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(57) ABSTRACT

A continuously variable transmission system and a method of
making a continuously variable transmission system is
described. The present invention includes a gear set having at
least a sun gear, one or more planetary gears, and a planetary
gear carrier arm on which the one or more planetary gears are
mounted for rotational movement. The sun gear and the one
or more planetary gears are mounted for rotational engage-
ment and movement with respect to each other, and one of the
sun gears and the planetary gear carrier arm couples to an
input shaft and another portion of the gear set couples to an

10, 2008. output shaft to receive feedback. A rotary coupling unit hav-
ing an input rotationally coupled to at least one of the one of
Int. Cl. the sun gears and the planetary gear carrier arm and an output
F16H 47/08 (2006.01) that rotationally couples to the output shaft is also provided.
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GEAR-BASED CONTINUOUSLY VARIABLE
TRANSMISSION SYSTEMS AND METHODS
THEREOF

This application is a continuation of U.S. application Ser.
No. 12/500,355, filed Jul. 9, 2009, which claims the benefit of
U.S. Provisional Application No. 61/134,500, filed Jul. 10,
2008 which are hereby incorporated by reference in their
entirety.

FIELD

The present invention relates to transmission systems and,
more particularly, to gear-based continuously variable trans-
mission systems and methods thereof.

BACKGROUND

Typically, operating characteristics of a mechanical power
source (e.g., an engine) do not match those of a load driven by
the power source (e.g., wheels of an automobile). For
example, a diesel engine might run most efficiently at 2400
rpm, but a delivery truck running onusing that engine as a
power source must operate at speeds between 0 and 60 mph
and under different conditions like climbing a hill or acceler-
ating. Mismatch between the power source output speed and
the load output speed leads to wastage of energy and a reduc-
tion in the overall efficiency. The transmission system is the
key component that enables source and load characteristics
(e.g., output speeds) to be matched efficiently. Conventional
manual and automatic transmissions are a compromise by
providing selectable fixed ratios of torque and speed between
the source and the load for matching. Automatic transmis-
sions also include a torque converter which connects the
power source to various gears, where the best combination of
the gears is selected using an external control system. The
torque converter smoothes out the changes between different
gear combinations and allows the transmission gears to
remain engaged when the transmission output is stationary.
Manual transmissions include an operator-controlled clutch
which must be disengaged by the operator when different
gear combinations are selected by the operator. Conventional
manual and automatic transmissions use a finite number of
gear ratios which are not optimal for all conditions such as
varying terrain and output speeds.

The first documented continuously variable transmission
was described by Leonardo daVinci in 1490 A.D. As is the
case for most modern continuously variable transmission sys-
tems, daVinci’s continuously variable transmission system
used friction between two or more smooth surfaces to achieve
an approximately continuously variable output function.
Modern day conventional continuously variable transmission
systems typically use a belt running between two logic-con-
trolled adjustable sheaves. The belt system is connected to the
power source using a torque converter or some form of
manual or automatic clutch, depending on the field of appli-
cation for the transmission. Conventional continuously vari-
able transmission system designs are restricted in the range of
gear ratios they can practically provide and usually require
additional gear sets following the continuously variable trans-
mission system, in addition to the continuously variable
transmission system component itself. Additionally, conven-
tional continuously variable transmission systems and auto-
matic transmissions are single-input-single-output devices.

SUMMARY

A continuously variable transmission system including a
gear set having one or more sun gears, one or more planetary

20

25

30

35

40

45

50

55

60

65

2

gears, and a planetary gear carrier arm on which the one or
more planetary gears are mounted for rotational movement.
The one or more sun gears and the one or more planetary
gears are mounted for rotational engagement and movement
with respect to each other, and at least one of the one or more
sun gears and the planetary gear carrier arm couples to an
input shaft and another portion of the gear set couples to an
output shaft to receive feedback. A rotary coupling unit hav-
ing an input rotationally coupled to the at least one of the one
of'the one or more sun gears and the planetary gear carrier arm
and an output that rotationally couples to the output shaft is
also provided.

A method for making a continuously variable transmission
system, the method includes providing a gear set having one
or more sun gears, one or more planetary gears, and a plan-
etary gear carrier arm on which the one or more planetary
gears are mounted for rotational movement. The one or more
sun gears and the one or more planetary gears are mounted for
rotational engagement and movement with respect to each
other, and at least one of the one or more sun gears and the
planetary gear carrier arm couples to an input shaft and
another portion of the gear set couples to an output shaft to
receive feedback. The method includes providing a rotary
coupling unit having an input rotationally coupled to the at
least one of the one or more sun gears and the planetary gear
carrier arm and an output that rotationally couples to the
output shaft.

The present invention offers numerous advantages such as
providing a wide range of gear ratios using standard compo-
nents to provide an infinite set of input to output speed ratios
and optimal matching for a wide range of operating condi-
tions (e.g., heavy duty as well as light duty applications),
without any special electrical, hydraulic or logic controls. The
present invention utilizes its own output as a feedback input to
the transmission system so that it automatically create a suit-
able gear ratio for the input and output speeds and loads.
Further, according to various embodiments described herein,
substantial improvements in packaging and lowering parts
count are realized. The present invention provides a highly
compact continuously variable transmission system design
useful in a wide range of applications from vehicles to heavy
construction equipment.

Accordingly, as illustrated by the description herein, the
present invention provides a number of advantages including
providing built-in feedback of the output angular velocity of
an output shaft of a continuously varying transmission system
to an input of a gear set of the continuously varying transmis-
sion system. Thus, the gear set is put in a mode of being a
multi-input system where at least one of the inputs is the fed
back output, the at least other input being an input from a
power source coupled to the transmission system input shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side-view elevation schematic diagram of a
gear-based continuously variable transmission system using
a planetary gear set in accordance with embodiments of the
present invention;

FIG. 2 is a side-view elevation schematic diagram of the
gear-based continuously variable transmission system of
FIG. 1 with a torque converter single extended output shaft in
accordance with embodiments of the present invention;

FIG. 3 is a side-view elevation schematic diagram of the
gear-based continuously variable transmission system of
FIGS. 1 and 2 with a housing surrounding the planetary gear
set and a rotary coupling unit in accordance with embodi-
ments of the present invention;
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FIG. 4 is a side-view elevation schematic diagram of a
gear-based continuously variable transmission system using
a compound planetary gear set in accordance with other
embodiments of the present invention;

FIG. 5 is a side-view elevation schematic diagram of the
gear-based continuously variable transmission system of
FIG. 4 with a torque converter single extended output shaft in
accordance with embodiments of the present invention;

FIG. 6 is a side-view elevation schematic diagram of the
gear-based continuously variable transmission system of
FIGS. 4 and 5 with a housing surrounding the compound
planetary gear set and a rotary coupling unit in accordance
with embodiments of the present invention; and

FIG. 7 is a side-view elevation schematic diagram of a
compact, gear-based continuously variable transmission sys-
tem with a fluid coupling unit in accordance with other
embodiments of the present invention.

