technical features of Group VI include a first gear of a first gear set coupled to a first portion of a first clutch and a second
gear of a second gear set coupled to a second portion of said first clutch; the first clutch comprising said first portion and said second
portion; the first gear set comprising the first gear and a third gear; the second gear set comprising the second gear and a fourth gear; a
variator comprising a first ring assembly drivingly engaged to the third gear (which is not present in Groups l-V, VII), and a second ring
assembly coupled to a common sun gear of a compound planetary gear set; the compound planetary gear set comprising the common
sun, a second set of planet gears (which is not present in Groups III, VII), coupled to a second carrier, said second carrier coupled to a
third portion of a second clutch, wherein a fourth portion of said second clutch is fixed to ground; a first set of planet gears, coupled to a
first carrier, wherein said first carrier is drivingly engaged to the fourth gear of said second gear set, and said common sun is drivingly
engaged to the second set of planet gears and to the first set of planet gears, wherein said second set of planet gears and said first set
of planet gears are drivingly engaged to the ring gear, wherein said compound planetary gear set is a coupling planetary gear set (which
is not present in Groups l-V, VII); and the ring gear is mechanically coupled to a differential (which is not present in Groups IV-V); and a
second ring assembly coupled to a ring gear of a planetary gear set and coupled to a second portion of a second clutch; the planetary
gear set comprising the ring gear, a carrier coupled to a third portion of the second clutch; a set of planet gears drivingly engaged to the
carrier; and a sun gear drivingly engaged with the set of planet gears, wherein said planetary gear set is a coupling planetary gear set;
and a second gear set comprising a third gear drivingly engaged to the carrier, and a fourth gear coupled to a fourth portion of the first
clutch, and the sun gear is mechanically coupled to a fifth gear, wherein said fifth gear is mechanically coupled to a differential (which is
not present in Groups l-V, VII).

The special technical features of Group VII include a first gear of a first gear set drivingly engaged to a second gear on a offset shaft;
the second gear is coupled to a third gear of a second gear set along the offset shaft; the second gear set comprising the third gear and
a fourth gear; the third gear is drivingly engaged to a first ring assembly of a variator disposed about the offset shaft, which is coupled to
a second ring assembly and is coupled to a fifth gear of a third gear set; the third gear set comprising the fifth gear and a sixth gear;
wherein the fifth gear is drivingly engaged to the sixth gear; the sixth gear is coupled to a common sun gear of a coupling planetary gear
set; the coupling planetary gear set comprising the common sun, a set of planet gears coupled to a carrier and a ring gear; wherein the
carrier is linked to an internal combustion engine through the fourth gear of the second gear set (which is not present in Groups l-V, VI),
and the ring of the coupling planetary gear set is mechanically coupled to a differential of the transmission (which is not present in
Groups IV-V),

The common technical features of Groups l-VII include an input shaft: a first planetary gear set comprising a countershaft, a first carrier
drivingly engaged to the input shaft, a first sun gear drivingly engaged to a countershaft and to a first set of planet gears which are
engaged to a first ring gear, wherein the first ring gear is fixed to a first casing of the first planetary gear set, and wherein a first ring
assembly of a variator is drivingly engaged to the first sun of the first planetary gear set; the variator comprising the first ring assembly
and a second ring assembly that is drivingly engaged to a second sun gear of a second planetary gear set; and the second planetary
gear set comprising the second sun that is drivingly engaged to a second set of planet gears, and a second carrier coupled to the input
shaft, wherein said second ring gear is mechanically coupled to a differential.

These common technical features are disclosed by US 2004/0166984 A 1 (INOUE): an input shaft (29; figure 1); a first planetary gear set
comprising a countershaft (30), a first carrier (42) drivingly engaged to the input shaft (via gears 50, 49 and shaft 48; paragraph [0074]),
a first sun gear (40) drivingly engaged to a countershaft (30) and to a first set of planet gears (meshingly engaged with first planetary
gears 43; paragraph [0040]) which are engaged to a first ring gear (first planetary gears 43 are meshingly engaged to first ring gear 41;
paragraph [0040]), wherein the first ring gear (41 ) is fixed to a first casing of the first planetary gear set (fixed to casing (first casing of
first planetary gear set) through clutch 27a; paragraphs [0041], [0071]), and wherein a first ring assembly of a variator (gears 50, 49 (first
ring assembly of variator); paragraphs [0055], [0056]) is drivingly engaged to the first sun of the first planetary gear set (drive the first sun
gear 40 (of the first planetary gear set) through first ring gear 4 1; paragraphs [0040], [0047]); the variator comprising the first ring
assembly (gears 50, 49; figure 1; paragraph (0055]) and a second ring assembly (gears 39, 4; figure ; paragraph [0054]) that is drivingly
engaged to a second sun gear of a second planetary gear set (drive the second sun gear 44; paragraph [0060]); and the second
planetary gear set comprising the second sun (44) that is drivingly engaged to a second set of planet gears (drives second planetary
gears 47; paragraph [0042]), and a second carrier (46) coupled to the input shaft (29; figure 1; paragraph [0058]), wherein said second
ring gear (45) is mechanically coupled to a differential (coupled to a differential component; paragraphs [0061]).

Because the common technical features are disclosed by INOUE, the inventions are not so linked as to form a single general inventive
concept. Therefore, Groups l-VII lack unity.
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