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TORQUE PEAK DETECTION AND CONTROL MECHANISM FOR CVP

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 61/905,742, filed

November 18, 2013, which application is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] Automatic and manual transmissions are commonly used on automotive vehicles, such as
cars, trucks and Off-Highway Vehicles. Both conventional automatic and manual transmissions
are restricted to a select few gear ratios, that enable a range of vehicle speeds while keeping the
vehicle’s internal combustion engine (ICE) operating within its limited operable engine speed
range. Within the usable range of engine speeds for an ICE, there are optimal speeds for
efficiency and power generation. Due to the discreet gear ratios of conventional automatic and
manual transmissions, operating ICE vehicles at these optimal engine speeds is restricted to
discreet vehicle speeds. 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 gears (and corresponding discrete gear ratios) While adding additional gears to
conventional transmissions can help the user operate the vehicle at optimal rpm ranges for a
greater corresponding range of vehicle speeds, doing so adds significant cost and complexity to
the transmission. Continuously variable transmissions (CVT) on the other hand can steplessly
operate at an infinite number of gear rations between low gear ratio and a high gear ratio. CVTs
are available in many types: belts with variable pulleys, toroidal, and conical to name a few. This
ability to operate at a continuous range of gear ratios allows an automotive vehicle to operate at a
constant ICE engine speed over a broad range of vehicle speeds. The main advantage of a CVT
is that it enables the engine to run at its most efficient rotation speed by changing steplessly the
transmission ratio as a function of the vehicle speed. Moreover, the CVT can also shift to a ratio
providing more power if higher acceleration is needed. A CVT can change the ratio from the
minimum to the maximum ratio without any interruption of power, unlike conventional
transmissions which cause an interruption of power during ratio shifts. Furthermore, such
capabilities allow for the optimization of the ICE design for narrow but more efficient power
bands, allowing greater useable power from smaller displacement more economical engines. A
specific use of CVTs is the Infinite Variable Transmission or IVT. Whereas the CVT is limited at
positive speed ratios, the IVT configuration can perform a neutral gear and even reverse ratios

steplessly. A CVT can also be used as an IVT in some driveline configurations.
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[0003] A typical CVT design example is the Fallbrook “NuVinci” Technology, which is a rolling
traction drive system, transmitting forces between the input and output rolling surfaces through
shearing a thin fluid film. NuVinci designs utilize a continuously variable planetary (CVP)
variator, which steplessly operates through a range of speed ratios. The technology is called
“Continuously Variable Planetary” (CVP) due to its analogous operation to a planetary gear
system. The system consists of an input disc (ring) driven by the power source, an output disc
(ring) driving the CVP output and a set of balls rotating on its own axle and is fitted between
these two discs and a central sun.

[0004] The torque from the input power source is transferred between input ring, balls and output
ring using a thin layer of traction fluid (elasto-hydrodynamic lubrication, or EHL). The discs are
clamped onto the balls tightly to achieve the clamping force required to transmit the torque.
[0005] The relative speed of the output ring is controlled by tilting the angle of the ball axles
relative to the transmission axis. By tilting the ball axles the CVP can operate steplessly within a
range of speed ratios. Typically the speed ration range spans underdrive to overdrive ratios.
[0006] One challenge in using a CVT, such as those having a CVP, is the management of high
torques supplied to the CVT. Over-torque situations wherein torque flowing through the CVT
surpasses the design limit of the variator or other components of the transmission may lead to
catastrophic failure, damage, or decreased operating life of the variator or other transmission
components. Currently there exists no cost-effective solution that can detect high torque high
and adequately control the variator in such cases. Thus, the variator will not be protected and
oversizing might be needed to ensure the sufficient life of the designs. Thus there exists a need
for a system that can detect high torques being supplied to the variator and that can adequately
control the variator or other aspects of the vehicle driveline to prevent damage to and preserve

the operating life of the transmission, especially the variator.