DETAILED DESCRIPTION

A continuously variable transmission according to
embodiments of the present invention provides an infinite set
of possible input to output speed ratios (within fixed limits),
and if properly designed and/or controlled can provide opti-
mal matching of input and output speeds for most operating
conditions. The continuously variable transmission has appli-
cability to any mechanical power transmission situation
where there is variability in the load conditions. Embodi-
ments of this invention provide the continuously variable
transmission functionality using only passive components
(planetary gears, clutches and a torque converter). A rotary
coupling unit according to embodiments of the present inven-
tion is preceded by a gear train connected at its first input to a
power source (e.g., a mechanical, an electrical, or an electro-
mechanical power source) via an input shaft. An output of the
rotary coupling unit is fed back to provide a portion of output
rotational energy as a second input to the gear train resulting
in a better matching of input and output speeds. By having a
torque converter designed with slip and torque multiplication
characteristics suitable for a continuously variable transmis-
sion configuration and the specific load application, the
present invention maximizes overall efficiency of the
mechanical system it is employed with, and provides a spa-
tially compact design suitable for use in a diverse range of
conditions, as explained below with reference to exemplary
embodiments illustrated by FIGS. 1-7 and described herein.

Referring to FIG. 1, a side-view elevation schematic dia-
gram of a gear-based continuously variable transmission sys-
tem 100 according to embodiments of the invention is shown.
According to an exemplary scenario, continuously variable
transmission system 100 includes an input shaft 106 that
receives an input from a power source to rotate about a first
major axis. Input shaft 106 is held spatially by one or more
sets of bearings 120 (shown throughout as small rectangular
boxes). Input shaft 106 is coupled to a planetary gear set 102
at a sun gear 1024 of the planetary gear set 102. Although a
single sun gear 1024 is shown, depending on specific design
and operation, more than one sun gear can also be used. Inone
example, input shaft 106 is substantially coupled to a geo-
metric center of sun gear 1024, although coupling can take
place at other points depending upon specific applications.

Planetary gear set 102 includes a pair of planet gears 1025
(also interchangeably referred to as planetary gears 1025
herein) rotationally engaged to sun gear 102q at a first point
for movement. Although a pair of planet gears 1025 is used,
more or less number of planet gears 1025 can be deployed
depending on specific applications. Planet gears 1025 are also
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rotationally engaged to a ring gear 102¢ at a second point for
movement. Ring gear 102¢ is arranged to circumscribe sun
gear 102a¢ and planet gears 1025. Planet gears 1025 are
coupled to sun gear 102a and to ring gear 102¢ by sets of
teeth, although other techniques for engagement can also be
used, such as a belt. Components of planetary gear set 102 are
well known to those skilled in the art and therefore will not be
described in detail herein.

Planet gears 10256 are further rotationally coupled to a
driving transfer gear 112 through a planet gear carrier arm
102d (also interchangeably referred to as carrier arm 1024
herein) on which planet gears 1025 are mounted. In one
example, carrier arm 1024 is substantially coupled to planet
gears 102) at respective geometric centers of planet gears
1024, although coupling can take place at other points
depending upon specific applications. Coupling of planet
gears 1025 to driving transfer gear 112 results in transfer of
rotational energy from planet gears 1024 to driving transfer
gear 112. Driving transfer gear is rotationally coupled to a
driven transfer gear 114 for movement. Driven transfer gear
114 rotates in accordance with a rotational motion of driving
transfer gear 112.

Driven transfer gear 114 is further rotationally coupled to a
torque converter 104 for movement, although driven transfer
gear 114 can be coupled to other types of rotary coupling units
for example, a fluid coupling unit. Alternatively, other forms
of coupling, for example, couplings shown in FIG. 2 that
directly couple planet gears 1025 to torque converter 104, can
also be used. Torque converter 104 includes an impeller 104a
that rotates based upon rotational energy transferred by
driven transfer gear 114 to torque converter 104. Torque con-
verter 104 includes a fluid that is set into motion by movement
ofimpeller 104a. Motion of the fluid is transferred to a turbine
1045 of torque converter 104. To provide efficient flow of the
moving fluid into impeller 104a, torque converter 104
includes a stator 104¢ sharing a substantially common axis of
rotation with impeller 104a.

Turbine 1045 and impeller 104a share a substantially com-
mon geometric axis of rotation. Turbine 1045 rotates based
upon the motion of the fluid inside torque converter 104 to
generate an output angular velocity, as is well known to those
skilled in the art. Turbine 1045 is rotationally coupled to an
output shaft 108 that moves at an output angular velocity.
Although an exemplary torque converter 104 is shown in FI1G.
1, components of torque converter 104 are well known to
those skilled in the art and will not be described in detail
herein.

Output shaft 108 forms an output for continuously variable
transmission system 100 and can be further coupled to a load
(e.g., wheels of an automobile). Output shaft 108 is held in a
stable position by one or more bearings 120, similar to input
shaft 106. A portion of the output velocity of output shaft 108
is fed back to ring gear 102¢ by a driving feedback gear 118
rotationally coupled to a driven feedback gear 116 that further
couples back to ring gear 102¢. The motion of ring gear 102¢
is modified due to coupling to driven feedback gear 116 and
forms a second input to planetary gear set 102. Although only
two feedback gears (driving feedback gear 118 and driven
feedback gear 116) are shown in FIG. 1, less or more number
of gears can be used, depending on specific applications.
According to embodiments of the invention, driven feedback
gear 116 can be an integral part of ring gear 102¢, although
other coupling arrangements, such as a belt coupling can also
be used. Driven feedback gear 116 and driving feedback gear
118 form a feedback path for output rotational energy to be
transferred back to input planetary gear set 102 resulting in an
improved speed matching between input and output speeds of
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continuously variable transmission system 100. Based upon
specific applications, a higher number of feedback paths can
also be used to provide additional inputs to planetary gear set
102 at different points on planetary gear set 102. It is to be
noted that although input shaft 106 and output shaft 108 are
shown as geometrically offset from each other along different
first and second geometric axes, depending on specific appli-
cations, according to various embodiments of the invention,
input shaft 106 and output shaft 108 can be substantially
located along a common geometrical axis (e.g., as shown in
FIGS. 2 and 3).