SUMMARY OF THE INVENTION
[0007] Aspects of the disclosure provide systems and methods for preventing over-torque in a
transmission. Additionally, aspects of the disclosure provide a systems and methods for
preventing over-torque in a vehicle driveline. Over-torque is typically defined as torque
exceeding a threshold value. Many embodiments provide a system for preventing over-torque in
a transmission comprising: a torque sensing device drivingly engaged with a torque source and
adapted to transfer torque from the torque source to an input of the transmission. The torque
sensing device is typically also adapted to measure the amount of torque being transferred from
the torque source to the transmission. In such embodiments the system further comprises a

control mechanism operably engaged to the torque sensing device and adapted to control a
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current state of the transmission based on, or in response to, the amount of torque measured by
the torque sensing device. Typically the control mechanism controls the current state of the
transmission such that the torque in the transmission does not exceed a threshold value for the
transmission’s current state. The control mechanism may additionally or alternatively modify the
current state of the transmission to reduce stress in the transmission caused by the applied torque.
The current state of the transmission may comprise the current speed ratio of the transmission.
[0008] In many exemplary embodiments the transmission comprises a continuously variable
transmission (CVT). In some embodiments the continuously variable transmission comprises a
continuously variable planetary (CVP) variator, and the current state of the transmission
comprises a current speed ratio of the variator.

[0009] In exemplary embodiments, the torque sensing device comprises a first rotatable member,
a second rotatable member, and a torsion spring disposed therebetween; the torsion spring being
drivingly engaged with both rotatable members. Typically, the first rotatable member is
configured to transfer torque from the torque source through the torsion spring to the second
rotatable member. The second rotatable member is typically configured to transfer torque
relieved through the torsion spring to the input of the transmission. In such exemplary
embodiments the torsion spring produces a phase difference in the rotations of the first and the
second rotatable members, the phase difference being proportional to the torque applied by the
torque source to the transmission, thereby the torque sensing device provides a measurement of
the torque being applied to the transmission, also referred to as “applied torque”.

[0010] In such exemplary embodiments, the torque sensing device may further comprise a first
planctary gear set having a first sun, a first set of planet gears supported by a first planetary
carrier, and a first ring gear. The first sun may typically be the first rotatable member. The
torque sensing device may further comprise a second planetary gear set having a second sun, a
second set of planet gears supported by a second planetary carrier, and a second ring gear. The
second ring gear may be rotatably fixed to the first ring gear or the first and the second ring gears
may be one common ring gear. The second sun may typically be the second rotatable member.
In such embodiments the gear ratios between the first sun, the first set of planets and the first ring
gear are the same as the gear ratios between the second sun, the second set of planets and the
second ring gear. The first planetary carrier may be rotatably grounded thereby creating an
angular displacement in the second planetary carrier that is proportional to the applied torque,
thereby providing a non-rotating measure of the applied torque.

[0011] In some embodiments, the control mechanism may be adapted to provide rotation to one

or more of an input disc of the CVP variator or an output disc of the CVP variator in response to
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the torque sensing device measuring the applied torque. In some embodiments, the amount of
rotation provided by the control mechanism is proportional to the difference between the applied
torque and the threshold for the current state of the transmission.

[0012] Aspects of the invention include vehicle drivelines comprising any of the systems for
preventing over-torque in a transmission described above.

[0013] Aspects of the invention include methods of providing any of the systems for preventing
over-torque in a transmission described above. Such methods may comprise providing such

systems for preventing over-torque in a vehicle driveline.

INCORPORATION BY REFERENCE
[0014] 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

[0015] 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:

[0016] FIG. 1 is an exemplary configuration of the main elements of a CVP.

[0017] FIG. 2 illustrates the general working principle of a ball-type CVT including the ratio
change in the CVP.

[0018] FIG. 3 illustrates how the basic driveline configuration of a CVT is used to replace a
traditional transmission and is located between the engine (ICE - internal combustion
engine, or other power source) and the differential.

[0019] FIG. 4 is an exemplary configuration of a torque sensing device connected between a
torque source and an input of a CVP variator.

[0020] FIG. 5 illustrates a connection point within the CVP where a linkage between the control
mechanism and the non-rotating angular displacement may occur.

[0021] FIG. 6 illustrates the relationship between a corrective rotation, an applied torque, and a

threshold.

DETAILED DESCRIPTION OF THE INVENTION
[0022] A specific use of CVTs is the Infinite Variable Transmission or IVT. Where the CVT is
limited to positive speed ratios, the IVT configuration can perform a neutral gear and even

reverse ratios steplessly. A CVT can be used as an IVT in some driveline configurations.
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[0023] Provided herein are configurations based on a ball type CVT, also known as CVP, for
constant variable planetary. Aspects of the CVTs are describes in US20040616399 or
AU2011224083A1, incorporated herein by reference in their entirety. The type of CVT used
herein, as shown on FIG.1, is composed of a plurality of variator balls, 997, depending on the
application, two discs, input disc, 995, and output disc, 996 or annular rings each having an
engagement portion that engages the variator balls, 997. The engagement portions may be in a
conical or toroidal convex or concave surface contact with the variator balls, 997, as input and
output. The CVT may include an idler, 999, contacting the balls, 997, as well as shown on FIG.
1. The variator balls, 997, are mounted on axes, 998, themselves held in a cage or carrier
allowing changing the ratio by tilting the variator balls’ axes, 998. 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 CVT
is shown in FIG. 2.

[0024] The CVP 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 distance between the axis and the contact point change,
modifying the overall ratio. All the variator balls’ axles are tilted at the same time with a
mechanism included in the cage.

[0025] In a car, the CVT, 300, is used to replace traditional transmission and is located between
the engine (ICE, 301, or internal combustion engine) or other power source, and the differential,
302, as shown on FIG. 3. A torsional dampener, 303, alternatively called a damper, may be
introduced between the engine, 301, and the CVT, 300, to avoid transferring torque peaks and
vibrations that could damage the CVT, 300. In some configurations this dampener, 303, can be
coupled with a clutch, 304, for the starting function or to allow the engine to be decoupled from
the transmission. The CVT may also be used as the variator in this layout.

[0026] Aspects of the disclosure may also include other architectures. Various powerpath layouts
can be introduced by adding a number of gears, clutches and simple or compound planetaries.
The overall transmission can provide several operating modes; a CVT, an IVT, or combinations
thereof.

[0027] In drivelines such as those depicted in FIG. 3, care must be taken to shield the
transmission from high torque. Aspects of the disclosure include system and methods for

detecting high torque peaks being transferred from a torque source to a vehicle transmission.
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Typically the torque source is the engine of the vehicle driveline which may be an ICE, electric
motor, or other source of motive torque. Many embodiments comprise a torque sensing device
located in between the engine and the transmission in the vehicle driveline. In many
embodiments the torque sensing device may transfer the torque from the torque source (engine)
to an input of the transmission. The input to the transmission may comprise a CVP variator. The
CVP variator may require protection form torque inputs exceeding a threshold level in order to
maintain viability of all components of the CVP. An exemplary embodiment is of the torque
sensing device is shown in FIG. 2.

[0028] Aspects of the disclosure include a torque detection mechanism. This detection
mechanism can be positioned flexibly in the CVP-layout: at the input of the variator, at the
output of the variator or at some other relevant position inside a planetary configuration. More
than one detection mechanism in the system may be used and the outputs may be combined. A
detection mechanism may be purely mechanical. A detection mechanism may be based on
electro-magnetic, hydraulic, pneumatic, or other technologies. A mechanical detection
mechanism may comprise a spring inside the torque path of the CVP.

[0029] Referring now to the embodiment of FIG. 4, the torque sensing device is shown
connected between torque source Ti,, 400, and the input of CVP variator, Toy, 401. In such
embodiments, the torque sensing device may comprise two rotational members (shown as sun
gears s1, 402, and s2, 403) connected via a torsion spring, 404. Torque is transferred from torque
source Tj,, 400, to the first rotational member s1, 402, and then the second rotational member s2,
403, through the torsion spring, 404. From s2, 403, the torque is transferred to the input of the
CVP and the transmission. The torsion spring, 404, will produce a difference in the angular
positions of s1, 402, an s2, 403, that is function of the torque being passed form the torque source
to the transmission (also referred to as the applied torque, or Ti,, 400,). Such angular
displacement manifests as a phase difference between the angular (rotational) positions 0, 405,
and ©,, 406, of s1, 402, and s2, 403, respectively, as they rotate. The phase difference is a direct
measure of the torque applied to transmission from the torque source. Angular (rotational)
position sensors on s1, 402, and s2, 403 may track the phase difference thereby allowing a
calculation of the applied torque from the torque source. The relationship between the applied
torque and the phase difference between angular positions of s1, 402, and s2, 403 may be a linear
function such as T =k* (0, - ©,) where T is the applied torque and k is the spring constant of the
torsion spring, 404. In alternative embodiments, T may have any non-linear relationship to the