The present invention in accordance with the various
embodiments disclosed herein offers numerous advantages
such as providing a wide range of gear ratios using standard
components to provide an infinite set of input to output speed
ratios and optimal matching for a wide range of operating
conditions (e.g., heavy duty as well as light duty applica-
tions), without any special electrical, hydraulic or logic con-
trols. As described herein, the present invention utilizes its
own output as a feedback input, in addition to an input from
the power source, to match output speed of the load to an input
speed provided by input shaft 106, or a to match a desired
overdrive ratio. Further, according to various embodiments
described herein below, the present invention incorporates
modified design arrangements of torque converter 104 and
planetary gear set 102 that lead to substantial improvements
in packaging and lowering parts count leading to a highly
compact continuously variable transmission system design
useful in a wide range of applications, for example, go-carts,
tractors, conveyor systems, vehicles, and heavy construction
equipment, to name a few. Furthermore, embodiments of the
present invention can be utilized as sub-modules in conjunc-
tion with and/or parallel to other types of transmission sys-
tems, or can be used as a stand alone independent continu-
ously variable transmission system to drive one or more loads
attached to its output.

Referring to FIG. 2, a side-view elevation schematic dia-
gram of a gear-based continuously variable transmission sys-
tem 200 according to embodiments of the present invention is
shown. Continuously variable transmission system 200
shown in FIG. 2 is same as continuously variable transmis-
sion system 100 of FIG. 1 except as described herein below.
Continuously variable transmission system 200 illustrates a
redesigned torque converter 104 and planetary gear set 102 in
a compact arrangement. Continuously variable transmission
system 200 includes a single output shaft 202 that exits simul-
taneously from an input side and an output side of torque
converter 104. For example, a first portion of output shaft 202
couples to a load (not shown) and a second portion 204
couples to ring gear 102¢, as shown in FIG. 2. By directly
coupling output shaft 202 to ring gear 102¢ using second
portion 204 of output shaft 202, the exemplary configuration
shown in FIG. 2 eliminates use of driving feedback gear 118
and driven feedback gear 116 of continuously variable trans-
mission system 100 in FIG. 1, and therefore, achieves the
same functionality with lesser number of parts and a more
compact design as compared to continuously variable trans-
mission system 100.

Further, in FIG. 2, output shaft 202 and input shaft 106 are
aligned in a manner such that they share a substantially com-
mon geometric axis of rotation, although they can be equally
operational with their corresponding geometric axes offset
from each other. A housing 206 of torque converter 104 is
coupled to planet gears 1025 using carrier arm 1024 on which
planet gears 1025 are mounted. Housing 206 is an extension
of'torque converter 104 and is coupled to provide an input to
torque converter 104 at impeller 104a of torque converter
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104. As a result of the rearrangement shown in FIG. 2, where
housing 206 couples the rotational output of planet gears
10254 to provide a rotational input to impeller 104a, driving
transfer gear 112 and driven transfer gear 114 of FIG. 1 are
both eliminated from the design of continuously variable
transmission system 200. Thus, continuously variable trans-
mission system 200 provides compactness of design in ways
more than one as described immediately above. In all other
aspects, continuously variable transmission system 200 is the
same as continuously variable transmission system 100. For
example, internal components of planetary gear set 102 and
torque converter 104 are substantially the same as continu-
ously variable transmission system 100, except as described
above, and are therefore not being described again herein.

Referring to FIG. 3, a side-view elevation schematic dia-
gram of a gear-based continuously variable transmission sys-
tem 300 according to other embodiments of the invention is
shown. Continuously variable transmission system 300 is the
same as continuously variable transmission system 100 and
continuously variable transmission system 200 of FIGS. 1
and 2, respectively, except as described herein below. In con-
tinuously variable transmission system 300, output shaft 202
is identical to output shaft 202 of FIG. 2 except output shaft
202 is directly coupled to turbine 10454 of torque converter
104 and turbine 1045 is directly coupled to ring gear 102c.
Therefore, by redesigning torque converter 104 such that
turbine 1045 directly provides at least a portion of output
from output shaft 202 to ring gear 102c¢, further compactness
of design is attained.

Additionally, impeller 1044 is modified to integrally form
a housing 302 that couples to carrier arm 102d to provide an
input to torque converter 104 at impeller 104q, although
housing 302 can also provide input(s) to impeller 104a at
other parts of planetary gear set 102, e.g., at sun gear 102a. In
all other aspects, continuously variable transmission system
300 is the same as continuously variable transmission system
100 and continuously variable transmission system 200 of
FIGS. 1 and 2, respectively, except as described immediately
above.

Referring to FIG. 4, a side-view elevation schematic dia-
gram of a gear-based continuously variable transmission sys-
tem 400 according to embodiments of the invention is shown.
Continuously variable transmission system 400 includes an
input shaft 106 (which is same as input shaft 106 of FIGS.
1-3) that provides a first rotational input to a compound plan-
etary gear set 402. More specifically, input shaft 106 is rota-
tionally coupled to a carrier arm component 418 and a carrier
arm component 402, of compound planetary gear set 402,
although input shaft 106 can also be coupled to other parts of
compound planetary gear set 402, e.g., to driving planet gears
402b. Carrier arm component 402¢ guides the shaft that rota-
tionally couples a first pair of driving planet gears 4025 and a
second pair of driven planet gears 402¢. First pair of driving
planet gears 4025 rotationally couple to a feedback sun gear
402q in an arrangement the same as sun gear 102a and planet
gears 1025 of FIG. 1 except that compound planetary gear set
402 does not include a ring gear. Instead, first pair of driving
planet gears 4025 is rotationally coupled to a second pair of
driven planet gears 402¢ by a common shaft, which is guided
by carrier arm component 402¢in a circular orbit, as shown in
FIG. 4.

Driven planet gears 402¢ are further rotationally coupled to
a driven sun gear 4024 for movement. Driven sun gear 4024
is rotationally coupled to impeller 1044 of torque converter
104 by arm 414 to provide an input to torque converter 104 at
impeller 104a. Internal operation of torque converter 104,
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including operation of turbine 1045 and stator 104c, is essen-
tially same as described in FIG. 1 and will not be repeated
here again.

Output rotational motion of turbine 1045 is coupled to
output shaft 108 that drives a load (not shown). Output shaft
108 also rotationally couples to a driving intermediate feed-
back gear 404, although driving intermediate feedback gear
404 can optionally be driven by an output from turbine 1045.
Driving intermediate feedback gear 404 couples to a feedback
shaft 412 through a first intermediate feedback gear 406 and
rotates feedback shaft 412 based upon the output angular
motion of output shaft 108. Feedback shaft 412 is coupled to
a second intermediate feedback gear 408 on an input side of
continuously variable transmission system 400.