phase difference (®, - 0,) depending on the characteristics of the spring, 404.
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[0030] In exemplary embodiments the torque sensing device may convert the rotating angular
difference (®,- ©,) created by the torsion spring, 404 into a non-rotating angular difference.
The non-rotating angular difference may serve as an output of the torque sensing device and as
an input to a control mechanism, 407, the control mechanism, 407, being tasked to control
aspects of the vehicle driveline (including the transmission or a CVP contained therein) in order
to prevent damage from too high amounts of torque. In such embodiments, the first and second
rotational members may be sun gears of planetary gearsets. This is also shown in FIG. 4, as s1,
402, and s2, 403, may be cach rotatably coupled to a set of planet gears supported by planet
carriers cl, 408, and c2, 409, respectively. Here c1, 408, and ¢2, 409, are coupled to a common
ring gear, 410, and c1, 408, is rotatably grounded. The gear ratios between s1, 402, c1, 408, and
the ring, 410, are the same as the gear ratios between s1, 402, c2, 409, and the ring, 410,.
Alternatively, each of the two planetary gear sets may have their own ring gear, 410,, the ring
gear, 410, of the one being rotatably coupled to the other, the gear ratios of the two planctary
gear sets should still be identical. Such embodiments operate as follows: When the applied
torque is steady s1, 402, and s2, 403, rotate at the same speed. Since cl1, 408, is stationary the
ring, 410, (or separate rings) rotates at a speed determined by the gear ratio between s1, 402, and
the ring, 410, through c1, 408. Since the second planetary (s1, 402,c2 , 409, the ring, 410,) have
equivalent gear ratios to the first planectary (s1, 402,c1 , 408, the ring, 410,), c2, 409, will also be
stationary when the applied torque is constant. When the applied torque changes, the phase
difference changes between the rotational positions of s1, 402, and s2, 403, during this phase
shift rotation is introduced in c2, 409, via the ring, 410, and ¢2, 409, will assume a new angular
position. When the phase shift is completed and s1, 402, and s2, 403, are once again rotating at
the same speed, ¢2, 409, will come to rest at a new angular position, wherein the change in ¢2’s,
409, angular position is proportional to the change in applied torque. The angular difference
between the new angular position of c2, 409, and its initial angular position serves as a direct
measurement of the applied torque. Such a direct measurement is non-rotating and may be
connected to drive line control devices directly in mechanically simpler ways.

[0031] In many embodiments the torque sensing device passes information of the applied torque
to a control mechanism, 407. In exemplary embodiments, the torque sensing device produces a
non-rotating angular difference measurement of the applied torque, as explained above. This non-
rotating output may be directly connected to the control mechanism, 407. In alternative
embodiments the phase difference between s1, 402, and s2, 403, may be tracked with angular
position sensors to determine the applied torque, such information may then be passed to the

control mechanism, 407.
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[0032] In exemplary embodiments the control mechanism, 407, may be configured to control the
speed ratio of the transmission or a CVP contained therein. A detection mechanism may be
purely mechanical. A detection mechanism may be based on electro-magnetic, hydraulic,
pneumatic, or other technologies. In exemplary embodiments the control mechanism, 407, is
adapted to control the ball axis, 411, of the CVP balls shown in FIG. 4. If the torque sensing
device detects an applied torque that is beyond a threshold torque, the control mechanism, 407,
may change the speed ratio of the transmission to one that can safely accommodate the applied
torque. In some embodiments, the transmission of the vehicle driveline may comprise a CVT
having a CVP with a power splitting capabilities, wherein a portion of the applied torque may be
routed through the transmission via more robust mechanical components depending on the
current state speed ratio of the transmission. In such embodiments the control mechanism, 407,
may change the speed ratio of the transmission to route a greater portion of the torque through
the sturdier components when the torque sensing device detects an applied torque above the
threshold. In some embodiments, this may lead to a deceleration of the vehicle which will
decrease load on the variator.