Second intermediate feedback gear 408 further couples to
a feedback gear 410 integral to feedback sun gear 402a of
compound planetary gear set 402 to provide a second input to
compound planetary gear set 402. Although feedback shaft
412 is shown having two gears, less or more number of gears
can be used, depending on specific applications. Therefore,
via inputs from feedback shaft 412 and input shaft 106, com-
posite motion of compound planetary gear set 402 is modu-
lated such that input and output speeds of continuously vari-
able transmission system 400 are automatically controlled.
According to one embodiment of the invention, without any
additional complexity, compound planetary gear set 402 can
provide a gear ratio of 100:1, and when used in the continu-
ously variable transmission system 400 configuration can
smoothly change gear ratios from 100:1 to an overdrive ratio
01'0.5:1 as an output speed of a load (e.g., wheels of a vehicle)
coupled to output shaft 108 increases.

Referring to FIG. 5, a side-view elevation schematic dia-
gram of a gear-based continuously variable transmission sys-
tem 500 according to embodiments of the present invention is
shown. Continuously variable transmission system 500 is the
same as continuously variable transmission system 400 of
FIG. 4 except as described herein below. Continuously vari-
able transmission system 500 includes an input shaft 106
integrally coupled to carrier arm component 402¢ and carrier
arm component 418 of compound planetary gear set 402.
Input received by carrier arm 402¢ drives the common rota-
tional shaft for driving planet gears 4026 and a pair of driven
planet gears 402¢ in a circular orbit. The pair of driven planet
gears 402¢ is then rotationally coupled to driven sun gear
402d, the same as in continuously variable transmission sys-
tem 400 of FIG. 4. Operation of components of torque con-
verter 104 are same as described in FIG. 4, except that output
shaft 502 is coupled directly to feedback sun gear 4024 via an
extension 504 to provide at least a portion of output of torque
converter 104 as an additional input to compound planetary
gear set 402. Therefore, the configuration shown in FIG. 5§
achieves the same functionality as the configuration of FIG. 4
except that no feedback shaft 412 and no first and second
feedback gears 406 and 408 (shown in FIG. 4) are required.
As aresultof elimination ofthese gears, a simpler design with
lesser components is achieved.

Referring to FIG. 6, a side-view elevation schematic dia-
gram of a gear-based continuously variable transmission sys-
tem 600 according to embodiments of the present invention is
shown. Continuously variable transmission system 600 is
same as continuously variable transmission system 400
except as described herein below. Continuously variable
transmission system 600 comprises housing 602 coupled to
impeller 104a that provides input to impeller 104a. Coupling
of'output shaft 502 to turbine 1045 is same as FIG. 3 and is not
being repeated herein. However, since continuously variable
transmission system 600 includes compound planetary gear
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set 402 as compared to planetary gear set 102 of FIG. 3,
coupling of turbine 1045 to provide feedback as a second
input to compound planetary gear set 402 occurs at driven sun
gear 402d where turbine 1045 couples to compound planetary
gear set 402. As described earlier with respect to FIG. 5, the
arrangement shown in FIG. 6 achieves the same functionality
as the configuration of FIG. 4 except that no feedback shaft
412 and no first and second intermediate feedback gears 406
and 408 (shown in FIG. 4) are required. As a result of elimi-
nation of these gears, a simpler design with lesser compo-
nents is achieved. In addition, presence of housing 602 makes
the design of continuously variable transmission system 600
more compact.

Referring to FIG. 7, a side-view elevation schematic dia-
gram of a gear-based continuously variable transmission sys-
tem 700 according to embodiments of the present invention is
shown. Continuously variable transmission system 700 is
same as continuously variable transmission system 300
except as described herein below. Continuously variable
transmission system 700 includes a fluid coupling unit 702
instead of torque converter 104 of FIGS. 1-6. On the input
side of continuously variable transmission system 700, planet
gears 1025 rotationally couple to fluid coupling unit 702 via
carrier arm 1024 to provide input from input shaft 106. Con-
tinuously variable transmission system 700 includes a feed-
back shell 704 rotationally coupled to output shaft 108 to
provide a portion of rotational output to ring gear 102c.
According to one embodiment of the invention, feedback
shell 704 can be an integral part of ring gear 102¢. Although
fluid coupling unit 702 is shown coupled to planetary gear set
102 described in FIG. 1, fluid coupling unit 702 can be
designed to receive an input from a compound planetary gear
set such as compound planetary gear set 402 of FIG. 4. Inter-
nal functioning of fluid coupling unit 706 is well known to
those skilled in the art and will not be described herein. Thus,
continuously variable transmission system 700 provides a
closed feedback loop comprising a first input from input shaft
106 to planetary gear set 102 being further provided as an
input to fluid coupling unit 702 that generates an output
rotational motion of the output shaft 108, which rotational
motion is fed back to planetary gear set 102 though feedback
shell 704 at ring gear 102¢ to provide a second input to
planetary gear set 102. The arrangement shown in continu-
ously variable transmission system 700 results in a compact
design with very low parts count for matching input speed of
a mechanical power source to an output speed.

Although specific exemplary arrangements of continu-
ously variable transmission systems 100-700 are illustrated
and described, various permutations and combinations of
these arrangements can also be applied in which a portion of
an output generated is fed back as an additional input to a gear
set which is first in line from the power source. Such addi-
tional exemplary embodiments can be contemplated by those
skilled in the art after reading this disclosure, without depart-
ing from the basic design and operation of various embodi-
ments of this invention.

According to one exemplary scenario, continuously vari-
able transmission system 100, continuously variable trans-
mission system 200, continuously variable transmission sys-
tem 300, and continuously variable transmission system 700
are utilized for light duty loads (e.g., cars) and continuously
variable transmission system 400, continuously variable
transmission system 500, and continuously variable trans-
mission system 600 are utilized for heavy duty loads.
Although elements of FIGS. 1-7 are shown as of fixed relative
dimensions, such dimensions are can be changed according to
specific applications. For example, larger or smaller gear sets
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may be utilized depending on type of load being driven by a
continuously variable transmission. Further, as and when
needed, additional clutches, brakes, belts, and bearings can
optionally be used to provide mechanical control and support
to the continuously variable transmission systems 100-700
described in FIGS. 1-7.