[0033] As described above, many exemplary embodiments comprise a torque sensing device that
provides a non-rotating angular displacement as a measure of the applied torque from the torque
source. In many such embodiments the control mechanism, also mentioned above, may link the
non- rotating angular displacement to the mechanism that controls the speed ratio of the variator
(CVP) in the vehicle driveline. This link may be purely mechanical, providing an advantage of
non-rotating measurement of the applied torque. The link may connect to the one of the variators
input or output discs. FIG. 5 shows a connection point, 500, within the CVP where such a
linkage may occur. In some embodiments, when the torque sensing device detects an applied
torque above the threshold, the control mechanism may rotate one of the input or the output discs
of the variator as a corrective action, also referred to as corrective rotation. In exemplary
embodiments the variator will operate normally until the threshold is reached, however once the
applied torque surpasses the threshold the control mechanism may supply the corrective rotation
a to either the input or output disc. Such corrective rotation may alleviate stress within the CVP
resulting from the over-torque situation, thereby prolonging the life of the transmission. The
corrective rotation o may increase as the applied torque T increases past the threshold Tajiowed-
This relationship is shown in FIG. 6.

[0034] The control mechanism may be implemented purely mechanically. Alternatively, the

control mechanism may involve a combination of mechanical and other technologies; e.g.:
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electrical, hydraulic, and magnetic. The control mechanism may have flexibility to handle both
positive and negative torques.

[0035] 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.
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CLAIMS
WHAT IS CLAIMED IS:

1. A system for preventing over-torque in a transmission comprising:

a torque sensing device drivingly engaged with a torque source and adapted to
transfer torque from the torque source to an input of the transmission and adapted to measure an
applied torque, being an amount of torque being transferred to the transmission from the torque
source; and

a control mechanism operably engaged to the torque sensing device and adapted
to modify a current state of the transmission based on the amount of torque measured by the
torque sensing device.

2. The system of claim 1, wherein the transmission comprises a continuously
variable transmission (CVT).

3. The system of claim 1, wherein the CVT comprises a continuously variable
planetary (CVP) variator and the current state of the transmission controlled by the control
mechanism comprises a speed ratio of the CVP variator.

4. The system of claim 3, wherein the torque sensing device comprises:

a first rotatable member, a second rotatable member and a torsion spring disposed
therebetween,

wherein the first rotatable member is configured to transfer torque from the torque
source through the torsion spring to the second rotatable member,

wherein the second rotatable member is configured to transfer torque received
through the torsion spring to the input of the transmission, and

wherein the torsion spring produces a phase difference in rotations of the first and
the second rotatatable members, the phase difference being proportional to the torque applied by
the torque source to the transmission and thereby providing a measurement of the torque being
applied to the transmission.

5. The system of claim 4, wherein the torque sensing device further comprises:

a first planetary gearset having a first sun, a first set of planet gears supported by
a first planetary carrier and a first ring gear;

a second planetary gearset having a second sun, a second set of planet gears
supported by a second planetary carrier and a second ring gear, the second ring gear being
rotatably fixed to the first ring gear such that the first and second ring gears rotate together at the
same speed;

wherein the gear ratios between the first sun, the first set of planets, and the fist

-10-
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ring gear are the same as the gear ratios between the second sun, the second set of planets, and
the second ring gear

wherein the first rotatable member is the sun of the first planetary gearset and the
second rotatable member is the sun of the second planetary gearset, and

wherein the first planetary carrier is rotatably grounded thereby creating an
angular displacement in the second planetary carrier that is proportional to the amount of torque
being transferred from the torque source to the transmission, thereby providing a non-rotating
measure of the torque being transferred from the torque source to the transmission.

6. The system of claim 3, wherein the control mechanism is adapted to provide
rotation to one or more of an input disc of the CVP variator or an output disc of the CVP variator
in response to the torque sensing device measuring the applied torque.

7. The system of claim 4, wherein the control mechanism is adapted to provide
rotation to one or more of an input disc of the CVP variator or an output disc of the CVP variator
in response to the torque sensing device measuring the applied torque.

8. The system of claim 5, wherein the control mechanism is adapted to provide
rotation to one or more of an input disc of the CVP variator or an output disc of the CVP variator
in response to the torque sensing device measuring the applied torque.

9. The system of claim 6, wherein an amount of the rotation provided by the control
mechanism is proportional to the difference between the applied torque and a threshold for the
current state of the transmission.

10.  The system of claim 7, wherein an amount of the rotation provided by the control
mechanism is proportional to the difference between the applied torque and a threshold for the
current state of the transmission.

11.  The system of claim 8, wherein an amount of the rotation provided by the control
mechanism is proportional to the difference between the applied torque and a threshold for the
current state of the transmission.

12. A vehicle driveline comprising the system of claim 1.

13. A method of providing the system of claim 1.

-11-
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