Referring to FIGS. 1-7, a method of making and using a
continuous variable transmission will be described with
respect to functioning and operation of various components
of FIGS. 1-7. A method for making a continuously variable
transmission system, the method includes providing a gear set
having one or more sun gears, one or more planetary gears,
and a planetary gear carrier arm on which the one or more
planetary gears are mounted for rotational movement. The
one or more sun gears and the one or more planetary gears are
mounted for rotational engagement and movement with
respect to each other, and at least one of the one or more sun
gears and the planetary gear carrier arm couples to an input
shaft and another portion of the gear set couples to an output
shaft to receive feedback. The method includes providing a
rotary coupling unit having an input rotationally coupled to
the at least one of the one or more sun gears and the planetary
gear carrier arm and an output that rotationally couples to the
output shaft.

Continuous variable systems 100 and 400 both receive
angular motion from input shaft 106. This angular motion is
due to input shaft 106 receiving an output from a power
source (e.g., amanual power source, an engine, motor or other
types of propulsion units well known to those skilled in the
art). With respect to FIG. 1, this angular motion is transmitted
by input shaft 106 to sun gear 102a which rotates as a result of
the transmission of rotational energy from input shaft 106.
Due to the coupling of sun gear 102a with planet gears 1025,
as described above, planet gears 1025 also rotate. Rotation
speeds of sun gear 1024 and planet gears 1025 will depend
upon various factors such as gear ratios and mechanical prop-
erties of individual planet gears 1025 and sun gear 1024, as is
well known to those skilled in the art. Rotation of planet gears
10254 results in rotation of ring gear 102¢, although ring gear
102¢ can be kept in a fixed motionless state relative to planet
gears 1025. Rotation of planet gears 1025 also causes carrier
arm 1024 to rotate. Carrier arm 1024 then passes the rota-
tional energy of planet gears 1026 by coupling to driving
transfer gear 112 which further rotates driven transfer gear
114. Driving transfer gear 112 and driven transfer gear 114
form the second input to impeller 104a of torque converter
104 (or, to fluid coupling unit 702 for FIG. 7, depending on
which form of rotary coupling unit is used).

Rotation of impeller 104a causes rotation of turbine 1045
of'torque converter 104. Such an internal transfer of rotational
energy in torque converter 104 occurs via fluidic transfer of
energy, well known to those skilled in the art and not
described further herein. Rotation of turbine 10454 causes
output shaft 108 coupled to turbine 1045 to rotate and deliver
an output to a load (e.g., wheels of a car). A portion of the
rotational energy of output shaft 108 is fed back as a second
input to planetary gear set 102 at ring gear 102¢. The feedback
path comprises coupling of output shaft 108’s rotational
energy from driving feedback gear 118 to driven feedback
gear 116 which rotates ring gear 102¢. Thus, by providing at
least a portion of rotational output of output shaft 108, input
rotational motion of planetary gear set 102, and hence that of
torque converter 104, is modulated. Once input and output
speeds of input shaft 106 and output shaft 108, respectively,
substantially match, driving feedback gear 118 and driven
feedback gear 116 can optionally be de-clutched from output
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shaft 108 and ring gear 102¢, respectively. The de-clutching
can be performed, for example, using additional clutches.

Operation of continuously variable transmission system
200 is same as the operation of continuously variable trans-
mission system 100 except as described herein. A modifica-
tion in the design of output shaft 202 so that it integrally forms
apart of ring gear 102¢ results in an elimination of a feedback
coupling unit formed by driving feedback gear 118 and driven
feedback gear 116 of FIG. 1. Further, aligning the geometric
axis of rotation of output shaft 108 with the geometric axis of
rotation of input shaft 106 results in a more compact design of
continuously variable transmission system 200. Rotation of
housing 206 coupled to impeller 104a oftorque converter 104
also results in housing 206 providing an input to impeller
104a thereby eliminating driving transfer gear 112 and driven
transfer gear 114 of FIG. 1.

Operation of continuously variable transmission system
300 is same as continuously variable transmission system 200
and continuously variable transmission system 100 except as
described herein. In continuously variable transmission sys-
tem 300, housing 302 provides the rotational input to impeller
104a of torque converter 104. Housing 302 derives the rota-
tional motion from planet gear carrier arm 102d, which
rotates as described above with respect to FIGS. 1 and 2.
Another difference between the operation of continuously
variable transmission system 300 and the operation of con-
tinuously variable transmission system 200 is that instead of
output shaft 202 connecting to ring gear 102¢ at second por-
tion 204, turbine 1045 directly couples rotational output to
ring gear 102¢, thereby further simplifying the design of
continuously variable transmission system 300. Thus, rota-
tion of turbine 1045 modulates rotation of planetary gear set
102 until speed of input shaft 106 matches output speed of
output shaft 202, or until a desired overdrive ratio for con-
tinuously variable transmission system 300 is attained.

Operation of continuously variable transmission system
400 will now be described in detail with reference to FIG. 4.
As described earlier, continuously variable transmission sys-
tem 400 includes compound planetary gear set 402 instead of
planetary gear set 102 with ring gear 102¢. Input shaft 106
receives rotational motion from a power source and provides
this rotational motion via carrier arm component 418 to car-
rier arm component 402e¢ which rotates the first pair of driving
planet gears 4025 and the second pair of driven planet gears
402c¢. The second pair of driven planet gears 402¢ rotates to
engage and further rotate driven sun gear 402d. Driven sun
gear 4024 further rotates impeller 104a which drives turbine
1045 to set output shaft 108 in a rotational motion. Output
shaft 108 rotates the driving intermediate feedback gear 404
which further rotates feedback shaft 412 via first intermediate
feedback gear 406. Second intermediate feedback gear 408
attached to feedback shaft 412 then rotates integral feedback
gear 410 to further rotate feedback sun gear 402a, thereby
providing a feed back input to continuously variable trans-
mission system 400 in addition to the input from input shaft
106. Such feedback is continuously provided until output
shaft 108 speed matches input shaft 106 speed.

In an exemplary scenario, feedback sun gear 402a can
rotate in a first direction depending on specific instantaneous
input and output speeds of continuously variable transmis-
sion system 400, or can rotate in an opposite second direction
as input and output speeds change.

The design of compound planetary gear set 402 is incor-
porated into continuously variable transmission system 200
and continuously variable transmission system 300 to result
in continuously variable transmission system 500 and con-
tinuously variable transmission system 600, respectively.
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Continuously variable transmission system 500 and continu-
ously variable transmission system 600 function exactly
same as their respective counterparts in FIGS. 2 and 3, except
they incorporate compound planetary gear set 402, operation
of which is described with respect to continuously variable
transmission system 400. Thus, after reading the operation of
continuously variable transmission systems 200-400, one
skilled in the art can understand the operation of continuously
variable transmission systems 500-600, and their operation
and method of making will not be described in further detail
herein.

Operation of continuously variable transmission system
700 will now be described with reference to FIG. 7. Although
operation of continuously variable transmission system 700
is being described using a design with planetary gear set 102,
operation of continuously variable transmission system 700
with compound planetary gear set 402 design can also be
understood by one skilled in the art, after reading this disclo-
sure. In continuously variable transmission system 700, input
shaft 106 transmits rotational motion to sun gear 1024, which
further rotates planet gears 1025. Carrier arm 1024 attached
to planet gears 1025 transmits the rotational motion as an
input to fluid coupling unit 702 which rotates freely to gen-
erate an output angular velocity of output shaft 108. Angular
output velocity of output shaft 108 is transmitted back in a
feedback loop to ring gear 102¢ which is integrally attached to
feedback shell 704. Rotation of feedback shell 704 causes a
modulation in rotation of planetary gear set 102 via ring gear
102¢. Thus, a portion of the output velocity of output shaft
108 is fed back as an additional input to planetary gear set 102
until the input speed of input shaft 106 matches the output
speed of output shaft 108 Once a desired matching condition
is attained between the input and the output of continuously
variable transmission system 700, feedback shell 704 can
optionally be declutched such that continuously variable
transmission system 700 becomes an open loop direct drive
system.

Referring again to FIGS. 1 and 4, two exemplary configu-
rations for a continuously variable transmission system in
accordance with embodiments of the present invention are
described. For the first configuration described in FIG. 1, a
gear set used this invention can be either a single planetary
gear set (planetary gear set 102) with ring gear 102¢, or, as
shown in FIG. 4, the gear set can be compound planetary gear
set 402 with no ring gear.

The second configuration is that torque converter 104 and
planetary gear set 102 (or compound planetary gear set 104)
can either be on the same geometric axis (e.g., for rear-drive
vehicle applications) or torque converter 104 and planetary
gear set 102 (or compound planetary gear set 104) can each be
on different geometric axes (e.g., for front-drive vehicle
applications). By way of example only, FIG. 1 shows a com-
bination that would be good for light-duty front drive appli-
cations, like a typical passenger car, and FIG. 4 shows a
combination that would be good for a heavy-duty application,
like an intercity transport truck. The particular application
would determine the size and material of the gear set and
torque converter 104.

For the configuration of continuously variable transmis-
sion system 100 of FIG. 1, an effective planetary gear set 102
ratio (which is an input angular velocity of input shaft 106
divided by the angular velocity of impeller 104a) is given by
the formula.

GR=OR-(1+PR)/[1+(PR-SR)]

where SR=the slip ratio for torque converter 104 (which is
output angular velocity of turbine 1045 divided by its input
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angular velocity of impeller 104a), PR (the planet ratio)=
(N, 02,42 N 55,)/N| 55, OR (the overdrive ratio)=N, /N, ,,,
and N, is the number of teeth in a gear i of FIG. 1 (where the
subscript denotes element number in FIG. 1).

It is to be noted that a feedback gear ratio (N, /N, ;5),
corresponding to driving feedback gear 118 and driven feed-
back gear 116, must be equal to OR. When continuous vari-
able transmission 100 is in a “drive” mode and output shaft
108 is held stationary by applying external brakes (corre-
sponding to an exemplary starting situation), SR=0 and
GR=0R-(1+PR). For example, for a light duty application, a
typical value for PR and OR would be 4 and 0.7 respectively.
In this case, at startup GR=3.5. When a load attached to output
shaft 108 achieves a standard operating speed and torque
converter 104 is in a “locked up” state, SR=1 and GR=0.7.
The value for GR will vary continuously in between these two
extremes (3.5 and 0.7) in response to angular speed of output
shaft 108 and torques acting on torque converter 104.

Planetary gear set 102 acts as a variable amplifier of torque
converter 104’s slip ratio and torque multiplication charac-
teristics. The ratio of the continuously variable transmission
system 100 input angular velocity to output angular velocity
would be GR divided by SR, which would be infinite when
the load is stationary and equal to OR when torque converter
104 is “locked up” and the load is travelling at its normal
operating speed beyond start-up conditions.

For the configuration of continuously variable transmis-
sion system 400 of FIG. 4, the effective gear ratio for the
compound planetary gear set 402 is given by the formula:

GR=[1/(1-PR)|-[1-(FR-PR-SR)]

where PR (the planet ratio)=N,05,N40>/Nig2sNugags FR
(feedback ratio)=N,,,N,0s/N,40sN4; o, and N, is the number of
teeth in an i” gear of FIG. 4 (where the subscript denotes
corresponding element numbers in FIG. 4).

To have a high gear output ratio be nominally 1:1, inter-
mediate feedback gears 406 and 408 making a feedback loop
should have a feedback gear ratio FR=1. For example, to have
an overdrive final gear ratio of 0.7:1, FR would need to be
slightly greater than one, the exact number depending on the
value selected for PR. For the case of a heavy duty truck, for
example, a typical value for start-up gearing would be 10:1
and for an overdrive ratio 0.7:1. Values of PR and FR to
achieve this typical case are 0.9 and 1.03, respectively.

For example configurations of continuously variable trans-
mission systems 100 and 400, as long as the OR, PR and FR
values are satisfied, the particular values for N, would be
dictated by packaging and strength considerations. Similarly,
values of OR, PR and FR can also be determined for continu-
ously variable transmission systems 200, 300, 500, 600, and
700 of FIGS. 2, 3, 5, 6, and 7, respectively.

Various exemplary modes of operation of continuously
variable transmission systems 100 and 400 with continuing
reference to FIGS. 1 and 4 will now be described, although
the present invention can be used in other modes too, accord-
ing to various embodiments of the present invention
described herein. Although the exemplary modes described
below are described with reference to continuously variable
transmission systems 100 and 400 of FIGS. 1 and 4, respec-
tively, in view of the disclosure above, these exemplary
modes can be equally applied to continuously variable trans-
mission systems 200, 300,500, 600, and 700 of FIGS. 2, 3, 5,
6, and 7, respectively.

1. Neutral mode: Various exemplary design options exist
for declutching the continuously variable transmission sys-
tems 100 and 400 from an input power source (e.g., an engine)
to achieve a neutral mode. When in neutral, it is desirable to
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have torque converter 104 spinning and full of hydraulic fluid
sothat when a “drive” position later selected, torque converter
104 is immediately available to transmit power without any
time lag. This can be accomplished for both continuously
variable transmission systems 100 and 400, optionally using
a combination of clutches, where turbine 1045 coupled to
output shaft 108, and feedback gears such as driving feedback
gear 118, driven feedback gear 116, driving intermediate
feedback gear 404, first intermediate feedback gear 406, sec-
ond intermediate feedback gear 408, feedback gear 410 are
declutched but impeller 104a receives input from input shaft
106 via planetary gear set 102 or compound planetary gear set
402.

2. Reverse mode: A reverse mode can be achieved in two
exemplary ways, as described herein. The first way is through
modifications to torque converter 104 that facilitate it being
able to transmit torque when operated in a direction reverse
from its normal operation direction. In one scenario, an over-
running clutch combined with a centrifugal clutch can be
used. In this case, for the continuously variable transmission
100 of FIG. 1, a brake holds carrier arm 1024 stationary,
driving transfer gear 112 is declutched from impeller 104a,
and driving feedback gear 118 is declutched for output shaft
108 coupled to turbine 1045 and clutched to an input to
impeller 104a. With these actions taking place, the gear ratio
for the planetary gear 102 in this scenario is:

GRE;=—(N; 02 Ny18)/ (N2, Ny 6), where the subscript
R1 denotes reverse mode of FIG. 1, and other subscripts
denote corresponding element numbers in FIG. 1.

Similarly, for the continuously variable transmission sys-
tem 400 of FIG. 4, reverse mode can be achieved by (1)
declutching driven sun gear 402d from the impeller 104a and
fixing driven sun gear 4024 in one fixed position using, for
example, a typical automatic transmission band brake,
although other techniques of fixing can be used, and (2)
declutching feedback sun gear 402a from turbine 1045 and
clutching feedback sun gear 402q to impeller 104a. The
resulting gear ratio in this scenario is:

GRz,=PR/(PR-1), where the subscript R2 denotes reverse
mode of FIG. 4, and PR is the planet ratio described earlier.
For example, for a heavy duty truck, PR=0.9, in which case
GRz,=-9.

With appropriate use of additional clutches and brakes,
reverse mode could be achieved on demand while having
torque converter 104 run in the same direction for both for-
ward and reverse modes.

3. Low Mode: For certain applications it may be desirable
to hold the continuously variable transmission system 100
and continuously variable transmission system 400 in a low-
est possible ratio corresponding to “low” in a conventional
automatic transmission. This can be accomplished according
to various embodiments of the present invention.

For continuously variable transmission system 100 con-
figuration, applying a band brake to ring gear 102¢ and driv-
ing feedback gear 118 from output shaft 108 will keep con-
tinuously variable transmission system 100 in a lowest
possible gear ratio independent of the value of torque con-
verter 104’s slip ratio. Low gear can be similarly obtained for
continuously variable transmission system 400 configuration
of FIG. 4 by fixing feedback sun gear 402a with a band brake
and declutching feedback gear 410 from feedback sun gear
402aq, although other techniques can also be used for the
“low” mode.

4. Drive Mode: Irrespective of the specific gearing chosen
for the intended application, when continuously variable
transmission system 100 and/or continuously variable trans-
mission system 400 are in a “drive” mode, continuously vari-
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able transmission system 100 and/or continuously variable
transmission system 400 will start from a stop in the lowest
possible gear ratio and smoothly move towards the 1:1 (or
overdrive) high gear ratio as an output speed of output shaft
108 increases. If the continuously variable transmission sys-
tem 100 and/or continuously variable transmission system
400 is highly loaded due to rapid acceleration, hill-climbing
or other high loading (like from deep oft-road mud), continu-
ously variable transmission system 100 and/or continuously
variable transmission system 400 will remain in an interme-
diate gear ratio automatically and smoothly by virtue of
design, without any special hydraulic or electrical controls as
found in typical current automatic transmission or continu-
ously variable transmission systems.

According to other embodiments of the present invention,
continuously varying transmission system 700 of FIG. 7 pro-
vides a further simplification and compactness in design as
compared to continuously varying transmission systems 100
and 400 of FIG. 4. Fluid coupling unit 702 eliminates use of
stator 104¢ and as a result continuously varying transmission
system 700 can spin freely in space. This alternative configu-
ration can provide a continuously variable transmission-like
speed change for planetary gear set 102 itself, where plan-
etary gear set 102 starts at a set ratio, e.g., 4:1 at 100% slip of
fluid coupling unit 702 and moves toward 1:1 as the slip of
fluid coupling unit 702 approaches zero.

According to one embodiment of the present invention,
continuously varying transmission system 700 can be advan-
tageously utilized, for example, when starting up a large
horsepower AC electric motor. In this scenario, getting the
motor up to operating speed, particularly if it starts up under
load, requires an excessive amount of initial current leading to
a huge energy loss and possible motor damage before the
motor gets near its efficient operating synchronous speed.
One popular solution is to connect the motor to the load
though a fluid coupling. However standard fluid couplings do
not usually provide enough startup slip for typical applica-
tions, so more complex schemes have been developed where
the coupling starts up with little fluid in it (which causes it to
slip excessively). As the motor and load come up to speed,
fluid is pumped into fluid coupling unit 702 at an appropriate
rate from one or more external reservoirs to progressively
reduce slippage. This keeps the motor current levels down to
an acceptable level. The resulting effect is the same as that
obtained by lowering the angular velocity of the coupling by
a speed factor.

Because fluid coupling unit 702 is initially operating at a
lower speed than the motor and because fluid coupling unit
702 sees a higher torque load than the actual load on output
shaft 108, fluid coupling unit 702 will initially slip by con-
siderably more than what it would operating on its own with
no planetary gear set 102 installed. Thus by integrating the
simple planetary gear set 102 with fluid coupling unit 702, a
soft start for the electric motor is produced without the need of
a complex multi-cavity fluid filling system for fluid coupling
unit 702. Similar effects are also produced with compound
planetary gear set 402 with fluid coupling unit 702

Furthermore, as is the case for most fluid coupling appli-
cations, to avoid energy losses at normal operating condi-
tions, a lock-up device is installed that prevents slippage
between the coupling impeller 104a and turbine 1045 com-
ponents. For fluid coupling unit 702, this can be accomplished
by installing a centrifugal clutch between a housing for carrier
arm 1024 and another housing for ring gear 102¢. The clutch
would be designed to fully engage at a speed just below the
lowest normal operating speed for the electric motor load
combination. Centrifugal clutches operate without any exter-



US 8,747,268 B2

15

nal controls. Thus fluid coupling unit 702, according to an
embodiment of the invention, can be a self-contained purely
mechanical device with no electronic, pneumatic or hydraulic
controls required for its operation.

Further, although exemplary embodiments of gear-based
continuously variable transmission systems are illustrated in
FIGS. 1-7, the present invention can be utilized in a variety of
other different embodiments. In these embodiments of the
present invention, an output of a slipping power transmitting
device, such as a rotary coupling unit (torque converter 104 or
fluid coupling unit 702), is advantageously connected to one
of the traditionally fixed gears in a planetary gear train. The
present invention can be utilized with any of the twelve fun-
damental planetary gear train configurations, or combina-
tions thereof, well known to those skilled in the art. Addition-
ally, although torque converter 104 and fluid coupling unit
702 are illustrated herein as examples of power transmitting
slipping devices in the embodiments illustrated in FIGS. 1-7,
other types and numbers of power transmitting devices that
exhibit slip could be used, e.g., a viscous coupling that would
work similar to fluid coupling unit 702 described herein.

Accordingly, as illustrated by the description herein the
present invention provides a number of advantages including
providing built-in velocity feedback of the output angular
velocity of output shaft 108 to an input of planetary gear set
102 (or, to an input of compound planetary gear set 402).
Thus, planetary gear set 102 (or, compound planetary gear set
402)) is put in a mode of being a multi-input system where at
least one of the inputs is the fed back output, and at least
another input being an input from a power source coupled to
input shaft 106.

Having thus described the basic concept of the invention, it
will be rather apparent to those skilled in the art that the
foregoing detailed disclosure is intended to be presented by
way of example only, and is not limiting. Various alterations,
improvements, and modifications will occur and are intended
to those skilled in the art, though not expressly stated herein.
These alterations, improvements, and modifications are
intended to be suggested hereby, and are within the spirit and
scope of the invention. Additionally, the recited order of pro-
cessing elements or sequences, or the use of numbers, letters,
or other designations therefor, is not intended to limit the
claimed processes to any order except as may be specified in
the claims. Accordingly, the invention is limited only by the
following claims and equivalents thereto.

What is claimed is:

1. A continuously variable transmission system compris-
ing:

a gear set comprising one or more sun gears, one or more
planetary gears, and a planetary gear carrier arm on
which the one or more planetary gears are mounted for
rotational movement, the one or more sun gears and the
one or more planetary gears are mounted for rotational
engagement and movement with respect to each other, at
least one of the one or more sun gears and the planetary
gear carrier arm couples to an input shaft and a portion of
the gear set couples to an output shaft directly coupled to
a load to receive feedback, wherein the gear set further
comprises a ring gear, the ring gear and the one or more
planetary gears are mounted for rotational engagement
and movement with respect to each other, the at least one
of the one or more sun gears couples to the input shaft
and the ring gear couples to the output shaft;

a rotary coupling unit having an input rotationally
coupled to the at least one of the one or more sun gears
and the planetary gear carrier arm and an output that
directly couples to the output shaft; and
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a feedback unit having one or more feedback gears that
rotationally couples the output shaft back to the ring
gear.

2. A continuously variable transmission system compris-

ing:

a gear set comprising one or more sun gears, one or more
planetary gears, and a planetary gear carrier arm on
which the one or more planetary gears are mounted for
rotational movement, the one or more sun gears and the
one or more planetary gears are mounted for rotational
engagement and movement with respect to each other, at
least one of the one or more sun gears and the planetary
gear carrier arm couples to an input shaft and a portion of
the gear set couples to an output shaft directly coupled to
a load to receive feedback, wherein the one or more
planetary gears further comprises a first set of one or
more planetary gears and a second set of one or more
planetary gears which are coupled to the first set of
planetary gears via a common shaft that is guided in a
circular orbit by the planetary gear carrier arm that
couples to the input shaft, while another of the one or
more sun gears, which is coupled to the second set of
planetary gears, is coupled to the input of the rotary
coupling unit, while the at least one of the one or more
sun gears which is coupled to the first set of planetary
gears couples to the output shaft;

a rotary coupling unit having an input rotationally
coupled to the at least one of the one or more sun gears
and the planetary gear carrier arm and an output that
directly couples to the output shaft; and

a feedback unit having one or more feedback gears that
rotationally couples the output shaft back to the first
sun gear.

3. A method for making a continuously variable transmis-

sion system, the method comprising:
providing a gear set comprising one or more sun gears, one
or more planetary gears, and a planetary gear carrier arm
on which the one or more planetary gears are mounted
for rotational movement, the one or more sun gears and
the one or more planetary gears are mounted for rota-
tional engagement and movement with respect to each
other, at least one of the one or more sun gears and the
planetary gear carrier arm couples to an input shaft and
a portion of the gear set couples to an output shaft
directly coupled to a load to receive feedback, wherein
the providing the gear set further comprises providing a
ring gear, the ring gear and the one or more planetary
gears are mounted for rotational engagement and move-
ment with respect to each other, the at least one ofthe one
or more sun gears couples to the input shaft and the ring
gear couples to the output shaft;
providing a rotary coupling unit having an input rota-
tionally coupled to the at least one of one or more sun
gears and the planetary gear carrier arm and an output
that directly couples to the output shaft; and

providing a feedback unit having one or more feedback
gears that rotationally couples the output shaft back to
the ring gear.

4. A method for making a continuously variable transmis-

sion system, the method comprising:

providing a gear set comprising one or more sun gears, one
or more planetary gears, and a planetary gear carrier arm
on which the one or more planetary gears are mounted
for rotational movement, the one or more sun gears and
the one or more planetary gears are mounted for rota-
tional engagement and movement with respect to each
other, at least one of the one or more sun gears and the
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planetary gear carrier arm couples to an input shaft and
a portion of the gear set couples to an output shaft
directly coupled to a load to receive feedback, wherein
the one or more planetary gears further comprises a first
set of one or more planetary gears and a second set of one
or more planetary gears which are coupled to the first set
of'planetary gears via a common shaft that is guided in a
circular orbit by the planetary gear carrier arm that
couples to the input shaft, while another of the one or
more sun gears, which is coupled to the second set of
planetary gears, is coupled to the input of the rotary
coupling unit, while the at least one of the one or more
sun gears which is coupled to the first set of planetary
gears couples to the output shaft;
providing a rotary coupling unit having an input rota-
tionally coupled to the at least one of one or more sun
gears and the planetary gear carrier arm and an output
that directly couples to the output shaft; and
providing a feedback unit having one or more feedback
gears that rotationally couples the output shaft back to
the first sun gear.
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